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20194 ARdAolE ZH0|H Al2l=

(X 1-2) 7|==4

2011 2013 2015 2017

s 9 | B | g9l | B | w9 | B | S| B

Z | F | 22 | w2 | 22 | =22 | =22 | ==
(N=412) | (N=45) | (N=370) | (N=51) | (N=424) | (N=52) | (N=419) | (N=58)

271999 g 029 | 029 | 037 | 024 | 013 | 012 | 011 | 0.09
(©n) (0.45) | (0.46) | (0.48) | (0.43) | (0.33) | (0.32) | (0.32) | (0.28)
288 | 280 | 330 | 378 | 3.80 | 3.8 | 326 | 3.52

. ) 3 . ) ) ) ) )
7RI (285 | (229 | 329 | 316 | (3.99 | (3.42) | (3.53) | (3.00)
11 22 1 12 1

- 0. 0, 008 | 018 | 008 | o 0.09 | 0.10
0.32) | 0.42) | (0.27) | (0.39) | (0.27) | (0.32) | (0.29) | (0.31)

Q1100 458 | 479 | 359 | 365 | 371 | 346 | 3.09 | 3.79
Q74 | 3D | @77 | 3.72) | 3.14) | 2.87) | (256) | (2.85)

Sl 13‘3]) 0.59 0.62 0.56 O_?S 0_?7 0.62 0.57 0.53
0.49) | 0.49) | (0.30) | (0.50) | (0.50) | (0.49) | (0.50) | (0.50)

p— 028 | 018 | 030 | 025 | 025 | 023 | 028 | 036
0.45) | 0.39) | (0.46) | (0.44) | (0.43) | (0.43) | (0.45) | (0.48)
v 2AR0 5026 | 6848 | 58.92 | 6550 | 61.11 | 66.12 | 59.40 | 67.11
(24.21) | (23.20) | (24.75) | (23.74) | (23.24) | (22.83) | (23.82) | (26.30)
S ) 6503 | 9578 | 587.8 | 12475 | 439.3 | 664.1 | 483.7 723.7_
(1227.8) [(1070.5) | (878.7) | (1811.0) | (694.6) |(1049.3)| (732.2) |(1010.5)

ol 979 | 874 | 9.01 | 1195 | 1050 | 12,97 | 10.06 | 9.59
(12.33) | (11.16) | (11.72) | (21.06) | (15.94) | (35.80) | (15.14) | (12.64)
BT ¥ | 2459 | 2046 | 1891 | 20.65 | 1830 | 17.59 | 1952 | 17.42
(FrHag x3h (47.14) | (25.99) | (32.62) | (31.88) | (38.19) | (26.30) | (42.57) | (27.43)
Rl 028 | 016 | 034 | 029 | 031 | 019 | 030 | 028
(=Ll 0.45) | 0.37) | (0.47) | (0.46) | (0.46) | (0.40) | (0.46) | (0.45)
QlF el 073 | 051 | 065 | 060 | 035 | 043 | 047 | 0.36
(C) (3.12) | (1.67) | (2.80) | (3.12) | (2.00) | (1.40) | (1.39) | (0.84)
22 W30 13.99 10.33 14,02 11.80 12.12 8.37 12.43 12.40
= " (23.15) | (25.24) | (22.60) | (22.00) | (20.99) | (19.62) | (21.89) | (20.14)
AR 376 | 347 | 380 | 378 | 387 | 358 | 387 | 383
(1.00) | (1.08) | (1.03) | (0.83) | (0.73) | (0.85) | (0.80) | (0.98)

304 | 320 | 304 | 300 | 311 | 308 | 303 | 297

2=qu ;g

TR GH) 0.9 | 099 | 095 | 085 | 089 | 079 | 092 | 092
056 | 049 | 064 | 065 | 062 | 060 | 070 | 067

100 ) . ) ) ) . . .
EPRAED 050 | 05 | 049 | 049 | 049 | 050 | 046 | ©.47)
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AAsV/ABAAA 278& AAe Aol =ARE7F BA8gE Zos Hat
o} gkgo] HHgh 7]gdo] Ao 7] wiiel =ARET JiES oA F HA
ARESEICE WA WA 7IZE BAIE B, Tz Ao} Bz ALY
A Abolel AFHE ApolE HolA] kil 9tk 2011'd3 2015 ol= T
Z ARAAGIA W 717be] ez ZA|NE 201317 20170l Bz
ArgAlA B AA AR AL vk FYs B8-S ARSSRaL Qe 20119
#2013, 201533} 2017 AlolES BB, 2 245 Bz
AtgAIS] WA 7IZre] o A7) whiEe] BEgezrt ofttolunt 7Rk
SRS 7Fe A Hob vk thro R mARErel #Ek SAE BY, =4}
7 Bz ARAIIA EIEHAl o] Wo] AL s & 5 3
ok ohel, 2 Aoz 201537 2017'd ARECIA o] FolEaL 3loiA]
Bzt QRtEo] s JAo] ARt WAl mjX|= o] =0
I Qs 7FedE ok A

wiAT o] AHEA ARESE AdEldE FAE BEW, 201598 AlQs
20114, 20134, 20179 Folle Bz ARGAleA o =4 vehda
otk =, 2011del= 4.79% ) 4.58%, 2013 d¢l= 3.65% o 3.59%,
2017\ d00= 3.79% th 3.09% So8 Bz AlgA|e] dFeliEoe] o
=k, 20150 3.46% th 3.71%= Bz AFA|e] dFeldEol
Za o @A e givk. 2330 SEARE 1 2pelrt 34 gkoba] BAIA
o2 M= HA %2 el AUk

<3 1-2>oE JadAle} =2 248 T

g 712 AE AElEo] vt AETAE ey
7HATE dedsE A2 F e, AEEA M S,
=%, 7P =& T Al 7R 7Y 20139 sk ABeFe R
A e HE7E ST, 2015~2017d Apmetbe] dwd HrAlE S8l
A AR Ul 8 g o s RSk B ARdAle] A
Qo= Az AFUAR ZAstddrt. 1 EAEAHES B, 20114
2015300l Brez AFGAlA ghmieFe] vlgo] =/ vERtaL 3l
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T
(e}
TN
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14 20196 AlHAEE Zololm Alzl=

A, 201393} 20176l Bz AFGAIOIA =g HlEo] ¢ B
Al ZAREAL Qivk. 2y I At 33 Qo] Bzl $go] 22
AEe] ES Bogele e gt dAE|E o2 RiFk
Zo| ZAfolE 2015970 Sd=F ARFAIAM TIFeFe] Hlgo| T
E=ANE 2017303 Bz ARIA oM TIFeFe] vl U] =] ZA}
=i gieh

olojr kx ZZEd| B3 7|2EAS HW, 201130 2017371A]
AL Bz ARAD ddiez ARJAET k2 22Eo] ¢ &/
AL Sk, Bz ARAE Ha g SRRV 238 5 9L

© o]fo] 7| WEel & 2HES SHAL e ZoE Helt ojxd
eN

il

2
= =
W gage) mHES FHAVIE ) A8eA g Ao

<E 12> 223 7, o]HE, BT vle T 224 54 HFER
Aelse] it 22ak = ARA gelel Ay agHo] Sl
AT 224 5 A 224 5 @it 224 ol B SAE
S HY, Beex ARAEY Fi 2R o 2 FoR 2AER 9
th ol ZANRIE S5 Bzt o go] AAYAL lvke A9 @
do] AHAHAE, 2019). o|HEE APLA o] A2} AA| L2AF FolA
AR gl of7|A olFA}t = AdLE orsh] whEel 3HE
el 713kt o]dE FAE Tz AMAle Bz ARAl Alelel
A#AE Mol @A ek 2011934 2017delks TUez ARJA| A,
201313} 2015\ 30l Hptess ARGAOIA olHEe] T =7 Wheal itk

AT e ARag SEAReh a8 SEAE ZeRE JA 1)
ArtA 2RAE A SRAA ole ArE AAskEAE S EIH
o)A F= AitAdl thahA olFofAl= AT ol theliA] Wi <
2ApEe] MERA ARE = 97] wlzell 7)ol E3ahsitt. o714 3HAd
g v SEAMA 23 ol A ag SRAER HPEA



ARE-E 7Fs/do] Q7] wliEolth. frAkek Al A elA Qs A HE o=
Aol gk 7|2FAE ZARIAY. 1 SAE BEH, T ANE she
7199] Hl&o] Gz AFGAIIN GHEA O =A AL o

191 Fhelel, 7= vlF, AEA, Fads 4% & ATt Al
7 Sl digk wEx stttk 1997 Folole afddx=e] Fdyol
o F A TEA F HHo® e A, 7 @E F AR
of e} 3= 2 ARG 1917 el 201535 A efgh v
Al dAxEel 20114, 20134, 20174 SoA ddex A}?ﬁ] FEAA
o = vYeal vt £F vl A wiEdolx] FEHo] ApA[sh= ¥
TEE SRS, BE Y ARl gz AMGAleA FE HF
o ] A VEhaL Stk AP AFAE Ao X Ee A=E 54
e AT A0, Gz AFGAA o B 52 B3s Holu
Aot FoHEE Hol AFFLTE oAGA HEHAL AeAE 5 HER
ZAFeE gl Sz AMgAleL Bz AFGAIZE A2 St =)
WA, AFrQ HEo] Tz ARYAN 25 o A YERRAL 3l
o mpAto 2 EARQIA] o= ATAEAT 719 ©ele] RS AR
floF &= APE wlliZol 2RSS SAIs] HEiA ARSIt ErAd Al

TAF ARGAIG Bz ARGA] Abelol] AR BlSzsA] AR AL QT

Ao 2 ARl tE At o, Aol #st 7|2 E AL AHE
Bo] AA57] whitel]l <FiE 1-1>0] w2 Aelsioct. T ARIAIES] 4F
A 2EXE BY, A2HGIE2)H =4mA(GIET7) Sol Bol EE o
Ut 2HH Az Aol TGl AIAS HFo] tEHo R =
A, E=huidelie Bz AFGAIY Hlgo] E4 o =4 vEha 3l
1=

¢



16 20194 AldAmlE «iZElolm Alzl=

B A7 3N AL FSHUTE VISR I 2|99 o
A, 37IRE AR, JFAESE S Ul 7R AdelEo] Sk AA,
Z7)19ee] WATZE RS FEHEE e Yo AT <F 13>
o Ael=o] vk EA, w7 FEHTE ke ﬁ%ﬁl{?‘%ﬂ FAA7
= <& 1-4>of Aeatsick. A, AR oFE TEUTE she RE 9

FAI= <# 15> Geleiiitt. viAe R, JekladdEs 59
T2 sHe 23] AN <F 1-6>o itk ols 28 F 27
Ak AT z2e} =ARET T2 HFHFol7] iR 2P S AR8St
AL, a7 PkAEe e 52 A&gely] whied Uit 9=y
< ARgERSlh ERES V12 o= Shal QAR EEo] 2011~2013 =}

59 2015~2017'd AR Apoldl] F-22ozrt dA|57] wize] A=
2 o 3R E AAEGI dR oM 2ARE S T ofely
mholl deolast e ARSSEaL, A& Arole g EY BRYe
AR, LE R RIS dAx HFHTFE £t ddx &
I FARA. ols £42% TolM HEIEHE THeE iMstaL, o

Mt EAIF o7 FoEt U A] dxg ;(].E A= %—ﬁ] Hoz go
A ko Ao w Yehta gtk 2wk sid <o Ey o] B

zo] ZAP} 271906 MEL FAHCR felshl Fola Qoln B
o] Sl 2714099 WAl 240l 42 MAL U2 FsAol
e wohm B % g
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=Y 2011 2013 2015 2017 o Jeojaz)
(N=457) (N=421) (N=476) (N=477) (N=901)
e 20,931 1,544 4,442 5134 20,958
o
(0.957) (1.056) (1.521) (1.585) (1.052)
o 20,200 0.740° 20,58 20,401 0,576
(0.396) (0.394) (0.510) (0,546) (0.264)
s 0.159 1,205 0175 0,004 0.263
v (0.376) (0.408) (0.414) (0.487) (0.244)
- 0,749 1.626™ 0.000 0.512 0,828
T (0.400) (0,426) (0.465) (0.506) (0.262)
0.007 0.001 0,010 0.002 0,004
278
(0.006) (0.005) (0.007) (0.007) (0.004)
20,020 0,000 0.162 20,066 0.006
- . . . . .
log(3187F ) 0.112) 0.116) (0.164) 0.171) (0.081)
0.001 0,007 20,001 0.001 20,003
HAHA HlS
P e | o o) (0.005) (0.005) (0.004) (0.002)
0.003 0,026 0,019 0,008 0.002
o5z
(0.010) (0.009) (0.013) 0.012) (0.005)
o egiole] 0.017 0.000 0.089 0.174* 0.027
(0.038) (0.049) (0.082) (0.091) (0.030)
R 20,061 20,194 0.176 0,359 0.027
0.117) 0.122) (0.210) 0.211) (0.085)
0,078 0.160 0.064 0,447 0136
- . . . . .
Ve s 0.127) (0.128) 0.183) (0.184) (0.084)
0,494 0,356 0153 0,037 20,285
. . . . . .
EPAA (0.265) 0.267) (0.336) 0.377) 0.182)
0,423
1] _ _ - - .
013 (0.174)
1,252
< ] ] ] ] .
2015 021
1,333+
| _ - - -
2017 )
LoglL 2487 2395 164.8 1447 836.6

F 12 pCOI0RIEAT) * pO10(FFRF) = pl0.05(FSHT) ™ pl0.0UFSHT)
BE BYSeM dERE s

he BANSE % UFmEne] 27w maol £
= =

JRFE FiL ok, o) WFEE £d wrSo] WELES AFHow F
23l7] wizol YR A2 Rtk 1 vl Aga WEoh} B
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Al B o 2714l ol 9T T3 ek
<E 14> FeE Bwzsht a7 v g3 B 3
B AT BH, Bz wed FAAR R HE s

7% SEM BE FAH fOEE vold] Bz B

Rl do

1
N
-
o

ol
Tolls SAHCE fFo3t 9TF2 MAA & AR FAHA 3

| 4]
of7)ol] HustAl= FpANE, wio] HF eHaE 25 FEUFE T B3
o
=

s

ol

hs

FAsHol= 1 AWt AnE @A @A vepta 9tk S,

()8l B, 20170l EAH O o

A 2 e Holar itk of¥ HollM Bz S nAd7IRbelu

S = W7IRE
= 2011 2013 2015 2017 g uAEd}

(N=457) (N=421) (N=476) (N=477) (N=001)
e 0.357 2.232 4.270 0.413 0.994
T

(1.156) (1.470) (2.113) (1.947) (3.081)
Boz -0.249 0.094 0.129 0.413 -0.120

(0.458) (0.523) (0.607) (0.501) (0.574)

0,837 0,734 2,465 1.433" 1,755
AR

(0.422) (0.591) (0.674) (0.563) (0.415)
Sz 0.251 -0.680" 0.293 0.843" 0.788

e (0.403) (0.495) (0.513) (0.474) (0.688)
- 0.830¢ 0,778 -0.3%9 0,869 0553
v (0.457) (0.543) (0.589) (0.523) 0.742)
i 0.068 0,462 0.686 0.862" 0,102
11;_}0 —IA . . . . .

271 a4 (0.299) (0.361) (0.561) 0.555) (0.282)
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(X 1-4)9] AS
T = ARk
S 2011 2013 2015 2017 g pAaI}
(N=457) (N=421) (N=476) (N=477) (N=901)
e 0.007 0.008 20.003 0.010* 0,025
= (0.006) (0.008) (0.009) (0.007) 0.011)
0,362 0,197 20,234 0.205 0127
LR
log(187H2) (0.131) (0.160) (0.203) (0.169) (0,495)
0.002 0.000 0.001 0.010* 0.002
Ml B . . . . .
Vet HiE (0.003) (0.005) (0.005) (0,004) (0,004)
0.009 20,007 0.003 0,024 0,010
0|48
(0.012) 0.013) (0.010) 0.011) (0.009)
ol ojolole] -0.069" -0.087 0,119 0,176" 0,071
(0.044) (0.070) (0.095) (0.123) 0.057)
sz n)z -0.007 -0.010 0.001 0.009 -0.003
T (0.007) (0.009) (0.010) (0.008) (0.007)
PR 0,824 0.742* 0.198 0.087 20,007
(0.323) (0.3%3) (0.433) (0.356) (0.278)
R 0.144 0.308* 20,150 20,026 0.371*
(0.138) (0.174) (0.252) (0.206) (0.151)
]7\ g tﬂ = -0.260* 0.071 -0.056 0.089 -0.243¢
(0.148) (0.180) (0.221) 0.179) (0.131)
0.226 0.391 0.179 -0.088 0,853
ENIeEs
B (0.307) (0.386) (0.421) (0.380) (0.507)
O 5 sl
Lﬂ _ _ _ B . -
e (0.244)
1 445***
20154 - - - _ .
> (0.539)
0,780
20174 - - _ _ -
’ (0.543)
R2 0.138 0.106 0,082 0.112 0.062

~ p<0.10(t 10(F5A3) ™ pL0.05(FE573) = p0.0H(F=EHF)
w3

243 * pl,
e Puw B BRSOl ARSI,

<E 15> AelE B} AR plAe 9 3%
4 F3kE B, Bgwro] S| Aol W QlolEn w3
20114 Azl e 2AR Folx] FALCE folat Rl
w3 glor, 20134 ARAME kst HEAFOE 0=0.10 FF

oM SAHLE FoIgh K)ol FFE VAL Qi ol e A= H

ot ok
SR

g
4
o2l
ok
filo

%
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vz S WAHTFE U Bol o|T Aee ARERT Q=) 1

o AT $71R 24E Bzl AR Afole] A7} ok

(£ 1-6) STVt ZAIET ORl= g

Fau - AR W
=S 2011 2013 2015 2017 g <deojaz}
(N=457) (N=421) (N=476) (N=477) (N=901)
e 4570 15.97 -8.008 8.669 7317
o (1.511) (231.10) (2.483) (2.514) (1.813)
Moz 0,994 0.809" 0.437 -0.222 0.736**
T (0.489) (0.525) (0.538) (0.520) (0.342)
S 0.023 11.80 2.059* 1.135 1.174*
b (0.695) (231.10) (1.103) (1.050) (0.565)
N 2,067 13.16 3,579 2.676% 3. 119
o (0.708) (231.10) (1.142) (1.046) (0.594)
_ 1.186%* 1,373 -1.059* 0.698 0,970
sleie] A ‘ ‘ . . .
2715 Al (0.350) (0.431) (0.475) 0.687) 0.272)
24z -0.010 0.011 0.002 0.006 0.000
- (0.008) (0.010) (0.009) (0.008) (0.006)
0,264 0.106 0.288" 0.132 0.211*
(T
log(31872) (0.163) (0.204) (0.195) 0.187) (0.123)
0,007 -0.006 0,003 0,002 0,000
H]A+2] v]S
Vet i 0.000) 0.010) 0.005) (0.004) 0.003)
opig 0,025 0.025 0,007 0,004 -0,004
K (0.018) (0.022) (0.009) (0.012) (0.008)
ol oJelolo] 0.038 -0.056 0.221%* -0.077 0.013
e e (0.043) (0.113) (0.111) (0.191) (0.045)
NA7R 0,022 -0.060 0.861%* 0.618 0.261*
°e (0.172) (0.209) (0.281) (0.231) (0.134)
0.048 -0.298 -0.011 -0.133 -0.144
AAE=Q W
P Wi (0.185) (0,249) (0.211) (0.185) (0.125)
0.204 0.238 -0.070 0.334 0,430~
EYY = . .
=P 0.396) 0.474) (0.440) (0.440) 0.295)
-0,573*
q ] ] ] ] .
2013 (0.286)
-2.039"*
2015 - - - - )
> 0.504)
-1,930%*
20173 - - - -
/ 0.507)
LogL -126.7 93.8 -109.2 -122.6 4831

~ p{0. 1O(?lrf7é§) pL0.10(FEHT) = pL0.05(FZHT) = pL0.0U(FFHD)
EE SN AAUERE A
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H31 QoA Bsh QHREH AR e JFE FolE 7K
10

FANFE SN mARETo) $AHOR Qe n|xE Mgl B

R

F3} WFF RE BARNOE T K ke Holx 918), 2714
_(H

A, AR, AR Tol ARET Bl SAHeR Foldt

ui
2
i
0
o
@;
3l
of
o
o
ol
$
ol

>,
Db
_$L
f
4,

W~

2le Bz} PeblFel el Pl 9ue F
S9N AuE R, B g A5 20170 FE
22 «=0.10 ol FA % A o ARE o)
ek oo o wdE wyel FYAE BACR Fela
A 2R ek el ETek 20159 A E A e =Y
Wb 1 FPAGTE BAROR FolSA e F(He] kg 1ol glo]

AR
A Bze] 4ol PRIFANES Rbolir} &3 hsAel ol

4

% o)

OBL }*(I)J
Jo
ﬁ

ruln &2

(i 1-6) S+7t =0l s oxls I8

FE = FeRIEVIE
ST 2011 2013 2015 2017 g a7}

(N=457) (N=421) (N=476) (N=477) (N=901)
e 5.703 5.174 5.250 3.263 3.497
T

(1.136) (1.294) (1.663) (1.514) (2.345)
vz 0.184 0.097 0,547 0.656* 0.177

(0.450) (0.460) (0.478) (0.389) (0.437)

0.035 0.435 1605+ 0.658" 0,875
A ) ) . )

(0.415) (0.520) (0.531) (0.439) (0.316)
- 0.491 0.331 0.217 0,144 1.333*
e (0.396) (0.435) (0.404) (0.369) (0.523)
—— 0,970 0,164 -0.430 0.010 0.502
- (0.449) (0.478) (0.463) (0.407) (0.565)
] 0,398 0,365 0,416 0.116 0,061

el ) ) . ) .

IR 3 (0.317) (0,441) (0.432) (0.214)

0.006 0.010" 0.003 0.001 0,001
ZAE

(0.006) (0.007) (0,007) (0.006) (0.008)
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(E 1-6)9| A&

FEE = HoRIFOIIE
S 2011 2013 2015 2017 g pAEd}
(N=457) (N=421) (N=476) (N=477) (N=901)
20,103 0.216° -0,280° 20,066 20,065
L)
logL8-7t2) (0.129) (0.146) (0.160) 0.132) (0.376)
0.003 20,007~ 20,005 20,005~ 0.002
I . . . . .
Vet uig (0.003) (0.005) (0.004) (0.003) (0.003)
oR 0.004 0.016" 0.022" 0.006 0.004
e (0.012) 0.012) (0.008) (0.009) (0.007)
T saiole] 0.000 0.008 0,003 0,168 20,017
(0,044) 0.062) 0.075) 0.09) (0.044)
. 0.002 0,010~ 20,006 0.000 0.007
e (0.006) 0.008) (0.008) (0.006) (0.005)
54 9 0.232 0.077 0,717 20,298 0,048
o (0.318) (0.337) (0.341) (0.277) 0.211)
N 20,196~ 0.084 0.027 0.029 0,018
°e (0.135) (0.153) (0.199) (0.160) (0.115)
g 0,447 0,072 20,067 0.109 0.152~
(0.145) (0.158) (0.174) (0.139) (0.100)
20,198 0,760 20,067 20,052 20,104
. . ‘ . .
B (0,302) (0.340) 0.332) 0.296) (0.380)
_1.024***
20133 i i i ) (0.185)
1,353
g ] ] ] ] .
20155 (0.410)
_1 647**::
o ] ] ] ] .
20174 (0.413)
R2 0.105 0.117 0.114 0,051 0.09

~ pLO.I0FZHF) * p(0.10(FZ8F) ** pL0.05(FZFAHZF) “ p0.01(FZHZ)
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24 20196 AlHAEE Zololm Alzl=

Ao Felgh e v Fsha gdek. Sl w ke 1 347
eoro} P4 AT 5 LS 1 YPAE HEeN Bwzo] 540 o
S e WA oie Ao AT, WeRIFUAE AF 2R
g oR folan A, AR A FAHeE fela Ko 7
= wo|xm 3} ke el e AT olA el SR
e A e gol Utk

oVyel B ARHES uH, Beze] $go] WA F 9
At g Astel VA o] i AL oA, AR FEe
obd Aow ueltt. ofdl Folile Seltetom thel S
ezt AR QHbEel @ JbsAe] ¥82 & 5 alrh 23 dlSshe
= vhE 2 Selde wARAT) ofn] gl Polsm Yl v
zie] AT F5A ke el 719 W) Bzl S8l
uhol] Bz 2k 14 Aol S ek Aol glek 137 8
¥, Beze] EAl7h wARRFO] BAMOE feld H+)o] JTe vIA
3 Qleks Aol BT o Aol SlsiA] AR gl wEare
FAFHOR ARHW Biezrt Az wAREEe Aoke] B TP
WISl ol ek,

Bzl Setet ARG A Beh Az 9gFe gt &
eitetel 19 MHTEE B A FFse] Erhe Aol ek
P8 WYTEE O 23 ) P21 A7 ol wFage] AN 3
2J57] w719 W) 2zAEe] B4 olsleh At Qi e g
o JFWAE AW 7FsAe] e, Tulelis Y1) ] Bz

o %
Fow wExFe] A7) W Aol 7128 BEol YalE WS 715
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Sy
gt
Ac)

rdz

o] =t} a¥va B s SR8 P HPo g mEold =

= AL kR, o] EAle A7 w=5x2g el sidE dert 9

. AT 25 Z2ElA Z I 2 A EAV weEge] AeH

A& FA A= e AAHE UM E o] FAIE AT T
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San} 22 mMo| BN wal 25
5 Y WFolA EFezE A ¢ e ek FolE da/do] A
71=aL Jk

AnEd
7174$2019), "Bz EHo AHQY w22 AE SUHEY IR
Ay, PAReEdT ) 25(1), pp.187~218.

Ae71(2009), "Bz A5 olgd A,

eERAAT, 9(Q),
pp.199~219.
% 7F %

=87(2011), FHvtte] Bz Al =277 o] w3 AN
4, aeln A%, (=g dAT+, 11(2), pp.63~105.

(2015), "Bz o] JdFal, IEAIAT s 25(3), pp.
59~83.

°]43)(2011), Bz A7} wAlRA Wl vas 9o, Te%d
A 11(4), pp.1~28.

0]A3] - =87 - gk W4:7(2012), TEF 2 AT =A13A AT}
A Aw JRARE

o143] - P 2

o .
T o T
o} Sy, FE=FAT

AT

Z¢1(2009), 'E5-z 380 ufe

2 A =AY =639 713 di7]1Y

AT wExee] XAl AR F4l, TR, 9(2),
pp.163~198.

#89(2012), B

AR Al o]F AR ol-g k] EAIE A
AP, TARIAAIATF, 22(3), pp.1~52.



26 20194 AfHAEHE HZHolE Alzl=
(B3 1-1) EEO| fpid =
2011 2013 2015 2017
HE gl z | Bz | vl | Bz |z | Bz | dlvz | Bz
(N=412) | (N=45) | (N=370) | (N=51) | (N=424) | (N=52) | (N=419) | (N=58)
JOyeR 0471 | 0200 | 0473 | 0235 | 0533 | 0365 | 0551 | 0.466
wE (0.500) | (0.405) | (0.500) | (0.428) | (0.499) | (0.486) | (0.498) | (0.503)
AR 0.024 | 0044 | 0035 | 002 | 0028 | 0000 | 0019 | 0017
= (0.154) | (0.208) | (0.184) | (0.140) | (0.166) | (0.000) | (0.137) | (0.131)
o 0,007 | 0000 | 0005 | 0000 | 0017 | 0000 | 0002 | 0.000
= (0.085) | (0.000) | (0.073) | (0.000) | (0.128) | (0.000) | (0.049) | (0.000)
*@5 0.022 0.022 0.030 0.020 0.014 0.038 0.021 0.017
= (0.146) | (0.149) | (0.170) | (0.140) | (0.118) | (0.194) | (0.145) | (0.131)
21936 0.051 0.022 0.043 0.020 0.035 0.038 0.079 0.069
= (0.220) | (0.149) | (0.204) | (0.140) | (0.185) | (0.194) | (0.270) | (0.256)
e 0158 | 0356 | 0130 | 0333 | 0139 | 0346 | 0095 | 0.224
= (0.365) | (0.484) | (0.336) | (0.470) | (0.347) | (0.480) | (0.294) | (0.421)
. 002 | 0067 | 0019 | 0020 | 003 | 0019 | 0043 | 0.000
= (0.146) | (0.252) | (0.136) | (0.140) | (0.191) | (0.139) | (0.203) | (0.000)
o 0.036 | 0000 | 0038 | 0000 | 003 | 0019 | 0033 | 0.017
= (0.188) | (0.000) | (0.191) | (0.000) | (0.185) | (0.139) | (0.180) | (0.131)
A0 003 | 0067 | 0041 | 0059 | 0033 | 0000 | 0024 | 0.000
il (0.181) | (0.252) | (0.197) | (0.238) | (0.179) | (0.000) | (0.153) | (0.000)
Aol 0.002 | 0000 | 0003 | 002 | 0002 | 0019 | 0002 | 0017
= (0.049) | (0.000) | (0.052) | (0.140) | (0.049) | (0.139) | (0.049) | (0.131)
Ao 0.058 | 0044 | 0076 | 0.039 | 0.040 | 0000 | 0041 | 0.017
= (0.233) | (0.208) | (0.265) | (0.196) | (0.196) | (0.000) | (0.198) | (0.131)
/‘V%jl?) 0.005 0.067 0.008 0.020 0.019 0.077 0.031 0.069
= (0.070) | (0.252) | (0.090) | (0.140) | (0.136) | (0.269) | (0.174) | (0.256)
29114 0.012 0.000 0.016 0.000 0.005 0.000 0.002 0.000
= (0.110) | (0.000) | (0.126) | (0.000) | (0.069) | (0.000) | (0,049) | (0.000)
A5 0.015 | 0022 | 0005 | 0.039 | 0000 | 0038 | 0000 | 0.034
= (0.120) | (0.149) | (0.073) | (0.196) | (0.000) | (0.194) | (0,000) | (0.184)
A6 0.058 | 0000 | 0046 | 0078 | 0042 | 0000 | 0038 | 0.017
= (0.235) | (0.000) | (0.210) | (0.272) | (0.202) | (0.000) | (0.192) | (0.131)
v 0.019 0.067 0,022 0.078 0.017 0.019 0.010 0.034
= (0.138) | (0.252) | (0.146) | (0.272) | (0.128) | (0.139) | (0.097) | (0.184)
P 0.005 | 0022 | 0011 | 002 | 0002 | 0019 | 0007 | 0.000
= (0.070) | (0.149) | (0.104) | (0.140) | (0.049) | (0.139) | (0.084) | (0.000)
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20173 27 S A ELS Agto] rbilzo] AHHA v
A BBk AT e el Al defe)

(e BAPE el AdeEAlE

Als=e] S4o] defgAlel mA= G
ArBFZEll 7153k QI AFsHiE 1
S BANE o= el Al

AR A e A
Fe B3 A} Fjen w2
12j0] JefEials) gkl 7@(+>91 o
Ao} i Rle] =)

B8} folgh PAIS Holx| Qi) olde] i Anp} Zi= gheje) 5
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28 20196 AlHAEE Zololm Alzl=

I.AE
FAH QS 0] T2ATAA G4 BLE FAH B

e ] e S 00 el i A BAAE
CE T EREEERU A BN SR
) e A Aok Be WANA U 259 Blaag FAA7)T
2}’ (Bryson & Freeman, 2010: 205)”

A Alo] MEA F52 wa g, ARt dh=o] 14 Aw +=
ol ZlEAxk= mWEA FIAIL AT JAL TS FLm o)

Hl 55 F740] WA Feol shjoltk. el Alxdo] 22w Ao A
2817] Sl LeEon FlEie Fa T)ee] AeslE AAY
A AIRORE AN FH T} Solek T el
a5 °‘E1@W°ﬂ ot gAe 4w
o5/l 71gde] Al

=4 o,

%‘f*éi‘rﬁk‘i% & “’Jﬂoﬂ et vl AT t’fi‘lﬂ‘r. OlEﬂ %j%% 7]
e =

=

- 3
e
a4

X J?L
_‘li

i,

E

O

2

%

>i

=2

33 }1:]—% AVEE zjxﬂi @;}L = 224 Fo] LB Al ddshe=
sk QIAIEIE P28 AAlBR Aotk & A7 ol2fdt MlEE T2
A Al EA(profit & gain sharing plans)e] %&re]| F&3slaA} 3}l

1) o]JulE(profit sharing)¥} <=JHi&(gain sharing)?] X}oli= Z}2z} AAAEE o]<]
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AIpEAlE 71, AR T4 T e Aol isEiA BaEs
A Fsh= et AgFo|ck(Newman, Gehart, & Milkovich, 2017). A&
7HA] ATEL AATES L2, Bo AP RE T - FheE] &)
PAl=EE ek o] 7HA 7 B8 o shuE AR Pt YHE
A F8hk= QJMAIEE T2 oAl el F58 et 9l
ol A2 deEiloly 7=l 5 74 gAle RS S22 5%

FretATHE BAF Sof AR (FHATHG SRR ZA Fals Bl 2
=221} 5]/\} =9 O]sﬂ UAE L, dEjFAle] a8k ekt dEA

g Al 700 el AFot eEe] 2aA Zo] 2ed 4 o)

= 715 9Foht vgSe] e Haow Jssoas AHEANS 27
& % ATHAEH - o]l 2018; o]l - AEH, 2018).

2 ATE dEesdrde] 20159 2 2017 ARIAS AL A
AHgSte] AJFhlEA 7 B Al PlAlE 93-S AR AT
o} LE 21| WAl AdTEAI=S] R AAalito] ofuzl, bl
£ AARE AFGAlS] AFiEAE Sl mhe B okgE] BAs|R
gt 2o A e 2ok WA AR AT =SS AvERA o
TS AR, AAmet W AP e AT ool #AARE
AL ATAI} Zhs Felo 25 AT FAE A

il

0. A 2 7

& Al(workplace innovation)2 ull-¢- theFslAl Ao H) 19501t
o] A}3]7)eA2ES A F1doe g slal 22aF Foe B 23T

(Gedolelolt soleh o shrk ol Ay o} Hlgao R shriol
gitk. o & ATHIEAIS olelulat ol e EFe A ow AMgat.



30 20196 AlHAEE Zololm Alzl=

o} 22A4Z] A4S I Wdstele HABEoRA JETE A
A& AHTHOeij et al., 2019). dEHAIL] AofollM 71<SAl, = A
alelu RS Alejgths 22 dEElo] 32 It dH oA
e AR Aol okyet 7]edld FREE aLfre]
ool EAlGE e onlgitt. dE e AdzAs) o|g Adshe
o] BYo] 2He T et YEElolER=E golE Fa S

ARSSERL QA vl=re] - 22AF Fed(employment involvement)y} 31

N
ol
FF
3!
ly
Ik

A3} - Zedx 2k A]2~Hl(high performance - involvement work system)
olgl= &ol7t o da] ARS-HET

ghEA e Azl B Bl & dExl 2702 ZW(Scanlon
planjollA] 2 vehdeh, 2ale Ede A Folsh AL g
H JEE Zade) dgolrh, A 3 A7) A
A8 e sda) AdHen Pelsie Eﬁ—ow ofoltiolz
Aoz FelA itk 202e] 3 & gi8) A
A ASS A9 292 AVisted, ) BF &

o Zalo] 1 sgolie}. 2E
P R
2E& A4 AP dhe AogA, nhelE F-ol(Moore, 2006){— Al AL
Mrwlwu 2el7 Guslels 20 FAo Ak 20 Fae

3k RU2 Awert oyl Wyt 20 E9E S99 Akedy

(Self-control)Oﬂ ofgk Aol Yol dAor Hitus dddstor
G750 (McGregor, 2006), SE31 Hela} A28 2k Aeg FHrlw
th 2 E9e] 78 dFe 97 7Y Tl Sl S o X4l
Zhell tigk Fhel AAIY 93, I2RAE] AFES AFsia JarEH el
F& v 7@9% AAS 7HAoF P ol - Ale 9, Ak v
ol AAAEE FFAH AES] FARE tigk 343 JAE wfEtot
of gth= 34 €3, FodE B9 AEH A2 AEH Shs2 a7et
o= o=k 93] So|ti(Frost et al., 1996; Scott & Davis, 2015). =4}

rg
fo
¢
N
>~
Mo
;
:l:’
:

E



MolEnt LS 31

#os T3 i EFe dE Al tEHER 2HE Sl dB Y
23 g B7REe] #APE iokar Jrte & Qi
13- ol Zrga|zEle] gk A ATES AIHIEAE A <]
I B $HA thE AEEl s Ashks HeA|EA] AIaiEA
&S 7rx3slck(Ben-Ner & Jones, 1995; Cooke, 1994; Pfeffer, 1998).
JHEAIS] A A= TR B oA A, TR I AR A
& e, AT A4 9 FEY i A=, R AIjke] #<l L
olele] F oAl gt wKEH Folot. AFuEAT} e APuds Al
dat= BAEA o] Bdele oAb 2A #7te] fEA 3, FEAAY
3l Aoz o Age] g FX, o|AAR FHFAe] {2l A,
7HQl QIAIE| B o HeF 55 E31 ik ofwk g A =Hl o gt
s iR Sl AR ) A P s = e
= o 84 Fo PR FHEdskal vk a3 - FrefA ZJa|2E ol
o

B AFEL APhIEAEY] YA %S FashAs AN e

o 7lefetar dEs A¥Et vk ey L AdIRIAAE
(ownership high-performance work system, OHPWS)ol| th3} =2]+= A
T EA e Bop S9HQl IS FFzgth(Kaarsemaker & Poutsma,
2006). o]E°] oJ5hd OHPWS-E 242 3Ale] F5hfAlz ¢35
IAF Hstol| 7gkstal, 224F AfE AR AIlE, i A o,
HAEEF, A90s, 25804 34 115 o AgAIEE 744, UiF
deAo] =2 QAAEAIET S AAEY. o] TiES et LdE Al
of TAl A oA AR 278 W FAksi

2708 S, 249 Fold] ZgAad], QU] AR QAT 2 B
T AEe] Aol UANE AP EAlrE S2AF Frofut g - oA 24
A=l 22 dE A st BEdo] IS ANk Stk e
2708 Zdolt Uy AAAGAI2Ee LB AT AAllA ATt

S

HlEAle] Sl g3 Adldog v Axsla ot AruEAlE 4




32 2019 AR ZimolH Al2l=

HEAe] Bg 2A S0 FRSARS AF8e] ALIA0l R
A QA et A G2 ofs) AXE Fa 2RA Sof AL =
of AdEjelle] EIL ATal] o, Aeale] melolt gtk 7]
3 g A T Ed $EHel 21 AT 1 A

‘g Alet AEEA] Rhelli= (el BAPE dEE Slolt. o’k Aut
2o ol wErhd AdauliEAlet dEfF Al BAdA & F AR HAFA
= Zo] WA AIPREATE ARPH R S, S SR} 1He] wA oA
sgluse] oJate FAVTL 2 5 U Aol
wole PudniFo Ry Az} 2
75 EE UN £AE Aaor eheleh. vl A
stk Al AlE dEEAS g JAEHE F2E2A 7
dob #Hao] 2ot AldollA wlike] gejal Heko] o, ‘{?—:1 <=
XP:E‘O] FelFor Pethd HAddgerE Fdeat EA= A7l
d 4 ek 2 o]2HR] =ouy ek gl AAAANA At
Al A IR 395 FAT g A2 2l ofd A
o2 HuEI iFreeman, Kruse, & Blasi, 2010; Kraft & Lang,
2013). St Z19 BIN BE 2EA 1 JEEEe A5 2
e} Aglo] ohleh Wk Asloln], RUFAE oAlshs ER

o] r
rusi'
§3 ul
=L

O

DK
STl gl A9l o Fl AEdThs itk
ol AspiEAEe} EEale] B that =olg aoksld thew)

e dTPde A4 & 9e Aol

7td 1 SIEHEN T2 LEfAC] =F Zholl= F(+)ef BAVE LIEHS

Z40]Ef.,

AP RA sl AEEe] Bl Arhase] B4 wel gebd
5o} ATpiRARe] S4e Aache) Agws), Auhui

(formula), AJZhlEgY o] =27], 7 F 7|, AAHlEAlE ol
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=22} o] So] glti(Kato & Morishima, 2003; Long, 2000). & <35+
= 7HeE As o] 55 ARIEA AT AP Ale] EA) 1, Akl
w9 Fof JHQIE 7 VI, 2Ejal AIhilEEde] =7 wet Il
A7t degAlel| mjAl= &tel] Zpo|7t QeEAlE AHEIR Skt
Al o] Sl At A 2 Al HisiA dEHAlel
gk JQAEE 37} 25 A0 R A58 5 vk AT 2Pg2e] 4
Al EE e cgole] ST 205 walA AAgb 9 o] AL
Aol ARz} AR G4 Aol wet At do] A==
TS deith Al 2P 2o] gle B9 B9t ddsiA Al

rlr

o= AFeh= Beolth o Aol Wl Al 7k Aeizo] ¥4 v}
W AR dHFAS AN FAE ol Qs FhHow ways
& A WA B 5 vk AT ¢ olrk v agoka

B4l ko] A+ &
shel Zltjol &9 Nds AHgshd Al ’&@’401 A= A
7 o] &ollA F71F Aes
o] Ao that A Aol —’,‘—?_‘r/‘é(instrumentality)ol %:OH_E}{— A
< ofu|sit}. gokstA Adaful ¥
Hrp dE A 7] 55 o= 01]%%_ T 0153)\‘:}

ZA QHlEEd Fo] Z2A=H NRIER ofEA I AJAE
A= 7feld sk 7]F(allocating rule)= AP EAIES] Q3+ A
54 F9f spelct. JiIYE &9 Vo B2A e TEw HEH AE, 9T
of mbr] X5 v, TE3HAl 1/n=E v, 7] J8S H7RIA A X
Foh= ek Fol e, Z4 7IEES] A 2= HsE vt gl A
o7 el ltHLong, 2000). o7]ox= AAR o] 545 ARtsiA] 7He]
¥ Grlale oo Eve] FEIIR gt A@Hogs e Hriat
o B A4l 5ol wet et ZoR o 4 e, #Ye]
FEolEA o] =L dYel ol 87HEE Aeetd FAAR 3= o

e
gg?
1>
s
r
=
_Or
_q
d
o
ﬁ
r1o
o

HIZU

m

AN

<



34 2019 AfdAEiE fZEolm Alzl=

@ FE ok ol thE x7lo] FUshH AE BHE AFe WA
AR vls} Qo] AeATA AT 5 ol ReA BAIE Fol
4

Aol A JAEE 35 Y ¢ Qo IO o
H ag 7leRY e Friks Ae 7S 2t AAYhilEAl s
Hyle] =9folt gt Teja & A<l <
A3t 7| &g 7)) ZHIE Hriabs AlEel Aol dE Al
T A(HY AE A5 F Us Aok
ko 2 Agapadael o] e AaplEAlee] Fagk S4dol
Ao g ot Uy A2 Aapdsde AdAEE a7t A9 gl
AR 47 5T = ot F71Fo o<l ZIdiol&e ids e
Aapaj R o] F7)= frel7K(valence)oll t-S-Et. e FFol gk A
S7F QA AelEa o] S5 eVt S7FsiA 7ol &ellA
&= B7)Ro] Awr} Zolxlt) A3 T % Heneman et al.(2000)°]
*éﬂﬁﬂ"‘?—%@w] A7) Hag A8 5~10% ol Hojof s7]Fo &
7} 9l AiplEsde] 277t 45 F1Fe ade HlEHsiA St
Sl A4k Aw FAg WetolA A 4= Qltt o] =955 8

.
okshel bl Eele] S F4EEE RS SRR S48 Aol
[}

2

F

il
E?i'
ol
g
i
m:

O
re
ii
‘;

O
i
—l>
o,
o
s,
o
=

7td 20 JupiEAC] MT SEER LESENDe| BATE BEA LERY
Z40]EF,
7He 2-1 JOpElE AREAI2 HESAe| =0 H(+) e BAVE UE

Z10]E},

7t 2-2: 7HOJIL47PO1I =8t &t

on
Ral
]
ro
no
o
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>
Jo
4>
M
i=]
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Io
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. Alze} s

1. X &

B ATE daeFaTdo] AARE 20153 2 2017d% ARAlE R
AL AA5E AREEEITE A A Aol o] e TS
AQlakdar, 2015@3 201730 25 ZAME ZF w2k} 1,1917] AR
A 232 A 2,38270 AFQAIE BAAER AT oirt < E4 el
ARERE bR FA R 23 WEE T ASXE AG BERORE 7}

A% 1,16970 AFGA|, 23] A== 2,3387] AFdA|o|th

Fausel Qe Feld Az A5 SHskarh. A

off theh =ofellxe} o] AFAFE0] F2 o] Folxld wl=olx] o

2
A At HYER TAEHTH, o] Sodxe AdFH ARt HYES
A|2]gt Zedz] Z=ZZ](high involving work organization) 2 UE|EAl
< S48kt Fod Az dejs 22Ake 9 we dwstd
el HHS Al wt Adshk= Aol gsk= vldeTFo A &
Az7] Ye)ol Agvlto]ck(Felstead et al., 2010). 222} Fol7} Fzu)=
ol Adzze S22 9] ol Aa-S Azl de= vk 2
22 9&e gle W LYol dol FHolY B T Al
A e} A2 o] dAder el dF 7 4F-E =F
gtk ol gz e] el 54 AFECAN & vehd=tl, 28kl

o

o] EZHQl AE = AE&2FIE(self-management team)o]w] © Zz}<]

O
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Frede] ARl A= AR E, AF9EE o], AAEFEA(TQM
I:

7ol 4]

=

ol Adz] W S0 ol AJHE Wese It AeE
zZgetsint. S7he] ofF zAdade Addy, dAEEdE 25, A
M, lsEd A, AFH =g oMol AgAId AR AT
SEFS AANE, ARy SR, W8dR, GYIET, AlE ey
AFTY & Grad S Hg |, 2193, BRI XXN(TFT) & 45-a
d 7S flsl Aol aQle] a5S el AR e® el e =
FU A A ARlehs E o= Aoatal, Ahd g & B3k A AR
A2 FNA, A o, v8EA, A Bt s B EAlsi Aot
MgEs 93 2fddss AAsisU7b = AEstal ok 239

1

S5 AT ST Al

d

SAshech. AHEARE BEe A W V)E 9 Age MELR
Y 9% TS 298

Z2 (22~ A)71n}-6-Sigma, TPM, TQM
73

T QFUrbere A gty $a

rot
%

ot

2

& o
>

e

o

1o

b
N

of\

rl

&
2
=

o,

o

4

N

gk dul= 0.6282 YEpsith
SHHT 2 e -t 2ok ARl AR AR EA=S
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ol
o
oX,
&

=
==

N

ks

sk A= Aelsar Qv oA ARGl els)

J

JUS}

rr

T2 o Ar o]t ofullite] FHEEA| o= idoltth. ARIA
WA AIEAES] S AEd 5, APiEAET) kAl S5
gk gl SAsA Adal] Aol A oS AEskar, Ads) A
S AT S3e Aol @A AehlEA s SHES HEst

!
3o

=
Itk A=) S gs AR AP e A o, Akl

o BT o] of= HweIX), el e B Sz )

2

o

—_L
=l
M AT o 5 ATelu otk B ATE AEALe] EA) 47

[
N

Potsh sl 4] of CnlASE 22t Agshela, oA el

BAE NG Aol BN AT 2

o] EABHE A% 19] ghe FofR WA Tnl, Jjend Brhel S

1) ke Folgt WAEAT W, T2 o)

waelo] FRUTe] 100% olel A 19] ghe Foiat el
orlaE 2gster

FAWe] e thest ek AR TR AN A 1R

o

AAIZRE A3 AT A 22A S0l mEEGe 27

oft

A5 19 3 e Tl 34 Absst e FEAlE A 34

H 0~20% ©|vt @ 20~40% V%t 3
40~60% "M%k @ 60~80% T B 80% ol el Zt 77+ S WMo
TS FAsIA WrE sl AT SR A 224
the] I, o991, e|ar v ]lEe] AXs= HlEE 27
S olHEL AR AT AA| Z2A; ] Ak o] H3 Z=At

=1 -1 j
Hlgolth, 243 xde] Wl QAR dAEH Hide 9

© g



38 20194 AldAmlE «iZElolm Alzl=

A2 23, 24, 25, 29, 30, 319, 3}k 19, 20, 21, 229, A7]HA= 26,
27, 28W1 F=ol| 24zt 19] g Fofgh Tvsel, ST e ol
O <& 2-1>2 o) At vFEe] 2 T ast ZleEAE AT
A - 3 ATEAE AA] o R Blasia AL Qi At
HREA . i ARl A o ol Al Aot T BdE
< vlashd 7o) 7 | A o7t Bl A AIpilEA =} A A
%

shj g AR AldAle]l DA JErh A v gle.

(& 2-1) H=2| V=S

2 RlEA = 2dehllE A A
o e | HEA | A
(N=1,723)| (N=615) |(N=1,839)| (N=449) |(N=2,338)
2] Az = Z] 2=
f:; o 1{2};]27 129 | 214 | 133 | 227 | 151
2HF (A 0.35 0.55 0.36 0.57 0.40
N FEdE] EE(%=1) 0.32 0.48 0.33 0.49 0.36
A= (2-%=1) 0.32 0.57 0.33 0.61 0.38
P FeEA(EAI=D 0.19 0.28 0.19 0.32 0.21
A2 ZeolA(EAI=1) 0.12 0.26 0.13 0.28 0.16
AREA = 2e=1) 0.00 1.00 0.09 1.00 0.26
Al AR(AFs) AAl=D) 0.00 0.73 0.00 1.00 0.19

2) AR DA 31 2% AT ASAE UT Wol thE 29 W58 AHE

Eipie
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(E 2-1)2] A%
Al EA = AR Ax
(N=1,723)| (N=615) |(N=1,889)| (N=449) |(N=2,338)

AP TrECE) 171.0 | 2836 1779 | 3029 | 2020
== 0.21 0.36 0.22 0.37 0.25
AR JEEAR A EAR) 23.8 265 241 263 24.6
AN FZE O} 23] 2FE=1) 0.16 0.33 0.17 0.35 0.21
FERIE 34 AEst A=0%0) 58.7 59.8 58.9 9.3 59.1
55A| o 1E o1E vl 0.14 0.11 0.14 0.12 0.14
o 21 vlE 0.26 0.20 0.26 0.20 0.25
2P B AP vt Ble 0.10 0.14 0.11 0.13 0.11
Rt o2E 0.21 0.16 0.21 0.14 0.20
Hol&] o HEx] 2|2~

géﬁ Eglj";;];;_@ 337 | 351 | 338 | 353 | 341
AR ZRA(EA=D 0.47 0.62 0.48 0.61 0.51
AEr(E 23] 2k, etk 9) 7.92 8.02 7.92 8.04 7.95
BPHSIC 23, 24, 25, 29, 30, 31=1) 0.16 0.18 0.16 0.19 0.17
Z2(SIC 19, 20, 21, 22=1) 0.39 0.36 0.38 0.37 0.38
A7|HRUSIC 26, 27, 28=1) 0.19 0.20 0.20 0.18 0.19

A ARIAIE AL 2015~2017',
V. #4723

1. Aol Ex =k LES

ol oA bl Ao e Ws £33 o
[e]

e Blaat Aol [ 211 [17 22]elek. of7]olA @A)
2 H SRS 27 2R 20159 20174 HahulAse] 25

R A 4] iR E Ui, SR Held 4exd A5 &
A% YA deigale] Aolek. (17 2-113} [17 220004 B2
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£ 3 Al B4e dEE 457t AAlew B sletsiks Foldh. o
BlSA A FREERADO] 1510141816 2d Abolo] A5} 0.28
Sere e ol B sk otk AT} RS 24 we o
=A% A AGANIARE AHg3te] YEIHA 2AE 243 ATEE

e
o,
o
2
)
_i?
-
4o
X,
)
Lo
U
ol
ol
S
p'L
R
O,
>~
>,
[‘U>’
|
m;'i
k":‘:
=
>
2
1

B EAlo] Hastal Ql=A] by dEollA TAeh= E’ii}% 71&e] A
o Z ¥ASA] Kot YeAE dufulol & i Floltt. A=
716l BarshA] A 22 7Rkl 7= AFEE e 7 skt
A= /‘V'Olt‘r F7HAR1 A77F BRIAANT gk Al &eo]
oJEthes 7t A71E = AT
Fo8 AYPEAETE AE QY AIlES AS AAsHA e
B dElgAle] A stEtele b AaEAI=rt Alg EABEAG
Algk 9= dEEle] ot STk Aol wishrt gloke Zle]
o} olEgh Ayl ARl LISl IR FEA A
BAE =o] dEFAI moldt FAF aE|a E&e SARAY JEAFES
nd Aolgks & A7) 7K AR IulEA =t vkt A= A

I

1
£ 8 e

r

|

‘

o
e
X

=
b
24

(O8] 2-1] MIMHERE RO et R AoiA Helxa| x4 wal

2,02
1.65
1,43
.28 1.37
IIDB I

o W | H—-® HH
w2018 w2017
F: Ak $= w3t 3 SAgE 76070, 19070, 11070, 13170, 1,1917] AFFA.
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717 S AR Bk AR Bols dEEA ot o
b S7FHANE 2wk, 5 AdehEAr et flolxl B STk
S AN AAEHA] e ol dEEA] ARt g s As
AR Atolct. TRAIS] e Bvke 24T 5 Qe [MH]
o] A5 AHHAAE wstellA Wl F79] [E—ME]o] A5 dEFIA
= Wsle gtebd, AouEAE S5 AR AA] o 25 gk
047 == 2/ vehdtt. ARke] S50 mhe FAAE Al7skaL /‘éiﬂr‘iﬁ
BRI} Ao vHE e G Ax) gtk de HolF s
A2} shAck
<3 2-2>9} <3 2-3>2 AT EAlel AEF o] FAl gt Hd5)H
EAAToch <E 2-2>% HIRAE fF7), LRI <F 2-3>2 A
i AL o7} Sl eIt FEUgE ol Z}?jﬁv‘ A= 24
& Qe Eloltt. 7kt OLS, 1AET, WPES FHAHE wF A
S8 & aa
m§§$hwiﬂ4&dﬂ sdAellr argdavtel MPEs} 34 2
ezt BAE BAR 2% R skt A%l ASA v
735 FholAse] 2k 55.5(p=.0000)}

¢

2
k1
(o3
jn
o
s
f-z
It
>
>
2 oz
Ju
o

(O 2-2] 42 2Al ofR Bt R HoiN MNAXE X Hs)

244 2.4
- 210
.82 -
146 o 137
I115 I
m H5-H W 75 5o E A
22015 =2017

Z A S wsl 68 SAUE 86570, 12070, 957, 10270, 1,19170 AFdA).
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54.3(p=.0000)0= Yelt} F 749 BF AYEH FHRY 1g8

o] t] Aget FARFS Z o vttt webr] nAdat % A}l u}
2t 232 siMsfof shAWk g flsiA] WHES FAHATAE A A4
sFSIch <3 2-2>9} <% 2-3>9] I A= JRplEATE dE Al
7§98k H(+)e] TAS Holx o] <E 2-1> F [ 2-1]7% [2¥

2-2]¢llA %ﬁi?: 7= Al At TYHA vERt A HE 18 AAg
SARTES] a9E AyEd 4 mExde] BF fo3k J(H)e &
(F 22y XD} MIHIEME |2
TET = Fofd AYPxA] A
QLS yA ey} =k

Coef, S.E. Coef, S.E. Coef, S.E.
AdaEA= 0.572 *= | 0,062 0.423 == | 0,092 0.535 ** | 0,063
AR T 0.000 *=* | 0,000 | 0.000 0.001 0.000 * | 0,000
) 0.319 == | 0,076 | 0.651* | 0.285 0.327 ** | 0,087
AP 9 0.006 ** | 0,002 | -0.105** | 0,024 | 0.006* | 0,002
A o 0.207 ** | 0076 | 1.259 1.003 0.211* | 0,089
IA 2 253 A= 0.006 ** | 0,001 0.007 =+ | 0,002 0.006 =* | 0,001
2518 vlF 0.091 0.188 | 0,041 0.284 | 0,068 0.191
o3y viE 0.037 0138 | -0.035 0509 | -0.045 0.157
vl vlE 0133 * | 0056 | 0.163* | 0.071 0.141 *=* | 0,054
oAE 20,017 0,028 | -0.022 0.032 | -0.019 0,026
EYE R 0.260 ** | 0.039 | 0.163** | 0049 | 0.228** | 0.037
ANEE] S8A 0.170 = | 0,055 | 0.236 = | 0,073 0.193 == | 0,054
dETE 0.739 = | 0,167 | 0.601 * 033 | 0.713* | 0180
s} 0.038 0.085 0,037 0,099
= -0.029 0.072 -0.031 0.085
774z} 0.088 0.083 0.087 0.097
20173% Tv) 0,230 *= | 0,054 0.235 = | 0.044
> 6,008 ™= | 1313 | -2.482 2523 | 5750 = | 1.409

F./Chi2 36,8 10, 1% 519, 0%
R2 0.212 0.103 0.212
N 2,338

T (.01, *p(.05, *pl. L(two-tailed).
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TEHT = Fojd AQixA] A5
QLS ke A=}
Coef., SE. Coef., S.E. Coef., SE.
A AA] 0.663 ** | 0.069 0,507 = | 0,101 0.625 ™ | 0.069
Al R 0,000 ** | 0,000 0.000 0.001 0,000 * | 0,000
wFEgt 0.316 * | 0,076 0.647 = | 0.285 0.323 == | 0.087
Al o9 0,006 ™ | 0,002 | -0.108*=* | 0,023 0.006 ™ | 0,002
A o 0.212 = | 0,076 1.204 1.002 0.214 ™ | 0,089
2A o) 2153} A 0,006 = | 0,001 0,007 == | 0,002 0.006 ™ | 0,001
el ni= 0.044 0.187 0.020 0.284 0,030 0.191
o3e1g vlis 0,052 0.138 | -0.081 0,508 | -0.059 0.157
v HlE 0.144 ** | 0.056 0.168 = | 0.071 0,150 = | 0,054
A& 0,015 0.028 | -0.021 0.032 | -0.017 0.026
Y8 AP 0.258 ** | 0.039 0.160 ** | 0.049 0.229 = | 0,037
ARE2] 32A| 0,187 ** | 0.054 0.246 == | 0,073 0,208 = | 0,054
=TT 0.604 = | 0,168 0,604 * 0.333 0.678 = | 0,180
3}k 0.036 0,084 0.035 0.099
=54 -0.031 0.072 0,033 0.085
A7) AR} 0.100 0,082 0.09 0.096
20179 g 0,232 == | 0,054 0,238 = | 0,044
Cin 5.695 = | 1315 | -2.421 2519 | -5.464 ™ | 1,409
F./Chi2 37.3% 10,5%* 5290+
R2 0.215 0.106 0.214
N 2,338

=01, **pl.05, *p{. 1(two-tailed),

5 Holal glo], mFxde] ZeYilde 9% PIAA @y 23]
A S rRtE Aok dixA]] s HolErh (e - olql
A, 2018; o]1A - ZEHl, 2018). A8} = FofH 2z ko]
Al M= Aol #AE dSshes 8 M= AEsb7t =5 tiAl
L =gake] S wiAlsh] wlitell F(-)9] #AE oSk T30l 3=
Nad AFsst e dElEAY F(He #YE 04?01 Akt
SiE Fikehs AFEsHAEIL)S] AXE Bolae Ao sy

o
)

lo oy
2 *
M

n@
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ok 222 2909 A7 S8 WE2E e EUF AbERle] UE]
7 (o] BAE Hol= 2l Bldt vz Hol=u] v vle
T A #AE Bole AL 31 v AR 35 37 A9 et
Aoz welth Qdud #HsA dFg<Ee] F(H)e] #AE Hole 32
AP o ol eyt ARFE SREAIE (1) BAE Hole A Aol
HA Stk <& 2-1>9] 7|&EANA AR S8AlE AdaeEAlrt
AtGAA fteH o2 ot

2, dropiEse Sdu 2ESN

oo F ) b ArhiEAEe] S4o] deEel] rlx o
ol 4ol Rolek= Aoleh. 5 Yohij 2g2o] 9= A%, AeE 3
HFE AR A5, AhiEEele] 2 A9 deigad A 95

"

o] t] F Ao dE3r. <& 2-4>+= 201537 2017 Ao 2
Mg ARIAIS] Arpel Al 59 FofF] 2] Aol RS Ho
FAL ATk ofel ofabH A7 264 <)S5E nie} o] IRl A
2, A 7Rk A, 2ela Adepiesee] 2 A9 dHHA Al
7HHl A vERdTE 9] Aol 543 A ke Sedeihi
W A= 524 afe] BRIA v 55| kel o3 Zuel
A& s 9 = Qv [H 23] AdRhiEAlze] Al 7hA 54
o] o/ =] TFHL J=AE A=EE EARE Aitolnt. 7o)
A vialRE Al ZHA ARl 50] shu EAsHA] S BeE o

gt AT EAlE SA9E A F9E gktehd < 2-4>9) 7fEF A

!l

o] FE e A Aol vli s o Fel Bast ok

j

- *l

e o 5 Aok ol N Al S0 wagthke maRE A
2 A E47 2HEE o] A4ws Wold a A Alw 549

3) 201537} 2017d BF AATHIES Al A= 1207)] ARFAII], o] FEolA
2015\, 2017'd AZhlEAIEe] A Wals vu]sA ddiX o] on] gle Aow
RBo] FAekxlg 2o g A8kt



Aot LE{EH 45
(i 2-4) MiHiEME SMYE Foid RHATE K|
2015 20173
ot 2iz2] ALl Zhofa 2lgiz3] ALl
2~ I~ 2~ 2~
A& T A T
o
A Ab) B 1.97 73 1.96 93
e 2.45 133 2.46 130
FRotuiEA] o x} | B 213 137 2.10 145
7 AFsARE e 2,55 89 2.54 78
Foll Ly 2,19 133 2,14 118
AT 100% | op 2.45 %3 2.37 105
ZA) 2,30 226 2.25 223
[ 2-3] MuHHE MA| ARl MoHiEME S 2%
[20154] [20174]
— ___"“a\ — ____"‘“\\
S7oama J7oaEa
mag [ 19.5% / 15.2% \ o oishE
M2 f———~ | P N 18.3%
// \ 19.0% //' \\\ 17.7% .'I ‘\\ // |\ 12.9% /,/' \\\ 19.6% .'I ‘\\
/ \ VR N Y / \ 14-9%, N N
/ \, ’ '-.\ / \__\ / / \\ .’ "-.\ / \__\
flf \\\\ I|,' 11.5% ‘\I // ‘.II / \ I|,' 10.3% ‘\I // ‘.II
\o62% T~ 93% | | 6.3% T—0 —1 121% |
\ s\ 27% [ syea [\ pemar\ 54 syea )
L RSAZ N\ 100%014/ LARSAS N 100%014
~— < S e > e

I3 52 B 4 glvke ol o] APS ARIEIA < 2-5>

ol 7 A=

<& 26>9] FAAE ¥

= 2]=0
';AJEE

@At ow 7

soh Al 54 34E W FY Ao masa gk

|
<3 2-5>9} <% 2-6>2 H

=
E4d0] A A= %Y

B

jus)

l

o] F A AT, = AThRAEe)
Sko

| Aolat Roleke A3 welE 5ARA

Axfolct. <E 2-5>& 20159 A8 T2|a <E 2-6>2 2017d% A48
, B 1~EY 32 7 Arpelld A Bnl, 17 ARs A, 8

239 218 A0 FYst 2 dolie Al /b SARSE
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7 BdsiH FAHsIe BE 42 7o g 20159 #EI 20174
oA 3FHoR WA E S TASR Vst vhat 2t 5

Tl EAEe] 54 Folle MelE 7 7o 2A JR1E7te] 719kl 2
SAEC] Al 7HA §A F d#EA FdsAl dEEAT H(He dAE
BRItk e riass &8 FUdsat A4 slart JHdE o =2A
A e B Gl F8sIths Ae HoErial shalvh. Al

03“_, 25

N

(E 2-5) MOMIErE SN0} Zois MZa| 20151 Ee

TS = 2015 Fodr AQlxA A
231 &2 233 234
B S.E. B S.E. B S.E. B S.E.
A kg2 314 | 190 223 .190
NI} 2FEAF 548 == | 182 511 | 186
EARIF 100% o) -.029 191|011 188
AR e .000 .000| .000 .000| .000 .000| 000 .000
sz 634 7| 230|583 | 227|655 | 233|572 | 230
AR 49 .009 .007| .010 .007| .009 .007| 010 .007
g o 468+ | 204 535 | 202 470 * | 206| .529 **| 203
A58 A O11 = | 004| 013 =*| .004| .011 **| .004| .013**| 004
a1 vlE 1426 | 793| 1.417* | 781| 1.405* | .803| 1.427* | .788
SRR 277 .563| .076 553|168 565|158 .558
v BlE -134 334/ -.139 .329| -.189 .336] -.104 331
ol-E -838 " | .480| -.960 ** | 476| -.792 482 -982 | 477
=99 P 227% | 137 186 36| 244 | 141 179 .140
A2 3 8A -.052 .1835| -.051 .182| -.012 185| -.076 .183
T 1111 * | 514 955 * | .509| 1131 * | 519| .955* | .513
3}s} .210 260 184 255|182 261|205 257
=34 .083 250|042 244|029 .250| .080 247
A7) 528 | 306 .3%6 302|476 306|429 304
3 9.185 ** | 4,037|-7.882 % | 3.999|-9.173 ** | 4.086| -7.995 ** | 4.034
F. 7.006" 7,602+ 6,749+ 6.815%
R2 .29 319 290 317
N 226

120154 AIHIES AAIEE ARdAol ghd. #p( 01, *p(.05, *p{ L(two-tailed),
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(i 2-6) dopiEdE S4ot &ody A=Al 2017 22

FEs = 2017 ol Az A

231 232 =33 234
B S.E, B S.E. B S.E. B S.E.
Adehai abg) .230 185 197 186
NRNF7 A A= 388 = | 190 364 % | 191
Eakola 1000 -.063 .187| -.061 186
Al R .000 * | .000| .000* | .000| .000* | .000| .001* | .000
R 322 .238| .336 .236) 321 238  .336 237
Al = 010 007|009 .007| .01 007|009 .007
g o .005 .220| .018 218|027 222|016 220
a1 vls .38 698 504 697|316 703|508 703
o3y vls 374 603 | .39 600|345 606|400 602
v HlE 305+ | 138|299 | 138| 316 ** | 139| 297 * | 138
oAE -.275 515 -.313 511 -312 517 -.300 514
EYP R 463 | 123|440 | 122|465 | 123|438 | (123
AN S-gA .287 00| 341+ | 183] 313 ¢ | (189 .319* | 190
AFGE 1042 * | 523]1.054 ™ | 520 1.078 * | .527| 1.050 ** | .523
33} -158 287 | -.199 .286| -.156 .288| -.207 287
=5 -227 262 -241 .260| -.250 .203| -.225 .261
A7) A -.018 286 | -.038 284 -.024 287| -.027 285
3 9.105 ** [4.211|-9.152 = | 4.183|-9.287 ** | 4.233| -9.159 ** | 4.200

F, 5,194+ 5. 424 5. 069 4,868

R2 232 242 227 .239

N 223

F:20179 ATlES AAISE ARFAle g, =p( 01, **p.05, *p{.1(two-tailed).

® Age 0ol $EE Holt BAHCE folsA ek BANS
oA Fgel B £, BUY VPR, 2en QEsEe] Fuid
Al U ST Aol BAZ Holw glow A BAlEs
fpde dvE @ues wolx) vk

of

:
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V. QoF ul -&1—_9]

e P - |

e

AT ATREAE QS SHsH 719 W QAL ]
9 5 Qlrkes ol FEA. AshilEAls Qe o] e F7h40)
e 22 23 BRI A9 29 ARA g, o
& A} 2he] ofs) XS, AB|FAle] kst e
eIt Q] $e 5 gl ThE Hol 31 v
2g3tel, LISl ofe 2EAES] BYS ¥l
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Ve
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= = e B
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v z 2L e
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o LFU
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3
ri
2
N
3
%0,
i

el
2
e
kil

o
o] w4, B, £ 7P5Ao] B, I A3t T WS Zhof
Zolct.
o] ] ojg

JATES AES F ATHEE 2l

o
o
+
N
o
4,
)
N

r> i

2
2
-0,

3 #d FAER A , &

FAT-HE 20153 2017 AGA S 2=AL ABE ARESES] AT A]
7} FodA Az AR S il e JEks EAe 4
7 ARl dEjFAlY Elzels RiE APlEA s dE LS 7t

A7 4
of ol Aok Z=AF o FAldl i 2Us Eol= ol8ut YA
[e]

H
(pay for innovation)o. 2 7|58 & uh= S AAsh= Adolt}. Alwt

A= A S48 dE YA rAE dFe] FoldAlE dx=d ¥

SRS ARSiA AR A3 JiQlE dY Ve R ATl ZIRket
AN A 7Iee] dHEHA dE A H(H)e] BAE B3 o
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This study investigates how adoption of new production technology
affected the hazard that employees leave the job and how the effects
differ between old and young workers by analyzing
establishment-level panel data that were newly linked with
administrative records on individual workers. The results suggest
technological changes (indicated by newly-adopted automation,
expanded investment in IT, and increased purchase of IT equipment)
positively affect the overall employment of incumbent workers.
However, the employment of aged workers is less favorably affected
by newly-adopted production methods compared to that of the young.
The relative disadvantages of older workers compared to younger
employees were observed only among males. Technological changes
actually increase the retirement hazard of older workers absolutely as
well as relative to that of younger workers. The employment effect
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Preliminary draft prepared for presentation at the Korea Labor Research Institute
Conference. Please do not cite without permission from the authors,

** Chulhee Lee = Department of Economics Seoul National University(chullee@snu.ac.kr)
Jongwoo Chung = Department of Economics Seoul National University(econjwe@snu, ac.kr)



54 20196 AlHAEE Zololm Alzl=

variation depends on the choice of technology variable. We also
found that the interaction between aging and the influences of
technological change differs by the type of the newly-introduced
technology.

[ . Introduction

How will new advances in technology, often symbolized by
artificial intelligence (Al) and automations in production, change the
labor market in the future? A few studies have investigated and
predicted the labor market consequences of the technological changes
of the Fourth Industrial Revolution. Debates are ongoing on whether
newly invented machines would radically replace human labor and on
the kinds of jobs that would be wvulnerable to the effects of
technological changes (Autor, Levy, and Murname, 2003; Goos and
Manning, 2007; Graetz and Michaels, 2015; Autor, 2015; Frey and
Obsnorne, 2017). Recent studies have investigated the employment
effects of robot adoption (Acemoglu and Restrepo, 2017; Lee, Decker,
and Chung, 2019).

Growing evidence suggests that the labor-market consequences of
technological changes, if any, will probably be heterogeneous across
jobs with disparate human capital requirements and workplace
characteristics. Given that aged workers tend to have more obsolete
skills, to be less efficient in learning, and to be less mobile across

jobs, compared to the young, their labor-market status could be
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differently influenced by rapid changes in production methods and
managerial practices. As for mechanism, as will be suggested below
in detail, technological changes can affect the employment of older
workers by changing their relative productivity and by altering the
quality of the matching with their jobs. However, only a few studies
have empirically investigated how technological changes affect young
and old workers differently (Bartel and Sicherman, 1993; Friedberg,
2003; Aubert, Caroli, and Roger, 2006; Lee, 2015), compared with the
attention given to the differences across workers with disparate human
capital or skills. No evidence regarding the issue has been suggested
for Korea.

The primary purpose of this study is to investigate how adoption of
new production technology affects the employment of older South
Korean workers, by using establishment-level panel data that were
newly linked with administrative records. The Workplace Panel
Surveys (WPS), conducted by the Korean Labor Research Institute in
2005, 2007, 2009, 2011, 2013, and 2015, provide detailed information
on each establishment, including variables pertaining to workplace
innovations in production, organization, and human resource
management. The Korean Employment Insurance records matched
with WPS offer information on wages, labor-market transitions, and
personal characteristics of the individuals employed in the workplaces
included in WPS.

Using the data, we investigated how indices of new technology
adoption affected the hazard that employees leave the job and how the
effects differ between old and young workers. For constructing
variables on technological change, we utilized responses to the

following three questions: 1) if new automation was adopted, 2) how
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much investments in IT sectors increased; 2) and 3) how much
purchase of IT equipment increased. We included in regression
analysis each of the indices of technological change and its interaction
with variable indicating if the worker is an aged person, along with

variables pertaining to personal and job characteristics.

II. Theoretical Background and Related Literature

Conventionally, researchers have used the factor-augmenting model
to formalize technological change: the model assumes that
technological progress makes capital or labor more productive. In the
factor-augmenting framework, if automation acts as if it augments
capital, it could increase the labor demand or the equilibrium wage.

However, the factor-augmenting framework came under criticism
from many viewpoints. Acemoglu and Restrepo (2018¢) criticized that
the factor-augmenting approach does not explain the feature of new
technologies: automation or robot adoption enables capital to be
replaced for labor in some tasks as well as increase the productivity
of factors. The factor-augmenting concept also has an unrealistic
assumption that technological change makes all tasks uniformly more
productive (Acemoglu and Restrepo, 2018d).

Acemoglu and Restrepo (2018a; 2018c) proposed a task-based
framework that new technologies affect the allocation of tasks to labor
or capital. In the task-based approach, technological progress can
reduce labor demand or wage, even though it makes the production

process more productive. It also has the advantage of considering a
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new task in which labor has a comparative advantage against capital
(Acemoglu and Restrepo, 2018c).

Using the task-based framework, Acemoglu and Restrepo (2019)
classified the effect of technological changes as displacement effect,
productivity effect, or reinstatement effect. The displacement effect
means that technological progress takes over tasks that the labor has
been in charge of. Thus it reduces the labor demand and the
equilibrium wage. Specifically, Agrawal, Gans, and Goldfarb (2019)
argued that artificial intelligence (AI) could substitute capital for labor
engaged in a prediction task, such as forecasting demand legal work.

The productivity effect means that as technological progress leads to
reduce the production cost, non-automated labor is more demanding.
The effect of productivity growth on labor demand represents the
balance between displacement effect and productivity effect. In
addition, the displacement effect of technological progress can also be
counterbalanced by new tasks that technology creates. If labor has a
comparative advantage in a new task, labor demand could increase.
Acemoglu and Restrepo (2019) called it the reinstatement effect.
Using a theoretical model, Acemoglu and Restrepo (2018d) showed
that the displacement effect dominates the other two if the cost of
capital is sufficiently small. Otherwise, if there is a long-run
equilibrium with balanced growth, technological progress, and the
creation of a new task can go hand-in-hand.

Empirical studies have shown how technological progress (robot and
automation) affect labor-employment, labor demand, or labor share of
income. Assessing the direction of causality between technological
change and labor has been a challenge in previous studies, as new

technology adoption is potentially endogenous. To address this issue,
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Acemoglu and Restrepo (2017) and Lee, Decker, and Chung (2019)
used the robot usage of nine European countries as an IV to
investigate the effect of robot adoption on the US local labor markets.

Graetz and Michaels (2018) matched occupation data in 1980
(before robot usage is prevalent) on robot application data in 2012 and
constructed IV, which defines whether a robot can replace an
occupation. They also used a measure of how much an occupation
requires reaching-and-handling tasks (prior to robot adoption) as the
second IV. The validity of the second IV is based on the fact that
robotic arms are a representative case of robot adoption, and their
main tasks include reaching-and-handling.

Some studies have shown evidence that the displacement effect
dominates the productivity effect. Prettner (2017) found that
automation explains 14% of labor share reduction during 1970-2016
in the US. He also argued that automation might accelerate the
inequality between capital owners and job-losing workers over the last
decades. Autor and Salomons (2018), using four decades of
cross-country data, examined the impact of automation (industry-level)
on employment and labor share. They found that automation
reallocates employees across industries and has a negative impact on
labor share for decades. They also showed that the falling rate of
labor share is steeper in the 2000s, but it is not clear to explain by
productivity growth mechanism.

Using robot exposure on the industries between 1990 and 2007 in
the US labor market, Acemoglu and Restrepo (2017) examined the
impact of industrial robots on local labor markets. They found that
robot adoption lowers employment in 0.18-0.34%p. and wages in

0.25-0.5%p across the commuting zones. Arntz, Gregory, and Zierahn
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(2016), using the data of 21 OECD countries estimated that about 9
% of jobs on average could be performed by automation. They
additionally argued that the workplace environment, investment in
technologies, and education level of workers are the main factors of
the differences across countries.

Other studies have found evidence that the positive (productivity
and reinstatement) effects may offset the negative (displacement)
effect. Lee, Decker, and Chung (2019) conducted the same analysis of
Acemoglu and Restrepo (2017) wusing more recent US data
(2004-2016). They showed that the effects of robot exposure on the
labor market are not apparent. Specifically, their estimates suggested
that robot exposure decreased employment before 2010, but increased
employment share after 2010. Graetz and Michaels (2018) examined
the economic contributions of robot adoption using industry-country
level panel data. They found that robot adoption does not significantly
affect labor hours and total employment, but it reduces the
employment of low-skilled workers.

Acemoglu and Restrepo (2018a) suggested that the displacement
effect reduces the labor demand and wages by new technologies in the
short run, but it can be counteracted by capital accumulation,
productivity improvements, and creation of a new task. Autor (2015)
supported the idea and predicted that even though current
middle-skilled jobs are at risk of automation, technological progress
would demand new tasks and create new middle-skilled jobs.
However, researchers commonly showed that low skilled jobs are
more susceptible to robot exposure (Lee, Decker, and Chung, 2019;
Graetz and Michaels, 2018).

As the labor force is aging over time, the relationship between
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aging and technological change has received more attention. Using the
US commuting zone data, Acemoglu and Restrepo (2018b) examine
whether robot adoption affects middle-aged and older workers’
employment. They found that robot adoptions reduce employment and
earnings of middle-aged workers, but have no impact on older
workers. They explained the results that as middle-aged workers are
more likely to engage in blue-collar jobs that can be automated by
robots, middle-aged workers are more susceptible to lose their jobs by
robot adoption. They also found that countries experiencing rapid
aging are more likely to invest in robots. Their estimates suggested
that aging explains 40-65% of the cross-country variation in robot
adoptions.

Only a few studies have empirically investigated how technological
changes affect young and old workers differently, compared with the
attention given to the differences across workers with disparate human
capital or skills. Several studies have examined the impact of
technological innovations, largely measured by computer use, on the
employment of older workers. Bartel and Sicherman (1993) have
shown that unexpected changes in the rate of technological changes
induced workers to retire earlier. Friedberg (2003) found that
technological change in a worker’s environment had a negative impact
on computer use, but only for workers close to retirement. Aubert,
Caroli, and Roger (2006) have offered firm-level evidence that use of
computer and internet tended to reduce the wage-bill share of older
workers. Lee (2015) suggested that technological changes in the
course of the “Second Industrial Revolution” during the early 20th
century negatively affected employment of aged US manufacturing

workers.
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II. Technological Change and Aged Workers:
Conceptual Framework

As explained in the literature review, adoption of new technological
can replace or reinstate the task through change in productivity. Thus,
any technological change with disparate effects on the productivity
depending on the age of workers would affect young and aged
employees differently. If the tasks of old workers are easier to be
automated, for example, the technological change would be associated
with a relative decrease in demand for the elderly.

As marginal workers in the labor market, aged people may likely
be vulnerable to radical economic changes such as the emergence of
new technology. As noted by Acemoglu and Restrepo (2018), the
potential disadvantages associated with aging may stem from the
lower level of skills possessed by the elderly compared with the
young. However, even with the same quality of human capital, the
labor market effects of technological changes could be strongly felt
among the elderly. A simple model given below illustrates how
technological changes can differently affect the employment of older
workers even without any productivity and replacement effects.

The probability of retirement at a point in time for the
self-employed and the majority of the salaried workers who are not

subject to mandatory retirement may be determined by the expected

net gains from retirement, which is denoted by R .

R =R(Z-Z,N,XB.,9,) (1)

(3
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We hypothesize that the costs and benefits of retirement are
determined by the discrepancy between the amount of minimum work
efforts (such as hours and intensity of work) required by a job

(denoted by E) and the desirable amount of work efforts that the
individual worker ¢ would choose under no restriction (denoted by
Z).h Z is determined by various job-specific demand-side factors,
such as production technology, managerial practices, and labor market
condition, and Z is determined by the taste and productivity of the
individual worker ¢. The value of retirement is likewise determined by
the demographic and job characteristics of the worker (denoted as X,
and B, respectively) that are not fully captured by the term(Z — Z,)
as well as retirement incomes (denoted by vector /V,). 0, denotes
unobservable personal characteristics.

Aging diminishes a worker’s physical strength and functional ability

and his/her taste for work; thus decreasing the desirable amount of

work effort (Z;). The discrepancy increases as long as the minimum

work effort required by the job (?) remains fixed, thereby raising the
value of retirement. Thus, the size of (Z - Z1) depends on (1) the

quality of matching between the worker and the job in terms of the
desirable and required amounts of work effort as well as (2) the
ability of the worker to change the required work effort (E) either
within the same job or by switching jobs.

Technological changes could affect the employment of aged workers
by deteriorating the quality of matching between workers and their
jobs. Technological progress is often associated with radical changes

in job requirements and working conditions. Adoption of new

1) This model is drawn from the conceptual framework used in Lee (2008; 2019)
and Lee and Lee (2013).
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technology can make it increasingly costly for aged workers to
continue working as the speed and intensity of work as well as the
requirements for skills increase, possibly beyond their physical and
mental capacities. Given their deteriorated physical strength and
health, obsolete skills and knowledge, and lack of education compared
with young cohorts, aged workers have lower capabilities (or
incentives) to learn to meet new work requirements. Return to training
generally decreases with age; thus employers would be unwilling to
invest in the training of aged workers, thereby increasing the severity
of their disadvantages.

The purpose of offering this model is simply to illustrate that
technical change could affect the employment of older workers
through various pathways other than productivity change, and that the
directions of these effects could be different. In the present study, we
attempt to investigate how a technological change affect the overall
employment and the relative employment of the young and the old.
More specifically, we include in the analysis technological change
variable and its interaction with variable for older workers. If the
above model is applied, the estimated coefficient for the interaction
term captures how a newly-adopted technology alters the productive
efficiency and the quality of job matching of older workers relative
to those of the younger ones, whereas the coefficient for the
technology variable shows how it changes the overall productivity of

all employees in the establishment.



b4 20196 AlHAEE Zololm Alzl=

IV. Data and Empirical Strategy

1. Data

It is difficult to obtain data containing information on both
technological changes adopted by firms and the employment of
individual workers in the firms. Thanks to the cooperation and support
of the Korea Labor Research Institute, we obtained and used a unique
dataset that has been produced by linking firm-level panel data with
administrative employment records for the individuals employed in the
firms. More specifically, the following micro datasets were linked and
used: The workplace panel surveys (referred to as the WPS, hereafter)
and the Korean Employment Insurance records.

The WPS, conducted by the Korean Labor Research Institute since
2005, provides detailed information on each establishment included in
the survey, such as variables pertaining to workplace innovations in
production, organization, and human resource management. As WPS
started to ask questions regarding technological changes adopted by
each firm since 2015, we largely use the 2015 survey that includes
3,431 firms.

The Korean Employment Insurance records matched with WPS
offer information on wages, labor-market transitions, and personal
characteristics of the individuals who were employed in the
workplaces included in WPS. The significant advantage of the linked
data is that it includes all workers employed at least once in these
firms, which allows us to follow up labor-market changes of the

individuals, including the exact timing and reason for job separations.
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A drawback of the linked data is that it provides only a limited set
of variables regarding the information on each individual, especially
his or her job characteristics (e.g., full/part-time job).

We restricted our sample to the individuals who meet the following
conditions: (1) employed in the WPS firms at the end of 2015; (2)
aged 25 to 69 in 2015; and (3) wage is reported in the employment
insurance records. As a consequence of the sample selection, we
ended up with a sample of 818,038 persons; and the size of each birth
cohort ranges from 18,054 (those aged 25) to 1,027 (those aged 70).
We classified individuals aged 50 and older in 2015 as aged workers
in the baseline analysis. In the additional analysis, we use various age

cutoffs for defining older workers as a robustness check.

2. Empirical Strategy

The 2015 WPS includes questionnaires regarding technological
changes newly adopted. The following measures of technological
changes were considered: (1) adopting new automation; (2) expanding
investments in information technology (IT), and (3) the increasing
expenditure on IT-related equipment. New automation is referred to
the circumstance that any process or parts of work for main products
or services are newly automated along with the extent of automation
already completed. Measures of IT investments and IT-related
equipment are obtained from the response by Likert scale (“Not at
all,” “Not much,” “Neutral,” “Somewhat,” and “Very much do”). We
constructed a dummy variable that has a value of one if a firm
selected “Somewhat” or “Very much do.”

We investigated how adoption of new technological changes in a

firm affects the probability that an employee leaves the firm. The
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2015 WPS has been linked to the employment insurance records from
2015 to 2017, which allow us follow up the individuals employed in
the firm in 2015 for two additional years. Taking advantage of the
longitudinal feature of the data, we examine the effect of technological
changes on the retirement hazard by estimating a Cox proportional
hazard model. Hereafter, we use job separation, departure, and
retirement (from the 2015 job) interchangeably. We also investigate
the probability of retirement by a certain year by conducting logit

regressions. The retirement hazard for workers is specified as:

)\i(t) =N (t) exp
(a+ By A, T+ By A+ By T+ v X+ 0R;+ 0 Z+ e,l-j)

2)

In the equation (2), \,(t) denotes the baseline retirement hazard of
workers at time . Subscripts ¢ and j denote individual and firm,
respectively. A indicates dummy variable for aged workers (aged 50
and older). 7 stands for the dummy variable for technological change.
X denotes a set of a matrix that includes each worker’s personal
characteristics, such as age, gender, and job tenure. These are proxy
variables for the worker’s productivity in the labor market. /2 is a
dummy variable that has a value of one if worker i is subject to the
extension of mandatory retirement age that began to be enforced by
law to large firms in 2016 and to smaller firms in 2017. Z indicates
variables pertaining to firm characteristics, including: (1) size (the
number of employees); (2) industry; and (3) the extent of automation
completed (for regressions in which newly-introduced automation is
included as the index of technological change). They are expected to

be associated with labor-market conditions, institutional features, and
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work environment that could affect decisions on job separation.
The variable of our primary interest is the interaction between
variables for technological change and aged workers. As explained in
section 3, the estimated coefficient for the interaction term (3,) is
expected to captures how a newly-adopted technology changes the
productive efficiency and the quality of job matching of older workers
relative to those of the younger ones. If the sign of the parameter is
estimated positive (negative), it indicates that the employment effect
of the technological change is more favorable (unfavorable) for older
workers, as compared to the effect for younger employees. The
coefficient for the technology variable (3,) shows how the adoption
changes overall productivity of the employees in the establishment. If
the estimated parameter is positive (negative), it tells that overall
effect of the technological change is favorable (unfavorable) for the
employment of incumbent workers. The sum of the two coefficients

(B;+ B, ) shows the overall employment effect for older workers.

V. Technological Change and Hazard of Job
Separation by Age: Results

1., Summary Statistics

(Table 3-1) presents the sample means of the variables used in this
study, including demographic characteristics and labor-market
behaviors of workers, technological changes, and features of
establishments. Column 1 provides the statistics for the full sample,

columns 2 and 3 compares males and females, and the rest of the
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columns show how the sample means differ

disparate number of employees.

(Table 3-1) Sample Means of Variables

across firms with

Gender Number of Workers in Workplace
Variable @ (@) 3) 4) ©) ©) @
Full | Male Female| 099 100-299 300-999 1,000+
Sample
DemographicandLaboroutcomesofemployees
Male 0.59% | 1 0 106333 04751 0.6787 0.7125
Age in 2015 40,7820 (39.7924 42,2636|40.9727 42,0582 39.9701 38.7760
Aged 50 and older 0.1656 | 0.1405 0.2031 | 0.1685 0.1856 0.1619 0.1194
Job tenure in 2015 5.8%43 | 6.6145 4.7911 | 6.0728 5.3977 5.6256 7.1622
Wage(KRW) 4275107(5293759 2749990(4551185 3367038 4539054 5561562
Mandatory retirement policy applied 0,1480 | 0.1712 0.1133 | 0.2558 0.0821 0.1582 0.1175
Retired by 2017 0.1986 | 0.1800 0.2174 | 0.1885 0.1979 0.2296 0.1655
Older Workers Retired by 2017 0.0453 | 0.0421 0.0502 | 0.0464 0.0445 0.0572 0.0261
Technological Changes
Process of products/services automated 0.20064 | 02136 0.1956 | 0.3173 0.0689 0.1796 0.4009
Expanded Investments in IT 0.2717 | 0.2720  0.2712 | 0.2984 0.1922 0.3175 0.3435
The cost of IT-related equipment increased | 0.2342 | 0.2430 0,2210 | 0.2886 0.1270 0.2802 0.3276
Size of Workplace
Employees 1-99 0.2401 | 02537 02199 | 1 0 0 0
Employees 100-299 0.3604 | 0.2856 04724 | 0O 1 0 0
Employees 300-999 0.2475 | 0.2802 0.1986 | 0 0 1 0
Employees 1,000+ 0.1519 | 0.1806  0.1091 0 0 0 1
Degree of Automation
Automation 0-20% 0.1217 | 0.0945 0.1623 | 0.0563 0.2302 0.0732 0.0465
Automation 20-40% 0.1214 | 0.1278 0.1120 | 0.1591 0.0746 0.1637 0.1042
Automation 40-60% 0.2435 | 0.2320 0.2608 | 0.3360 0.1796 0.1944 0.3292
Automation 60-80% 0.2250 | 0.2139 0.2415 | 0,1612 0.2928 0.2242 0.1660
Automation 80-100% 0.2884 | 0.3318 0.2233 | 0.2874 02228 0.3445 0.3541
Workplace Characteristics
Net Profit Surplus 0.8214 | 0.8292  0.8098 | 0.7944 0.8195 0.8549 0.8139
Union exists 0.4593 | 0.5273 0.3570 | 0.2781 0.3876 0.5400 0.7748
Wage system based on seniority 0.6063 | 0.6177 0.5891 | 0.6749 0.5959 0.6098 0.5167
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(Table 3-1) Continued

Gender Number of Workers in Workplace
(1) () 3) ) ) ©) @

Variable
Ful | Male Female| 099 100299 300999 1,000+
Sample
Industrial Classification
Manufacturing 0.2863 | 0.3735 0.1557 | 0,1836 0.1790 0.4394 0.4537

Electricity, gas, steam and water supply | 0.0042 | 0,0062 0.0012 | 0.0040 0.0047 0.0051 0.0019

Sewerage, waste management, materials
0.0025 | 0.0037 0.0007 | 0.0078 0.0014 0.0006 0.0000

recovery

Construction 0.0056 | 0.0083 0.0015 | 0.0057 0.0041 0.0111 0.0001
Wholesale and retail trade 0.3176 | 0.2073 0,4827 | 0.2407 0.6324 0,1096 0.0310
Transportation 0.0779 | 0.0959 0.0509 | 0.1400 0.0471 0.0753 0.0569
Accommodation and food service activities | 0.0343 | 0.0262 0.0465 | 00800 0.0149 0.0362 0.0049
Information and communications 0.0392 | 0.0480 0.0260 | 0.0806 0.0175 0.0478 0.0113
Financial and insurance activities 0.0391 | 0.0353 0.0448 | 0.0079 0.0076 0.0199 0.1940
Real estate activities 0.0010 | 0.0011 0.0008 | 0.0018 0.0000 0.0023 0.0000

Professional,  scientific  and  technical
activitis 0.0308 | 0.0401 0.0169 | 0,0103 0.0206 0.0561 0.0461

Business facilities management and business
0.0717 | 0.0031 0.0844 | 0.0493 0.0390 0.1164 0.1116

support services
Public administration and defence 0.0010 | 0,0009 0.0010 | 0.0000 0.0009 0.0026  0.0000
Education 0.0005 | 0.0003 0.0007 | 0.0005 0.0003 0.0010 0.0000
Human health and social work activities | 0,03063 | 0.0175 0.0645 | 0.0205 0.0194 0.0654 0.0542
Arts, sports and recreation related services | 0,0084 | 0,0073 0.0102 | 0.0034 0.0019 0.0070 0.0342

Membership organizations, repair and other
P .ga P 0,0436 | 0,0651 0.,0115 | 0,1638 0,0092 0.,0040 0.0000
personal services

Cbservation 818038 | 490455 327583 | 196447 294808 202484 124299

Source : The Workplace Panel Survey 2015 and Employment Insurance Data are used.,

The first column shows that 60% of the entire sample consists of
male workers, and aged workers (aged 50 and older) account for 16%
of the full sample. The average length of tenure is 5.9 years, and 20%
of workers employed in WPS firms at the beginning of 2015 (18.6%
of males and 21.7% of females) retired from the job by the end of
2017. The proportion of workers who left the firms by 2017 is slightly
higher for aged workers (22.7%, 0.0453/0.1656) than for younger
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workers [18.3%, (0.1986-0.0453) / (1-0.1656)]. 20.6% of individuals
in sample are in the firms where any process or part of the main
products/services was automated. The proportion of workers whose
firms expanded investments in IT and IT-related equipment are
respectively, 27.2% and 23.4%.

The linked data do not provide information on individual worker’s
job characteristics. However, firm-specific information on work
conditions (wage, job tenure, size of the firm, and the presence of
union) suggest that male workers’ jobs are more decent compared to
female jobs. Given that various dimensions of job characteristics are
closely associated with one another (for instance, a decent job
commonly has many kinds of desirable features at the same time), we
conjecture that the proportion of temporary, part-time, and low-skilled
jobs might be higher for female workers than for males. Another basis
for the conjecture is that the high proportion of female workers who
are engaged in ‘wholesale and retail trade’ and ‘accommodation and
food service’ industries where temporary and low-skilled jobs are
overrepresented.

In Korea, the quality of the job is strongly associated with firm size:
large firms generally offer higher wages and better work conditions.
We classified the full sample into four subgroups according to the
number of employees: (1) fewer than 100, (2) 100 to 299, (3) 300 to
999, and (4) more than 1000. The statistics for the four categories
confirm the aforementioned general belief: workers in larger firms
earn higher wages and longer job tenure compared to the workers in
smaller firms. A relatively small proportion of workers in large firms
became newly subject to the extension of mandatory retirement age,

because the reform began to be applied to large firms in 2016.
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The relationship between technology adoption and firm size is
U-shaped. The percentage of establishments with newly-introduced
technology is the highest among large firms with 1,000 or more
employees for all three measures, followed by establishments with
under 100 workers (in terms of automation and investment in IT
equipment) and those with 300 to 999 employees (in terms of
expanded investment in IT). The firms with 100 to 299 employees
mark the lowest technology adoption rates. The varying extent of
technological changes across firms with different size may be
explained in part by differences in industry composition. For example,
nearly two thirds of employees of the firms with 100 to 299 workers
are in wholesale and retail trade, whereas manufacturing accounts for
about 45% of employees in large firms with 300 or more persons.
This result points out that it would be more reasonable to control
industry fixed effects in analyzing the employment effect of
technological changes, especially in comparing differences by firm

size.

2. Baseline Results

As discussed in the section on conceptual framework, this study
assumes that technological changes affect employment through
changes in the quality of job matching as well as productivity, and
that aged workers are perhaps more vulnerable to the coming of new
technology than the young. To examine the conjecture, we estimate a
Cox proportional hazard model to determine the factors of retirement
hazard. The primary focus of our analysis is to investigate whether
adoption of new technology affects the employment (indicated by the

hazard of leaving the firm) of young and old workers differently.
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(Table 3-2) Regression Results: Effect of Technological Change on the

Hazard of Job Separation of Old Workers (Proportional
Hazard Model)
Variable (1) (2) (3
New Automation X Old 1.168 *=*
(0.022)
New Automation 0.747 **=*
(0.006)
Investments in IT X Old 1.001
(0.016)
Investments in IT 1.017 *==
(0.007)
Investments in IT equipment X Old 1.073 ==
(0.018)
Investments in IT equipment 0,932 **
(0.007)
Oold 1.310 == 1.341 == 1.326 *=
(0.013) (0.014) (0.013)
Male 1.018 ™= 1.027 ™ 1.028 ***
(0.000) (0.000) (0.000)
Age 0.997 *= 0.998 *** 0,997 **=*
(0.000) (0.000) (0.000)
Job tenure in 2015 0.913 ™= 0,913 *=* 0.913 ==
(0.001) (0.001) (0.001)
Wage(log) 0.929 *= 0.928 =** 0.928 ===
(0.001) (0.001) (0.001)
Subjected to extending retirement age 0.859 *** 0.831 *** 0.836 ***
(0.007) (0.007) (0.007)
Automation 20-40% 1.022 **
(0.010)
Automation 40-60% 1,058 *=
(0.009)
Automation 60-80% 0.990
(0.009)
Automation 80-100% 0.978 **
(0.009)
Firm Size Fixed Effect Yes Yes Yes
Industry Fixed Effect Yes Yes Yes
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(Table 3-2) Continued

Variable 1) @) (3)
Observations 818,038 818,038 818,038

Note : The Workplace Panel Survey 2015 and Korean Employment Insurance are
used. Coefficients denote the hazard ratio from the Cox proportional hazard
model. Firm sizes (the number of employees) are classified as follows: (1)
fewer than 100, (2) 100 to 299, (3) 300 to 999, (4) more than 1,000,
Industries are classified as follows: (1) Manufacturing, (2) Electricity, gas,
steam and water supply, (3) Sewerage, waste management, materials
recovery, (4) Construction, (5) Wholesale and retail trade, (6) Transportation,
(7)  Accommodation and food service activities, (8) Information and
communication, (9) Financial and insurance activities, (10) Real estate
activities, (11) Professional, scientific and technical activities, (12) Business
facilities management and business support services, (13) Business facilities
management and business support services, (14) Public administration and
defense, (15) Education, (16) Human health and social work activities, (17)
Arts, sports and recreation related services, (18) Membership organizations,
repair and other personal services. Standard errors in parentheses *** p{0.01,
= p(0.05, * p0.1.

Additionally, we explore how the employment effect of technological
change according to age differ across firms with different size.
(Table 3-2) presents the baseline results of the proportional hazard
model estimation for technological changes based on using three
different measures of technological change (automation, investment in
IT, and investment in IT equipment). The main independent variables
include adoption of new technology, aged workers, and the interaction
between the two. In addition, variables on the employee’s personal
characteristics (gender, age, job tenure, and wage), being subject to
the mandatory retirement reform, and the extent of automation
completed are included. To take into account the unobservable
heterogeneity across firms with different size and across industries, we
also include categorical variables on firm size and industry fixed

effect.
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The results reported in (Table 3-2) suggest that technological
change, measured by newly-introduced automation and investment in
IT equipment, have a favorable effect on the overall employment of
incumbent workers. The estimated coefficients are significantly smaller
than one, indicating that technological adoption tends to lower the
hazard of retirement of the workers who had been employed in the
firm prior to the change. Unlike the two other measures of
technological change, expanded IT investment turns out to increase the
hazard of leaving the firm, although the magnitude of the effect is
relatively small.

More significantly, the results suggest that the employment effect of
technological change differ between aged and younger workers, with
the former less favorably affected by newly-adopted production
methods than the latter. The estimated coefficients for the interaction
terms are significantly greater than one if automation and investment
in IT equipment are used as indices of technological change (Columns
1 and 3). No significant difference between the two age groups is
found where the effect of IT investment is concerned (Column 2). The
sum of the two coefficients (those for technological change and its
interaction with aged worker) are smaller than one, which indicates
that the overall effect of technological change on aged workers’
employment is actually positive (reducing the hazard of job separation
absolutely), although it is less so compared to that for younger
workers.

To summarize the results for other variables: as expected, older
workers were at a higher risk of leaving the firm than younger
workers. The retirement hazard is estimated about 1.3 times higher for

older workers than for younger employees. Within each age group, on
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(Table 3-3) Regression Results: Logistic Model

@) (@) (3
Dependent Variable @ Retired by 2017
New Automation X Old 0.019 *=*
(0.003)
New Automation -0.042
(0.001)
Investments in IT X Old -0.004
(0.003)
Investments in IT 0.004 ™=
(0.001)
Investments in IT equipment X Old 0.010 *=*
(0.003)
Investments in IT equipment -0.010 ***
(0.001)
Old 0.031 *** 0.035 ™= 0,033 ***
(0.002) (0.002) (0.002)
Firm Size Fixed Effect Yes Yes Yes
Industry Fixed Effect Yes Yes Yes
Other Controls Yes Yes Yes
Observations 818,038 818,038 818,038

Note : The Workplace Panel Survey 2015 and Korean Employment Insurance are

used. Coefficients denote the calculated marginal effects from the logistic
model, ‘Other Controls’ include gender, age, job tenure, logarithm of
wage, being subjected to the extending retirement age policy, degrees of
automation (column 1). Firm sizes (the number of employees) are
classified as follows: (1) fewer than 100, (2) 100 to 299, (3) 300 to 999,
(4) more than 1,000, Industries are classified as follows: (1) Manufacturing,
(2) Electricity, gas, steam and water supply, (3) Sewerage, waste
management, materials recovery, (4) Construction, (5) Wholesale and retail
trade, (6) Transportation, (7) Accommodation and food service activities,
(8) Information and communication, (9) Financial and insurance activities,
(10) Real estate activities, (11) Professional, scientific and technical
activities, (12) Business facilities management and business support
services, (13) Business facilities management and business support
services, (14) Public administration and defense, (15) Education, (16)
Human health and social work activities, (17) Arts, sports and recreation
related services, (18) Membership organizations, repair and other personal
services, Standard errors in parentheses ** p(<0.01, ** p(0.05, * p<0.1.
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the other hand, an increase in age is associated with a decrease in the
hazard of leaving the firm. The length of job tenure, wage, and being
subject to mandatory retirement are negatively related to the hazard of
leaving the firm. Compared to the employees in the firms with low
rates of automation (less than 20%), those in the firms with
automation rates 20 to 60% were at higher risk of job separation. In
contrast, workers in firms with highly-automated production process
(80 t0100%) were less likely to retire.

In addition to the proportional hazard model, we estimated logit
models to examine how technological adoption in 2015 affected the
probability of leaving the firm by the end of 2017. (Table 3-3)
presents the results in which the marginal effects are reported. The
results provide practically the same implications as those derived from
the proportional hazard model estimations. Newly-adopted automation
and investment in IT equipment lower the overall probability of job
separation by 4.2% and 3.3%, respectively; but they increase aged
workers’ probability of retirement compared to that of younger

workers by 1.9% and 1.0%, respectively.

3. Heterogeneity

We conducted similar hazard analyses separately for males and
females to consider the substantial differences between males and
females in personal and job characteristics. The results presented in
(Table 3-4) actually show sharp gender differences. The relative
disadvantages of aged workers compared to the young in term of the
employment effect of technological change is observed only for males.
The estimated coefficients for the interaction terms are all significantly

larger than one for males. If new automation is adopted, for example,
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the hazard of leaving the firm is about 1.6 time greater for aged male
workers than for younger males. Furthermore, the sum of the
coefficients for technological change and its interaction with aged
worker dummy are greater than one for all specifications. This implies
that adoption of technological change actually increases the hazard of
job separation of aged workers absolutely as well as relative to that
of young workers.

Conversely, aged female workers are more favorably affected by
technological change than are young workers. The estimated
coefficients for the interaction terms are significantly smaller than one
(Columns 1 and 2) or statistically no different from one (Column 3).
Meanwhile, adoption of new technology seems to have relatively weak
(positive) employment effects, as indicated by the estimated

coefficients that are close to one. As a consequence, aged female

(Table 3-4) Regression Results by Gender: Technological Change and
Probability of Job Separation (Proportional Hazard Model)

(A) Male (1) @) (3
New Automation X Old 1,563+
(0.038)
New Automation 0.716%
(0.008)
Investments in IT X Old 1.186"*
(0.027)
Investments in IT 0,957+
(0,008
Investments in IT equipment X Old 1,179
(0.028)
Investments in IT equipment 0.851*
(0.008)
Old 1.245%* 1.280™* 1,282
(0.019) (0.020) (0.020)
Firm Size Fixed Effect Yes Yes Yes
Industry Fixed Effect Yes Yes Yes
Other Controls Yes Yes Yes

Observations 490,455 490,455 490,455
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(Table 3-4) Continued

(B) Female @) () 3)
New Automation X Old 0,900
(0.026)
New Automation 0,820
(0.010)
Investments in IT X Old 0,947
(0.022)
Investments in IT 1,043%
(0.010)
Investments in IT equipment X Old 1.002
(0.025)
Investments in IT equipment 0.988
(0.010)
Old 1,243+ 1.241% 1,226
(0.017) (0.018) (0.017)
Firm Size Fixed Effect Yes Yes Yes
Industry Fixed Effect Yes Yes Yes
Other Controls Yes Yes Yes
Observations 327,583 327,583 327,583

Note : The Workplace Panel Survey 2015 and Korean Employment Insurance are

used, Coefticients denote the hazard ratio from the Cox proportional hazard
model, ‘Other Controls’ include gender, age, job tenure, logarithm of wage,
being subjected to the extending retirement age policy, degrees of
automation (column 1-3). Firm sizes (the number of employees) are classified
as follows: (1) fewer than 100, (2) 100 to 299, (3) 300 to 999, (4) more than
1,000. Industries are classified as follows: (1) Manufacturing, (2) Electricity,
gas, steam and water supply, (3) Sewerage, waste management, materials
recovery, (4) Construction, (5) Wholesale and retail trade, (6) Transportation,
(7)  Accommodation and food service activities, (8) Information and
communication, (9) Financial and insurance activities, (10) Real estate
activities, (11) Professional, scientific and technical activities, (12) Business
facilities management and business support services, (13) Business facilities
management and business support services, (14) Public administration and
defense, (15) Education, (16) Human health and social work activities, (17)
Arts, sports and recreation related services, (18) Membership organizations,
repair and other personal services, Standard errors in parentheses ** p{0.01,
* p0.05, * p{0.1.

workers’ hazard of job separation would decrease if new production

methods were adopted. It appears that the countervailing results from
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male and female samples are mixed in the baseline results obtained
from all workers.

Finally, we conducted similar analyses separately for four
subsamples classified according to establishment size (less than 100,
100 to 299, 300 to 999, and 1,000 or more) to consider potential
differences in the impact of technological changes between small and
large firms. The results presented in (Table 3-5) confirm that the
employment effect of technological change differ across the four
categories of firm size, and that the pattern of variations depends on
the choice of variable for technology adoption.

If newly-adopted automation is concerned, only older workers in the
firms with at least 100 employees were adversely affected by
technological change (Column 1). In small firms with less than 100
workers, increased automation reduced the retirement hazard of aged
workers more than that of younger workers. Conversely, investment in
IT hardware increased the retirement hazard of older employees
relative to that of the young only in the firms with less than 1,000
workers (Column 3). In the large firms with 1,000 employees, such
a technological change would play a role of pushing out younger
workers while making older employees’ jobs more secure. If
investment in IT is considered, a technological change has less
unfavorable effect on older workers’ job stability compared to younger
workers’ in the firms with less than 100 workers and those with 300
to 999 employees (Column 2). For workers in the other two

categories, the opposite was the case.
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(Table 3-5) Regression Results by Firm Size: Technological Change and
Hazard of Job Separation (Proportional Hazard Model)

(A) Employees 1-99 (1) (2) (3)
New Automation X Old 0,725%
(0.025)
New Automation 0.606***
(0.010)
Investments in IT X Old 1.159%*
(0.037)
Investments in IT 0.,693%
(0.012)
Investments in IT equipment X Old 1,190
(0.039)
Investments in IT equipment 0.691%
(0.012)
Old 1,305 1,307 1,303
(0.030) (0.027) (0.027)
Industry Fixed Effect Yes Yes Yes
COther Controls Yes Yes Yes
Observations 196,447 196,447 196,447
(B) Employees 100-299 @ (2) 3

Dependent Variable : Retired by 2017

New Automation X Old 1.617%
(0.062)
New Automation 0, 704"
(0.013)
Investments in IT X Old 0,887
(0.029)
Investments in IT 0.951%=
(0.012)
Investments in IT equipment X Old 1.042
(0.037)
Investments in IT equipment 0,902
(0.013)
Old 1,338 1,393 1,364
(0.021) (0.022) (0.022)
Industry Fixed Effect Yes Yes Yes
Other Controls Yes Yes Yes

Observations 294,808 294,808 294,808
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(Table 3-5) Continued

(C) Employees 300-999

(@)

Dependent Variable :

(@)

(©)

Retired by 2017

New Automation X Old 1.261%
0.047)
New Automation 0,905%
(0.014)
Investments in IT x Old 1.050*
(0.030)
Investments in IT 1.155%=*
(0.014)
Investments in IT equipment x Old 1,240
(0.037)
Investments in IT equipment 0.857**
(0.011)
Old 1,259 1,298 1,274
(0.026) (0,027) (0.026)
Industry Fixed Effect Yes Yes Yes
Other Controls Yes Yes Yes
Observations 202,484 202,484 202,484
(D) Employees 1,000+ @ (@) 3
Dependent Variable : Retired by 2017
New Automation X Old 1.377%*
(0.062)
New Automation 0749
(0.014)
Investments in IT x Old 0.916**
(0.039)
Investments in IT 1,204
(0.021)
Investments in IT equipment x Old 0,739
(0.033)
Investments in IT equipment 1,285
(0.021)
Old 1.053 1,151+ 1,233
(0.037) (0.042) (0.045)
Industry Fixed Effect Yes Yes Yes
COther Controls Yes Yes Yes
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(Table 3-5) Continued

(D) Employees 1,000+ » ) ©)
Dependent Variable : Retired by 2017
Observations 124,299 124,299 124,299

Note : The Workplace Panel Survey 2015 and Korean Employment Insurance are
used. Coefficients denote the calculated marginal effects from the Cox
proportional hazard model. ‘Other Controls’ include gender, age, job tenure,
logarithm of wage, being subjected to the extending retirement age policy,
degrees of automation (column 1-3), Firm sizes (the number of employees)
are classified as follows: (1) fewer than 100, (2) 100 to 299, (3) 300 to 999,
(4) more than 1,000, Industries are classified as follows: (1) Manufacturing,
(2) Electricity, gas, steam and water supply, (3) Sewerage, waste
management, materials recovery, (4) Construction, (5) Wholesale and retail
trade, (6) Transportation, (7) Accommodation and food service activities, (8)
Information and communication, (9) Financial and insurance activities, (10)
Real estate activities, (11) Professional, scientific and technical activities, (12)
Business facilities management and business support services, (13) Business
facilities management and business support services, (14) Public
administration and defense, (15) Education, (16) Human health and social
work activities, (17) Arts, sports and recreation related services, (18)
Membership organizations, repair and other personal services, Standard errors
in parentheses ** p(0.01, * p<0.05, * p(0.1.

4. Sensitivity to Choice of Age Cutoff

A possible concern arises as to whether the results are sensitive to
the cutoff age for defining ‘old worker,” which was set to 50 years
old in the baseline specification. We conducted a sensitivity test that
examines how the regression results changes with alternative cutoff
age for old workers ranging from 45 to 55. [Figure 3-1] to [Figure
3-3] plot the estimated coefficients for the interaction between old
workers and each of technological change indices. In general, the
results suggest that the interaction between aging and the influences
of technological change could differ by the type (or feature) of the

technology that is put into practice.
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[Figure 3-1] Estimated Coefficient for the Interaction between Older
Workers and New Automation

1.4 1:5

Hazard Ratio
s
1

1.2

1.1
—a—
—

.
L
PS

45 46 47 48 49 50 51 52 53 54 55
Age

Source : The Workplace Panel Survey 2015 and Employment Insurance

Data are used,

[Figure 3-2] Estimated Coefficient for the Interaction between Older
Workers and Investments in IT Expanded
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[Figure 3-3] Estimated Coefficient for the Interaction between Older
Workers and Investments in [T-related Equipment
Increased
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If newly-adopted automation is concerned (Figure 3-1), the
estimated coefficient for the interaction keeps increasing with age
from the late 40s. It is notable that the gradient of the age profile
becomes increasingly steeper with age. The result suggests that the
adverse employment effect of adopting new automation process
becomes stronger with aging of workers. A possible explanation is
that older workers’ tasks are more vulnerable to replacement by
automation. An alternative account is that aged workers have greater
difficulties in coping with changing work environment that automation
brings because of declining cognitive or physical capability.

In the case of expanding investment in IT, the estimated coefficient
for the interaction term fluctuations with age, showing a U-shaped

profile with a bottom around the early 50s (Figure 3-2). It looks like
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the baseline result (that investment in IT has relatively positive effect
on the employment of older workers) is a coincident outcome of
choosing age 50 for the cutoff age. If we included workers in the late
40s in the group of older workers, the results from using IT
investment would be much similar to those based on using the other
two indices of technological change. This result suggests that, if ‘old
age’ is appropriately defined, all three indices of technological change
actually negatively affect the employment of aged workers at least in
comparison with younger workers’ employment. Unlike the other two
indices, the effect of the increased investment in IT-related equipment
on old workers’ retirement hazard is remarkably stable across different
cutoff ages (Figure 3-3). The coefficient for the interaction term

remains within the range from 1.05 to 1.08.

VI. Conclusion

This study has investigated how adoption of new production
technology affects the employment of older workers in Korea by using
establishment-level panel data (WPS) that were newly linked with
administrative records (Korean Employment Insurance data).

More specifically, we estimated how indices of new technology
adoption affect the hazard that employees leave the job and how the
effects differ between old and young workers. For constructing
variables on technological change, we utilized responses to the
following three questions: 1) if new automation was adopted, 2) how

much investments in IT sectors increased; 2) and 3) how much
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purchase of IT equipment increased.

The baseline results suggest that the employment effect of
technological change differ between aged and younger workers, with
the former less favorably affected by newly-adopted production
methods than the latter. The results of proportional hazard and logit
models show  that technological changes, measured by
newly-introduced automation and investment in IT equipment, tend to
lower the hazard of retirement of the workers who had been employed
in the firm prior to the change. However, as compared to younger
persons, adoption of new technology increases the hazard (and
probability) of job separation of aged workers. If the cutoff age for
old worker is appropriately defined, the results obtained based on
using expanded IT investment are similar.

The results are starkly different between males and females. The
relative disadvantages of aged workers compared to the young in term
of the employment effect of technological change is observed only for
males. The vulnerability associated with aging is so large for males
that technological change would actually increase the hazard of job
separation of aged workers absolutely as well as relative to that of
young workers. Conversely, aged female workers are more favorably
affected by technological change than young workers.

We also found that the employment effect of technological change
differs by firm size, and that the pattern of variations depends on the
choice of variable for technology. If newly-adopted automation is
concerned, for instance, only the aged workers in the firms with at
least 100 employees were adversely affected by a technological
change. Conversely, investment in IT hardware increased the

retirement hazard of older employees relative to that of the young
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only in the firms with less than 1,000 workers.

Additional analysis in which alternative cutoff ages for old worker
are used suggest that the interaction between aging and the influences
of technological change differs by the type (or feature) of the
technology adopted. For example, the adverse employment effect of
adopting new automation process becomes stronger with aging of
workers. Conversely, the effect of the increased investment in
IT-related equipment on old workers’ retirement hazard is remarkably
stable across different cutoff ages.

We do not intend to claim that out results provide accurate causal
effect of technological changes on employment of different type of
workers. The decisions on adopting new technology could be
endogenously influenced by unobservable factors that are related with
the relative retirement hazard of aged and younger workers. We would
like to tackle this endogeneity issue more thoroughly in the future
revision.

In the section on conceptual framework, we suggest possible
reasons that aged workers would be more negatively affected by rapid
technological changes. Their productivity relative to that of the young
could be more adversely affected by technological changes because of
their disadvantages in cognitive and physical ability associated with
aging. The quality of matching between aged workers and their jobs
could be more seriously deteriorated by changing work environment
associated with technological changes. Although the results of the
preliminary analyses are largely consistent with these conjectures,
additional analyses are required to fully understand the mechanisms
behind the relations between changing production methods and

employment of workers with heterogeneous characteristics.
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Y B9 AARNS D8 N DR BHS BEF ¥ 2,

& Al ZaheFolFo] Al EAH0 R fold Aol du
R HOlFETHRE 2 ¥4 32, oloh de BAZ
Q1 ZHolA] ZrheFolEe] Z7bE A Sl AR 3t Ao
ololx|A= EakARE, o] He AAIAE |E AAelolA =5
BAE B3l A Rl o FolBe S HelFTh Aol A
Fe ARl Babe] ke wmF e BTt A Ee =EHOR U

Aoz WA= Zahegolse] 35 oleh o] ZIeFolsol ARIAl
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(i 4-4) Z=Dc-S0|S0| AtA|2] Mol jx|= e =M1

=4
=1 Y2 | ®¥3 | RY 4 | BF 5 | BY6
T wast 1(}5:%’4 2&1%_24 505‘_‘?‘] 7 E‘_ﬂ 90%_94
A7 | 4RI | w9FY | e | AT
ESURRAI 0.079 0.105* | 0.027 0.046 0.032 0.047
AR 14807 | 1,109%* | 0.844"* | 0,790 | 0.880"* | 0.675"*
Rt 0.033 0.010 0.005 0.004 0.038 -0.021
AP | FEARE -0.045* | -0.032 -0.019¢ | -0.023* | 0,004 0,032
AR | b 0124 | -0.014 0.018 0,046 0,064 0,051
191 Fels 1.222% | 0897 | 0.86G™ | 0962 | 1.283"* | 1,549
71413 0,030 | -0.071%* | 20,015 0.013 0.005 0.029
N | 71daB8A -0.001 0.000 0.000 0.000** | 0.000 0.000
573 | ARA e 0017 | 0072 | 0044 | 0082 |-0067 |-017
B 0.070 0,013 | -0.063 | -0,028 0.019 20,014
R3] vlE 0.139 0.747* | 0.572* | 0,100 0215 | 0757
AREA] vl 0,022 0.702¢ 0.452* | 0,193 -0.301 0,427
Z)z | AMH]22] vlg -0.241 0.491 0.256 -0.093 -0.161 0,767
T | ] wlE 0687 | 053 | 0213 | 0280 | -0031 | -1.349
Ak vl 0.098 0.781% | 0.341 0,106 | -0.224 | -0.827
A vlE 0.008 0.808* | 0.415 0132 | -0.234 | -1.056™*
A 7,002 7,002 7,002 7,002 7,002 7,002

TS 9%, *E 95%, T 90% oA FAIFSE foldh

At Aol S mIE Aol
[29 4-1]2 <% 4-4>9] B9 2, BF 3, 2§ 4, 2 5, 1F 69] &4
Aupollr] 2Iegolsol b ZeER ARGAle] Aatel A= el o
7ot A1) 95% A #TRe adzs yeRd Aot o]
2W FAA fode gl 2eFols A FUPHA] el

Be L AGALFE Batel ) D) oRES Hg 4 ot
REAY 29 HARAS BEF DRI PO B} Bolars

AAFE HAZ sheeke Pde Bk
= Sl AGALFE A8 oAl o] ol
We zoheolge] A Aol Egol X RHeS ek
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[ 4-1] Z2=S0|S0| AtAC| Zd Mito] O|xj= g
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-o- Zo- 0585 e 95% 4+l 2|77t 5t 95% Al 2| 1 7F ATt

oz, ZiheEolEo] ARl gl nAE GFe BAsh <i
4-55 ALQJA| Wl g ZIEolEol ofE kg mATlel a1
Avjolct. 28 1, 23 2, vy 3, B9 4, 2 5, 28 62 A AL
NPEA) RS BEESE @ BN n IR ] DA EY B
7} 2od REAY B9 HARNS B8 DAY BHS BHo o]
.

Pt A 1HET RPL ol8st v 1 BA AT uh=d EA
FRLAAE, ARG, B4, 19 LT 5L 8L S
Aoz Jepdt), ol o Be v, o e Ade fAes o o g
vlgo] EEn] Bajol 19] FRATE olaul &It ARIA AA] <1y
272 ololA7] wEel Ao dlEr.

TGOl B olof B WRET W AAlY vlEe] FAMoR
I3 A G vIA= Ao BAERICh AlAle] vlgo] Jae
njA teke Wl BAENeS weld u ojg) e Avh 71 o
Aol whgsls 85} olFe] 4$ ula-g A Aol ol o
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(i 4-5) Z=M-S0[Z0| AtA| HIE0] D= I =MZn

= 2y 2 | B33 | B34 | ®m¥ 5 | ®F 6
T S} 1(%1%_?4 25%_° 5(%1%_?4 75%_%’4 90%_5’4
yARY | 7AEY} | aA8Y | 24ed} | 38T}
ZIFOlE 0.027%+ | 0,058 | 0.047¢ | 0.032 0.024 | -0.053
A3} 4= 0,735 | 0.601™ | 0.614™ | 0.653"* | 0,802 | 0,738
S AR 0,081 | 0,075 | 0054 | 0.056* | 0.094"* | 0.098"
A | FEART 0.016" | 0,010 | 0,005 | -0.002 0.040% | 0,070™*
AE | B 0.187%* | 0,104* | 0.135** | 0.163** | 0.195 0,254
191 Fads 0,771 | 0,499 | 0,494 | 0,626"* | 1,014 | 1,168
714445 0,002 | -0,031* | 0.009 0,025** | 0,012 0.021
719 | Z1d<=AE 0.000* | 0.000 0.000 | 0,000 | 0,000 0.000
EA | ArAoe 0,053 | -0,011 | -0.006 | -0.000 | -0.075 | -0.032
BPEFI 0.014 0,008 | 0.058 | -0.023 | -0.012 0.077
A vlE 01104 | 0.363* | -0.038 0.09 | -0.280 | -0.033
ANFZ HlE 0.019 0.169 0.151 0.176 -0.101 0.038
2z | Aul2z] vE -0.083 0.233 0.060 | 0039 | 0.282 0.033
T4 | THiE B2 -0.090 0.058 0,192 0.402* | 0157 | -0.289
Ak wig 0114 | 0.219 0.000 | 0088 | 0343 | -0.125
2] v 0,076 0.405* | -0.012 0.014 -0.288 -0.281
qH 8,830 8,830 8,830 8,830 8,830 8,830

TR 9%, = 9%, *E 90% A SAIKSR fof3h

ARk ojo} 22 FAHER | wEH 2ieFolEs S8 vlE SV Y 2

S HalFE AoR oot Aze oY A48T BAH A& vlE, @
$E9 g Fo| Tad UL MAL Aoz Azwr

FEAY 95 HAEN S H89 DAY 2y A AR 108
slo} 259jl ZT=Fol o] AlAl vl EAHCE feld ()
of ofare VA Zow Jeptth ol Atdes ulg AF st 2

oA BASHE Z3heFolFol g ST olod shsAe] Ak e
Vehdich. 8 O e Mu ol2e B8s) o Be AEES ashs
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B} o] BYHNUL ) NG 5 Q= Al Heh Bagel Sgst
A R meE nEgde FAS <E 46> AAle] R
NEFS FENFE T FBH WA mE BAAel BHol= 2] o
= ool AuE 7k 673170 AliAl Eito] FgHick

A atel w2yl FAG TR FYLAALE AAle] Aol B

Aoz gt AH(+)e] JFL vHE o= Ueth o o Be =%

go] FUEdrE, ¥ B2 v Sl et —E%XPP Olﬁe*oiél—’?% A A2l

ojtt. ot FPARtY] A %74]2‘#9& %94} 3513’4% U]f‘]ﬂ Bt
Greene(2005)2 &2 W2 TAGY 2P o83t AT E nigto

AL Eoat pvalue
AR} TR 0.9022 0.0814 0.0000
ALt 0.0314 0.0014 0.0000
ZEAPE 20,0176 0.0187 0.3440
TE & 6,731
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2 Jondrow et al.(1982)¢] WPHS o] &3l AtgdAle] Ak QoA vlEa&
4 udE Tk HE AN g HEE 8 uE FARE
6,73170 AFAAl u, BHEL 0.938, FFHR= 3.23302 YEpith
g5 WA 1AQw5Y BYS Al AT oleh 22 ARAlS] At
AoM HlEEA o ZImFolEo] nAlE FEFl tigh A ol= o
el w s FTEATE ¢ d 1A E5Y R TN 29 Y B
@& o83kt olu 2IeFolE Frol thet MR ANIAl TARA
TE Y] 2FieFols Hl5S ARSI o SAHSE o] Aty
A BAIEA] 2 719, A PRI B8 FF, slew 7 =Y
H| A7 HsS 2830
AT <% 4-7>3 %D}. 21
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I

td

oft

Ate] N ESAS FEHUFR & BAeE tRe] Sl 5
Ho@ folg S 7pAA) Rehe Ao ket of7loe T A
GRS M EEAe] BEHA eFe A o] S0 F2 /)5 @

ol G IHS = ok AR A BN BAYSHE v ESAol
wslshe MRt QA 1he] SHoRRE o8 4% olo ge A

ZIeFols BT A 29 19 sid uAEI Bfx] gike] va
730 AR froldh FFE PIAA e AeE EHHAT. o= At
A 3fre] 540] SAlE A 2eFolse] vyt AFGAl ALk H
ZEA0 FEFS MAA e dEhi= 3, Z‘iﬂr‘f—%ol%nﬂl & At
'aEAY 7H*4 ayet At a8 Ast a3t Sl A8 T E =
At Zpesolge] LA wt 71E dAtE e a5y tAlrE g
785 7190] Helk= A Ead At SARIARE = qlHo] ALt JJr
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2) 2 (3) #F=
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(3 4-7) AIQH| M HIZEM0| =oteS0|S0| OjX|j= g 24440
w8 1 2y 2 23 3 L By 5 23 6
TR | g | 029 | A | 0B | 7R | 0w
g5y | adEd | wged | adEd | gEs
ZIpFolE 20,0001 | 0.0001* | 0.0002% | 0,0000 | 0.0000 | 0.0001
= O] RS | 20,0002 | 00000 | 00000 | 0,0000 | -0.0001* | -0.0004
719495 00212 | -0,0035* | -0.0108"* | -0,0440%* | 00539 | -0,0704*"
19| 71998 AF 0.0006 | -0.0001*** | 0,0000 | 00000 | 0,0001 | 00004
EA| ARAger 02180 |-0.0053 | 0.0001 |-0.0433 |-0.0496 | -0.0979
S 20,1213 |-0.0018 |-0.0044 |-0.0131 |-0.0415 |-0.1222
e vl 05989 | -0.0035 |-0.0515 |-0.0170 | 0.0002 | -0.0747
AR HZ 03740 | -0.0106 | -0.0217 |-0.0355 |-0.0403 | -0.3999
M| Auag] BE | 0.0474 | 00298 | -0.0037 | 01320 | 0.4637%* | 0.9564
7| sl v 02653 | 00017 |-0.0371 | 0.0706 | 0.0815 | 0.6996
A2 vlE 0.3359 | 0.0112 0.0056 0.1380 0.2159 0.1874
w2 vlE -0.4719 | 0.0186 0.0033 0.1032 0.1682 0.3263
BE 6,726 6,726 6,726 6,726 6,726 6,726
F s 000, M= 95%, = 90% oA SAIZoE folgh

ool XA A a4 W Bt EEA Ash At BF ‘:‘E“g

s ool A Tl BAHOR foldt GRS vIHA %
7
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[ Sk =

Halels 229 3 SolA 719 A BAYS gEskar, AS
Fo|7] {3 BEYAl, AN, JAFEH, T2 F OgE s A
JNEtaL Qo 53], w27 Walelhs Ve Srot B A dSE
EPRsL] flall, SEA H A5 FS Folal, sadFto] X&sA o] Fo
A BEFH B2 wilE 7 =tk Q] A ke] #RelA 7]
do] wSFH N 222k gS Suiske 7137F 2 Rk oYz,
714 ApEs Sl 7199 AHE AEEA =Y 9}*‘5 7lgke] =
T ok 222k 7HQ1 A-eAA 7o) wSsFHEe i< s
el ofupAe Hnk ofe}, msAPgelx o] 714
dEdsols 42 9Fs vF & kAR
Almeida, Behrman, & Robalino, 2012). &3t W3lsh= 7]&8 Al )<
sto], Z-sES AsletHA dAE thHE F# Qe 783 o] 2
2 tHInder, 2015).

gHE171(2009)0] AF-elMe= FA719e] wSsEH FAp AR gy
A SHelA frefnlgt SV e Ao R UEith =813 A
(2009)°] ATolM = 71He] 224} 1R1F wsFd FAPt 1919 viEd
ol T2l WS PIA= AR YEIT o]Qlstel o) d2|(2018)9] <
Tl W2H, 719 wSFEE 11T wiEd e JEFs nAu 10T o]

olo] A%, A EFoEE FH FIE vlAE Ao Yekk vl

OE#
o
o
S
4

ruim
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2016; AFL - AAT- B4, 2017).
A2 719e] mgEAe 2eA AREsl Folst Aol ofat 4717
Agab Aol ek ARANE U, TP, PrhEe
o) ANIFESE AL AR FRHLI SRS B B 22
el AIFEAS) Sl 12 B AREE AL S
Py 9. 2018; HYY 9, 2017). AVIFEA S FeI olfrol=
A7) 2% BAGS v R HISGAE 2oz Sl S 5
AL YRS & JAEAe] SR QAR TAe] 5Tl
Hejpe] A9l AAAoe el PRE oo w3, AVINGES §
s elstAte] A0l FAYS Fol At waEUN A9 AR

TS BY3) Faste] AFwsise] FA88 A2 & ok B

o= E7ataL, ﬂiﬂﬁl 714 ELE]}-‘H WHFEL 71| iR AE B
T ofxeh WA #EE 2 ok S, 7199 w&EE Tt wSE
H o] B Sl ol 719e waFEe AFE, V1Y R, s
o7 vehar Qo a8 HA7E e a8 A HNE Aol +

o FAZE 71delaL, FAke] HF: At Z1golehs Aol 719 uis
THL o3 AT TR 2FEAL ok =3 AR 22 wS
Td A o] Al Al = ATl e waL ke Al

-8 ot

i)
ﬁié
QL
R

Ho
o
re
o
N
=
4>
19
N2
Jo
ro
B
=2
M o

| A} w e
Mow s 719e) wegEd A ojxs] Az Aejolth(Aer,
2008). 7100] WEFH FApol] 2349 olfE T bs}u}(Bartel 2000).
A, B5EA FAe} 7|i50] 7t Felh 2R S, SAEs) va
& u) s|sele gl Beke Akl ok B4, 3717 &
2] et BEFAS AsnT), HAE AP Ygas Ao] wE
Hg A ZHe % Foktoletn BRRTHAES], 2010). £, At



118 20196 AlHAEE Zololm Alzl=

e Agate] WETAL G Antt, 497 2EAE e
Aol A7} v]-g ZHol ek 52A 5 gick A, weEAe] H3
[e)

St AFA0 WEED B4 F, Y 224} o

Helal Qlok. B9l 7199 mE AR Al Sl asE e v A
FA FHoE AL A vk A, 7ol SEAke] ApEASl
S Fof gAet T8 1Y F e PR AEsHAl AAlE] Q)
A @37] wheolth. W5EEE O wEs woludhs, 7] daHriet
B zHlo] mu|stAY F7EE B8-E Fdslof sb7] wiiel 71l #

ol | 4 ek, ol WS WHE ] B3 AuE $E3ha, 7]
% E4ol gh= L W V5% Agse] ol MEEA FAlol 4T
A & gk g, 7)Y ] mEEE AGPAL FRAGE 2%
At I ofeie

of Aol Ade 9 wHEE o] 7ol Aol Bt

oA, wFH thet 7199 3ol Alzte dtskar, 7]]de) At
Q1 Fefot T4k AJAE 3 EP7] fsl et ArEol ol FolA sk
b=, 2008; o] Rl - A<, 2012). 7] wSFH FAE 191F viey
ofuf wolelt B2 AT Aol YT MIAEAE EsAY, A

3 ALE B3l 719 TS Eol= Ul opAlEkaL v olF E u&

o}
olgd, 7Y TE, 9%, ¥ ok uSETERA FFHEE 9,

2002; 84, 2014) Foll wet 719 wsge] At 22k e gl
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1

e AXNHATY. 225 - wA(2008) 2] Al wE, Al R
AR e whet 719)e] mEEn] T ulg- debAaL, WA
Hlgolut iz 7Y ool whet wSEH] FAle] iy gAje] gt
Xl% Ao Yepsith 7199 m5Ed Tl B3 kst d7Ee =7
5 Be, 7)o weEALe 7] AT FEd) omxEla 9a, A=A
<l ?1}7} Fubd A9, 719] ARG alel] A oA 4 e e
2 vehsith 34(2014)0] dAellMs drtE]e] 5ol 2F-EHA e
uje}t 2eate] wssd oy} ule gepAs Aow ekl ek uk
7HH2013)9] ATolrE Ta71He] B¢ s B o8] wsEd
Folu Exp} 2z:e Zoz el

7199 WSF o B3 kst APAFEE BFelaL, V& ATE

= rlr
oh

of i AE AAEAT. hEA] EAECRE 7] wadd F
Aol thgh ke o g £A4sto], ojuet FFo s ofudt War} o
ERE=AE gefsly] of vk e AHE < 3tk 7|2 o]Fojx U
ATl BHESA B, AR, /\lﬂl%ﬂ A 52 S8 ol2ld
W3S EAskarat shlvk(el, A5 v, 2006). ZL2u, o2k AT

BN FA} Aol JEFS vAE tB_J—“E—:A AE FefekA ¢ A3
Aoz RAste], TsiAelA Uehd 5 = AHEH oR/E dastA
SBHAAL, WA #AE 2R ol gl WAV vERdT 8, 719
WEFHA FAs nSEUN R Sdsle] BMFoeH, mFH|golA 2}
A= oy 2R BlESE FA} AIRE Foll tisiME F58kA] ¢
AHHEF 2], 2018).

olgfgt Ao 2l 71x3te, V& ATES] S SEIFA B AT
JME EAEEFES d8dte RAEth v (multilevel
ol2i3t Ml Yeht
= JNRIAEE AT S ek, 2016; S - 7&% - FAE, 2013).
gk, Aol Feke] xfolg FAldl S5t shte] mYPo s T35t Al
Fethe Aelx] Wzt Folg Fetsle o Ads JRE AlTd 4 qirh

(4]
3
=
=
B
o
[oN
(N
rlo
|\
ol
)
il
1o
B
O
o
Bl
ol
9|L
K



120 20194 AldAmlE «iZElolm Alzl=

et ATEAe 7YY w5EE FAHE S, 2EHE ]
Sedv], 224 1907 d8v ASARhE of 97 #Maksh=Aok, o]t

1. A7

B A7 i 4%, el T dellx AFE 98k A
AE AFFeR A ol Sl 7 ATelMe d=iewidTd
At Ao d = K Workplace Panel Survey)ol] Zredgh AFJA] 5 2013,
20154, 20179 APl W5 ot AMGAIE A7oides AAstqld
HZo| B3de A7) fsl H2e IR 2AR] 2013~2017H% A}
Zho] ARE Vo R FAWEE At & 1,039709] 719 dide =
AAstdeh AT 719e] Hit 48 31.06\d, Bt 224 5= 315

=

Holt}. o] o] T} T Wole 37.2%9] 7|¢o] wEEH HAFHAS

o

(& 5-1) g+t JI=3A

T ot B2t
4|9 31.06 15.337
424 5 315.48 653.774
A 224 vle 91.97 178
A 224 vle 72.21 237
FAdsas) ug 17.96 202
1919 mEd(E7) 8.69 732
1919 =rel(E7) 7.31 .99
I-§HY A6 FFule 17.99 26,922




= 71l e Xl #st BHN oF 121
(ZE 5-1)9 AH
T Hle % Shs Hle %
2016 AdeF | oL | 79 731 | m8Ed ofle | 653 62.8
g o o 280 269 | FHRA R | 4 386 37.2
Az o ofJe | 578 | 55.6 WEFH ofle | s02 | 483
o 461 444 | AFAE AF | o 537 51.7
vz gm ol | 625 00.2 | H7} A3 ORI | 1004 | 966
o 414 | 398 | A A AR | o 35 3.4
] 55 ofle | 184 17.7 | A=A ofle | 970 93.4
o] 85 | 823 | TH T o &) 6.6
JF9)=A) ofe | 729 | 702 | Fmry oo | 202 | 194
=Y o o 310 298 | Al o o 837 80.6
A 1,039 | 100,0 | ZAl 1,039 | 100.0

SR, 51.7%2] 71900l MEFAL Aol Ak Ao ekt

2 A7 e EdTde ARAEERARE S8kl ARIAIEE
ZARE fElvet =5, AR, 7199 XA dAA, AR
A 55 getste] 7199 =5, ARty AdE dHska 1A
A7l g ] g3 dE Eol7] Al ARAIE TR Arshe FHE
Abolth, AR AR AP o2 AXEH=E ZAFEA 2005 WPS2005
7} Agoz A E o] s H AEE 20173 A WPS 73} A8
olth. & A= Ao AlAE FH3EP] flal HZ IEE A AR
WPS2013~2017 A=& &-g3}9t

B A7E V1YY uSEE BA AEs sk Sl 5 wcle=w

719del % @ETAY), wEHE O] wEF)

O~
T
AE 719 EAow oE, Add20169) g o, AA =24
At 224 vlE, B 224 8E, A EA vE, dFHERY o

), 1919 vjZA(R7), 1917 wFo)(2), Sz o,

o,
rL
2,
!

o
- d
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, AT APIAE o,

Fsick.

S

) oirg 44

/\]8

= gxlel glol, Azrel JNA W %A 121E % Iek(Gelman & Hill,

& Aaryel 2

(¢}
o] gJth(Helson, Jones, & Kwan, 2002;

ZE

2007; Heck, Thomas, & Tabata, 2014). =3}, t}=

Osgood & Smith, 1995).
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TO=

WEFHY], =THE
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£ Blojd 4

=]

-

IHrandom effect)

3

TO=
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3
JO

ARE WEke] A
<

7194 i

17 et W5ARE Z271%k0]

oA "ol Az, A

e

IHfixed effect)o]c}. vy,
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= Ak
==+
23}cH(Raudenbush et al., 2001). o]

-
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ahge] Babg Epy
Hl, el g o)

ted 7ol +¢d

[

o]

[e)

=

ala
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2], Alzko] wgel wet 7k A Afole] W

=
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=

Too To1
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Ty = Bro TN
o] FARY

2577(719)
o

AA

o]
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WEFEH], 1907 AT wFARE, 72 ARl 09w =3t BiskE, m,
= Wskee] 7hE, EHskEolth by ARl whe Hskee| dA| it
oftt. EAk-TEA FE TolN mp= T AHE Y], =FH 8 tiv] WSE
1913 gt ASARE A4de] olxitrE vk dll, olxkake] 7|
T NS YW, 7yp=Tpe & ASETHH], =H]E U] sFd

A, 1919 AF THAIRE] AlRbo] Aol we} folat 7144 W) gl

157E(A 1R

Y,, =7y +m, YEAR +7,,(YEAR ) +e,,

25E(71%)

o = Boo T Yoi Too To1 To2
T = Bro T T= T T11 Ti2
Ty; = Bog T % Too To1 Tao

A 8l o)A FEAPARGeI PAEI} Gl B, A
7oAelE Uhlie HYWcle F7kste] 2714742 (conditional

growth model)S FASH}(7F73%], 2016). AFGA| 7t Zpol& Yehll= =

15 (21%h)

Y, =my+m, YEAR +7, (YEAR ) +e,,
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el & g ER] BA WekE Helsh) sls) T A 2
g BHsgon, 1 AT <E 5353 2ok 2agkoR AN F 1%
FAe] 27ROy 1140602 BAH0Z Rolstsih.  msEd
ule] B WS, 007302 BAHCR folste] 7150 & 2%
Fo] TAph Zashe Ao etk J1dge F meEdn 29

o] BaK7ye) € 36682 FAHOZ folstnl, 719 WakE HA(r,) =
3, p<001 A frofatel 719e] F mEFAE St SAH0.
2 Frelg 2polh glgieh. Z71gst Meke 2 FBAT(r e e Ho
U o e meled), o 27] % mREAN} we sIge] Aol

Aol wet waFHurE S ¢ Qv As ofn|dith

(i 5-8) & u=s=TH| Bl ARy

TE Al BEF2A}
A} Boo 11,406 0.110
Bro -0.073" 0.066
=953} Too 3.008™* 1,915
Ut 0.669+* 0.818
FRA To 0.009
+

F WEFHH] FAE AR wet vdg e dstsh=AE A
Tl Sfaf B2 oARtrRYE A8tk V1Y) F wSEHr| A
T 2715k(Bo) 11.397, 7t H3HE(F;)2 0.3400 &7 SAHo=
frefebslt. & IS} AREe] Aol w2t 7iEH R SeheAE

Vel B Wshe(8y)2 -0.2052 p<.05 ol S8kt 719
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o N 4
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! n <

Z:" p(1, * p(0.05, * p0.01, ** p(0.001,

]—(TOO)% 3.906, 715 dA) Wislkee 'ﬂH"‘}w\l'(Tu)

7.160, 7199 o|x} WskEe] #iHTy,)E 0.7360F BT FAKSRE {2

pacl

1
fix
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o

WSFH] FA} 7]l wiE Zpol7} ISIT
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(& 5-5) & uxs=7H| Hel=2d| Ofst 7|g EM9| 1t
T A= S.E.

For YEAR slpoe A%, By 0.3505 0.2097
4=, Bu 0.0002 0.0200
2016 AT HEoH, B, 0.1963 0.4823
=24 7, i -0,0001 0.0003
A7) v, Pu 0.1435 1.4080
' vlE, Bis 0.3974 1.0626
27 vlg, B -0.7740 1.3835
Az oA, By 0.6262 0.4309
191 viEd, Bis 40,5945 0.5093
191F 2ol By 0.3903 0.3968
2 o /))110 -0.4465 0.4831
A F5, L 0.0037 0.7340
eI TA =Y AR, Bua 0.3833 0.4721
WEEH AR o5 B -0.1254 0.4042
WEFA ARAE o, B 0.4518 0.4674
1-8HY FAY FFHE, fus 0,1109 0.9173
B2z} 2] 2 A AR B 0.4976 1.0361
A Y o By 40,2971 0.8575
255 AR o Bus 0.2428 0.5990
For YEAR slope H¥, By 0,2095 00860
4, B 0.0009 0.0078
2016 AT Hgofi, By 0,069 0.2020
224 7, B 0.0000 0.0001
At v, Bu 0.0076 0.6817
A HE, B -0.0884 0.4240
9 vlE, By 0.1612 0.5971
Az o, By 0.3490 0.1734*
191 viE, B 0.1949 0.2059
191 2o, By 0.1637 0.1591
Z o B 0.2725 0,1948
A 55, B 20,1911 0.2821
AFIIA = oA, o 20,1309 0,1893
WEFH A o, fas 0.0365 0.1667
WSEFA ARAIE o7, By -0,1401 0.1974
-8R FH] 1S, Bas -0.1287 0.3619
FZz} 12 A AA 04“?‘, B -0.0606 0.3974
BEAE 7 oA, Ly 0.2288 0.3150
2524 ARY o B -0,1403 0,2390

Z:" p(1, * p0.05, * p0.01, ** p(0.001,
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7} 2R ARES MEe
719l =FuLE U] WEERY) FA s Helsp] 99 T2 o
Fgs 2L BANYor, 1 due < 563 ok 2ages A

g =FHE the] SEHH| ] 271H(By) 1.5552 FAZ SR o8t

et =8 thH] wEAn| o] Had WekE(5)2 -0.1912 SAHLS
2 folate] 7] =EHE o] w&EHN7E ZHAaskaL it TIdE
o] =g iu] WSF ] 27)gke] Bak(r,)e 53.6272 EAHoR
rolstt, 719 WakE FAK(r,) B8 p<001 oA frefste] 71139
=EHlE e w&EEne 7Igvitt AR fefgh Abelrh USie

Z715 Mk 7 ABAR( ) FA s Boled, ok 2] =F
Hl% the] ASFAR7E B2 7ol ARto] Aol wet egn]E- tiv] 1l

(F 56) =562 O] DSSe| Hsjo] uxjaay

i AP/ EETY)
ﬁoo 11,5554 0.401
11 43?‘_“1 3 .
A "’]’ 610 -0.191* 0.086
=B ol oo 53,627+ 7323
T 0.004* 0,060
}b‘]‘:]—— ]T 7'10 ‘0063
.

7194e] =FH] g o WAEAN] FA} Azl wet mAP s wal
A AZH] 8] P2 AR L A8k, |9le) =)
& ol WEEAN] i 7By 1.561, BE WIS, 0.443

ol =% EAMo Folalolth. wEH & tn] BEEUN A7ko] A
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(F 57) =562 O] DSSe| Hsjo| ojxasay

T A2t FFoA}
B 1,561 0.4101
g Ea} Buo 0.443* 0.5378
Bag -0.327¢ 0.2592
Too 57.250% 7.566
ol ET} T 65.851%** 8.115
Ty 15,546 3,943
Tio 0.826
A oo -0.882
To1 -0.994

Z:7 P(1, * pl0.05, * p(0.01, *** p{0.001.

woll et 7Aoo 2 FRshEAlE YEile i HEHE(6,)2 -0.327
2 FAAE FoJstditt. 71¢e] =EhE TJJH] WSFEN] 2T 24t
(Too)2 57.250, 7199 L=} WHakgo] wiHr,)S 65.851, 719 o]z W
g BiK(Ty,)S 15.54608 BF FAIHo R Foltsith ol AlRto]
S5 mEt =FHE e 2SEnt 719l wet zfolzt qidict. o]
o, TAEANZ = o|x[eHr Al y=—0.3272" +0.443z + 1.561 0]}

7151e) wgH) g vu] mEE] T Astel 7)o SAo] mlx: o

Of

e sietst] S8l Rxd oAby mel Wele T 2AYIRY
& Ag3le] A AR < 5-8-3} 2t} FUH 719e) 54 F
a8 bl BAEI] S0 UET A TPE A 8
ele Al FHB=1700, p<l), HHAF AF A9 AN oR(8

=
°T

=5.879, p<.05)=, FdAl AP H 22} A2 A Algo] =508 of
AEEFAHE FosHl ST As & 7 Aok =EHE e 2
SE9d] 7S Wskgdl foldt S vl A2 PE(521=0.037,
p<.l), AZY FF(B7=1.042, p<1), AIA F5(B211=-0.894, p<. 05) g
A2 A2 AL AA] oJF(B16=-2.352, p<.1)o|t}. &, AxY oHe

I
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(E 58) L=H|2 CjH| mSSaH| Wsl20] Cfst 7|e] EMo| 1}

T A= S.E.

For YEAR slpoe 9, B 0,434 0.477
|, Bu 0,076 0.046
2016 AT HeoH, B, 1.497 1.531
=24} 7, i 0.000 0.001
A7) v, Pu 3.383 2,590
33 HlE, Bis 0.486 3.093
27 vlg, B 3.631 2,662
Az o, By -1.776 1,137
191 viEd, Bis 0.047 0.869
191F 2ol By -1.186 0.838
=Z oy /))110 -0.449 1.180
A S, B 1.700 011"
AeTA = o, Lz 1,736 1.304
WEFA AEA o s 0.332 1.027
WEEH ARRAIE R By 0.006 0.664
1-8HY FAY FFHE, s 1.096 1.801
B2z A3 A AR o Bug 5.879 2,955¢
AEAE Y o By 0.085 1,424
2552 AR o Bus 0.017 0.923
For YEAR slope H¥, By -0.331 0.233
9, B 0,037 0.021"
2016 AT Hgoi, By 0,662 0.783
224} 7, B 0.000 0.000
At v, Bu -1.607 1.311
W BlE, P 0,459 1.476
4 ng, Bas -1.757 1.307
AzA A, By 1,042 0.576*
191 viE, B 20,113 0.395
191 <2ol2], By 0.608 0.390
2 o B 0.401 0.594
AdA 75, Lo -0.8%4 0.433*
A TA =Y AR, Lo 0.931 0.644
WEFH A o, fas 0.162 0.522
WS A}ﬂﬂlﬁl oA B -0.105 0.320
-8R FAH| FFHE, Bus 0.755 0.915
H2r} 22 219 2] o By 2352 1331
AeEAY 71 oA By -0,046 0,606
2522 AIRY o B 0,034 0,500

Z:" p(1, * p0.05, * p0.01, ** p(0.001,
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Sulg ojn) sz wsle) /)
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H]-& o] a5-Edn] wste] 713
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X

Foiet. 1<

°

g]

o

T

o=

3|
4]

5-9>¢} At} 21

<%

.
T

= Zloe vee,

5

==

skelen, 1 2y
T TEAIRES] 2713 5y)S 23.5200.2 57

SHA <

0

g]

3

o
A

Frelstel

;§|O§

29572 &A

[e)
— -

()

o

1.151
1.135
16,966
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