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28 ¢ Jdx= U3t 8 4 (Generalized Propensity Score)E A etalith. &
Wl AdHdFr(t, X) & FoAW A FRHAX) stdA 545 AXHE TS
ZAFSER og A3 o] Aoy

r(t, X)=pr(T=t|lX=2x)= E{I(t)| X=2} <A 27>

o
2|

DRAFFAFAN Mg Fad ARe Fold BIUS sol A AR

o o] &do] kst W& %F A (weakly unconfounded)

o
=
I
>,
Y
fu)
rr
N
)

2,
sy
u)

1)1 Y(t)x <2 28>

2 AP FEAX) SFolA AXHEF(T)7E Be FAAA A3 Fh(potential
outcomes, Y(1), .., Y(m))oll thalrx =S ow|gtc) vk kgt v & 54

< Foj AR FHAX) st A NI A R AT 7F A A (1)
= WS el A A3 gY))F FHAdS 9

| &5 0] W, Fof

o

|8ttt Imbense whHok

ol

o
jus)
rlo
L

oZl Abd TSl stol A A AW dde| of



(o3

ARAZFAF vt X) FAH ANEE TG o WESHo] BEYS

his

il

1) L Y(t)lr(t, X) <2 29>

Bt,r)=E{Y(t)lrt,X)=ri= E{YIT=t,r(T,X) =1} <A 30>

g z7o] MEAW, A2 o] T P4 FAH A3} FE b

<2 31>3 2

E{Y(#t)}= E{B(t,rt. X))} <2 31>
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t1=1 if X t1">0
t1=0 if X t1°<0

<2 45>
t2=1 if X t2°>0

t2=0 if X t2°<0

THERFS AAEs ¥ AWt AAE AdH A=mcMe #BAE

QAGE vl FEAEol AAtE A¢s ANA BE FS

y=0.1x11+0.3x12—0.25 X t1 X {2+0.4X 21 +0.3 X 22+ 0.1 X 23+0.2 X 24 +e,; <2 46>

e;; ~ N(0,1)

y=—0.1x¢t1+03x124+04x21+0.3x22+0.1x23+02x 24 +e..e.. ~ N0,1) <2 47>

ij, €ij
Bo)Ade Azl 7 2AEE 1000718 9] dlolHE WA A (replication) 3F
Ak AAAE s = F 20000706 AR F GHARA x 27 FEAE

1,0008] wh)oltt,

A g BEAAaE #Ho(bias), AthZ #H(relative bias), ¥ A

23 x 274 AHdezA

X

L 2HMSE; Mean Square Error)E 7|s=S = H7Fstgth Hels FAX A

=

EER

gholm], i Mol <A 48>3 o] s EFAZ o

2
.

HN
BN
o

2 AL FAANY AHZA(accuracy)ES H7MeH(Hoogland &

Boomsma, 1998).
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<E N-1> Rol8gA4E B4 ($EAE0] Gt A%, 4EA4E VG B )

- GAAA dee 2HRY goAA] A9 4R
Abdl 4 oy A1 2] Y ;‘rl%bgi; (;lxé o g'r%b;t (5227@ : SUBP" MP™
Bias! 0.090 -0.058 0.000 0.004
tl  Rel.Bias® -0.901 0.576 0.002 -0.038
- MSE? 0.817 0.339 0.006 0.007
= Bias! 0.384 -0.013 0.000 0.000
t2  Rel.Bias? 1.279 -0.045 0.000 0.001
MSE? 1.641 0.007 0.004 0.005
Bias' 0.038 -0.115 0.000 0.004
tl  RelBias? -0.383 1.154 0.003 -0.042
5 MSE? 0.151 1.339 0.006 0.007
e Bias' 0.387 -0.009 0.002 0.001
t2 RelBias? 1.290 -0.031 0.006 0.003
MSE? 1.670 0.005 0.005 0.004
1,000 Bias! -0.012 -0.177 0.000 0.005
tl  RelBias? 0.124 1.774 0.001 -0.050
- MSE? 0.020 3.155 0.006 0.008
0 Bias! 0.402 0.002 0.002 0.000
t2 RelBias? 1.341 0.008 0.006 -0.001
MSE? 1.804 0.005 0.005 0.005
Bias! -0.069 -0.235 -0.001 0.005
tl  Rel.Bias? 0.695 2.349 0.012 -0.054
- MSE? 0.487 5.524 0.006 0.009
T2 Bias! 0.432 0.043 0.002 -0.002
t2  Rel.Bias? 1.438 0.142 0.006 -0.006
MSE? 2.075 0.025 0.005 0.005
Bias! -0.143 -0.315 -0.003 0.004
tl  Rel.Bias® 1.426 3.150 0.027 -0.043
r=A4 MSE? 2.038 9.929 0.009 0.011
Bias! 0.482 0.104 0.005 0.000
r Rel Bias® 1.607 0.346 0.015 -0.001
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T e auas e adae ta)  SUBY MP
MSE 2,589 0125 0.007 0.008

Bias 0.090 ~0.088 0.000 0.005

t RelBias®  -0.901 0578 0002 ~0.049

MSE 0817 0342 0.006 0.003

A Bias 0.384 -0.014 0.000 0.000
2 RelBias 1279 -0.048 0.000 0001

MSE 1,641 0007 0.004 0.001

Bias 0038 ~0.116 0.000 0.005

1 RelBias  -0.383 1158 0.003 ~0.053

MSE 0151 1.349 0.006 0.004

e Bias' 0387 -0.010 0002 ~0.001
2 RelBias 1290 -0.034 0.006 ~0.003

MSE 1670 0.005 0.004 0.001

Bias' ~0.012 0.172 0.000 0.006

1 RelBias 0125 1.715 0.001 ~0.060

500 MSE" 0.020 2950 0.006 0.005
Bias' 0.402 0008 0.002 ~0.002

2 RelBias 1341 0026 0.006 ~0.006

MSE" 1805 0.005 0.005 0.001

Bias ~0.069 ~0.235 ~0.001 0007

1 RelBas 0695 2349 0012 0072

i MSE 0.487 5524 0.006 0.006
2 Bias 0.432 0043 0.002 ~0.004
2 RelBias 1438 0142 0.006 0013

MSE 2075 0025 0.005 0.001

Bias ~0.143 0315 ~0.003 0.007

t RelBias 1426 3150 0027 ~0.073

_ MSE 2.038 9929 0.009 0.007
Bias 0.482 0104 0.005 ~0.004

2 RelBias 1607 0346 0015 -0.013

MSE 2,589 0125 0.007 0.002

*SUBP: Seemingly unrelated bivariate probit model, “MP: Multinomial probit model, Bias'=3% |

-2 3], RelBias® Relative Bias, MSE® Mean Square Error.
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0.005
0.054

-0.058 -0.001
-0.583 -0.015
0.014

0.091

Bias'

0.907
0.833

Rel.Bias®
MSE?

t1

0.014
-0.001
-0.003

0.356
-0.014
-0.046

0.002

0.384
1.281

Bias'

-4

=

1,000

0.006
0.010

Rel.Bias®
MSE?

t2

0.015 0.012

1.653

0.002 0.003 -0.003

-0.001

t1xt2 Bias!
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= =h 31 & SE
Abel ﬂﬂ:& A Probit (tlL - Probit (12 . .
o Aejpel =4) Agwe xg)  OUDL MP
Rel.Bias? - - - -
MSE* 0.026 0.031 0.031 0.022
Bias' 0.038 -0.118 -0.003 0.007
t1  RelBias’ 0.377 -1.176 -0.026 0.075
MSE? 0.152 1.397 0.013 0.021
Bias' 0.387 -0.011 0.000 0.002
— {2 RelBias’ 1.289 -0.037 0.000 0.008
MSE? 1.673 0.013 0.013 0.016
Bias 0.001 0.005 0.004 -0.005
t1xt2 RelBias? - - - -
MSE? 0.024 0.028 0.030 0.032
Bias -0.010 -0.171 0.000 0.007
t]  RelBias' -0.103 -1.708 0.003 0.075
MSE* 0.021 2.932 0.013 0.016
Bias' 0.405 0.010 0.003 0.002
r=0 2 RelBias’ 1.349 0.032 0.010 0.008
MSE? 1.831 0.013 0.013 0.010
Bias' -0.005 -0.001 -0.001 -0.005
t1xt2 RelBias? - - - -
MSE? 0.024 0.028 0.030 0.021
Bias' -0.067 -0.234 0.000 0.010
t]  RelBias’ 0.670 2.341 -0.002 -0.097
MSE? 0.459 5.495 0.014 0.021
Bias' 0.434 0.044 0.004 0.003
r=2 12 RelBias’ 1.447 0.147 0.015 0.010
MSE* 2.107 0.034 0.014 0.012
Bias' -0.005 -0.002 -0.004 -0.009
t1xt2 RelBias? - - - -
MSE? 0.025 0.029 0.033 0.024
Bias' -0.141 -0.315 -0.002 0.008
t1  RelBias: 1.410 3.148 0.024 -0.076
MSE? 2.000 9.928 0.019 0.022
=4 Bias' 0.484 0.105 0.007 0.004
{2 RelBias’ 1614 0.350 0.023 0.013
MSE? 2,618 0.136 0.019 0.016
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Bias' -0.004 -0.001 -0.003 -0.007
t1xt2 RelBias® - - - -
MSE? 0.027 0.032 0.044 0.033
Bias' 0.092 -0.058 0.000 0.004
t1  RelBias’ -0918 0.583 0.000 -0.042
MSE? 0.845 0.343 0.003 0.004
Bias' 0.3%6 -0.016 -0.001 0.000
r=—4 2 RelBias’ 1.288 -0.052 -0.002 -0.001
MSE® 1.662 0.005 0.003 0.002
Bias' -0.001 0.002 0.001 0.001
t1xt2 RelBias? - - - -
MSE? 0.005 0.006 0.006 0.004
Bias' 0.040 -0.116 0.000 0.005
t1  RelBias -0.398 1.163 0.001 -0.048
MSE? 0.160 1.356 0.003 0.004
Bias' 0.389 -0.013 -0.001 -0.001
r=—2 12 RelBias’ 1.295 -0.044 -0.002 -0.004
MSE? 1.680 0.004 0.002 0.002
000 Bias 0.000 0.002 0.001 0.001
t1xt2 Rel.Bias? - - - -
MSE? 0.005 0.006 0.006 0.004
Bias' -0.010 -0.172 0.001 0.006
t]  RelBias’ 0.103 1718 -0.006 -0.058
MSE? 0.013 2.956 0.003 0.006
Bias' 0.404 0.006 0.001 -0.002
r=0 2 RelBias’ 1.348 0.020 0.003 -0.006
MSE? 1.820 0.003 0.002 0.002
Bias' -0.002 0.000 0.000 0.000
t1xt2 RelBias? - - - -
MSE? 0.005 0.006 0.006 0.004
Bias' ~0.067 -0.234 0.001 0.007
t1  RelBias’ 0.672 2.343 -0.005 -0.073
=2 MSE* 0.454 5.493 0.003 0.008
o B 0.433 0.041 0.001 -0.004
Rel. Bias’ 1.442 0.136 0.002 -0.012
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MSE? 2.081 0.021 0.003 0.002
Bias' -0.002 0.000 0.000 0.000

t1xt2 Rel.Bias? - - - -
MSE® 0.005 0.006 0.007 0.005
Bias' -0.140 -0.314 0.000 0.008
tl  Rel.Bias® 1.398 3.141 0.004 -0.077
MSE? 1.956 9.866 0.004 0.010
Bias' 0.482 0.101 0.003 -0.003
r=4 t2  Rel.Bias® 1.605 0.338 0.008 -0.011
MSE? 2.579 0.117 0.004 0.003
Bias! -0.002 0.000 -0.001 -0.001

t1xt2 Rel.Bias? - - - -
MSE? 0.005 0.006 0.009 0.007

*‘SUBP: Seemingly unrelated bivariate probit model, **MP: Multinomial probit model, Bias'=F#x]-%x4=3],
Rel.Bias* Relative Bias, MSE* Mean Square Error.
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<E N-2>9 AnelAE 45AEFo] 0 Ate o

2219 Helo & JFS Hxx F=

Ao wolx Anel gulH),

GAdA A AddHe =AY geAA Add9d
ARz
AL 4 oy A Probit (tl Probit (t2 SUBP*
Aol x74) dede] 24)
Bias' 0.090 -0.058 0.000 0.004
tl  Rel.Bias® -3.605 2.309 0.007 -0.153
4 MSE® 13.004 5.341 0.006 0.029
Bias' 0.384 -0.014 0.000 0.000
t2  Rel.Bias® 2.192 -0.081 0.000 0.001
MSE® 4.812 0.011 0.004 0.005
Bias' 0.038 -0.116 0.000 0.004
tl  Rel.Bias® -1.529 4.632 0.012 -0.169
1,000 L, MSE? 2.344 21.459 0.006 0.034
Bias' 0.387 -0.010 0.002 0.001
t2  RelBias? 2.211 -0.059 0.010 0.004
MSE* 4.896 0.008 0.004 0.004
Bias' -0.013 -0.172 0.000 0.005
tl  Rel.Bias® 0.501 6.861 0.004 -0.201
=0 MSE* 0.256 47.085 0.006 0.046
Bias' 0.402 0.008 0.002 0.000
@ Rel.Bias® 2.299 0.045 0.010 -0.002
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MSE* 5.292 0.006 0.005 0.005
Bias' -0.069 -0.235 -0.001 0.005
t]  RelBias’ 2.780 9.395 0.048 -0.216
MSE* 7.731 88.264 0.009 0.053
r=2 Bias' 0.432 0.043 0.002 -0.002
2 RelBias’ 2.466 0.244 0.011 -0.011
MSE* 6.086 0.064 0.005 0.006
Bias' -0.143 -0.315 -0.003 0.004
t]  RelBias’ 5.701 12.598 0.111 -0.174
) MSE? 32,502 158.715 0.020 0.039
=4 Bias' 0.482 0.104 0.005 0.000
2 RelBias’ 2.755 0.594 0.027 -0.002
MSE? 7596 0.358 0.008 0.008
Bias' 0.092 -0.058 0.001 0.003
t]  RelBias’ -3.663 2.301 -0.029 -0.107
. MSE* 13.415 5.207 0.002 0.013
Bias' 0.386 -0.015 0.000 0.000
t2  RelBias’ 2.207 -0.085 0.000 0.003
MSE* 4.872 0.008 0.001 0.001
Bias' 0.040 -0.115 0.001 0.005
t1  RelBias’ -1.587 4618 -0.028 -0.212
L MSE? 2.520 21.324 0.002 0.046
Bias' 0.388 -0.013 0.000 -0.001
5000 t2  RelBias’ 2.219 -0.072 0.000 -0.005
MSE? 4927 0.006 0.001 0.001
Bias' -0.011 -0.172 0.000 0.006
tl  RelBias’ 0.440 6.868 -0.020 -0.239
0 MSE? 0.194 47175 0.002 0.058
Bias' 0.404 0.006 0.001 -0.002
{2 RelBias’ 2.306 0.034 0.004 -0.009
MSE? 5.320 0.002 0.001 0.001
Bias' -0.068 -0.234 0.000 0.007
=9 ] RelBias 2715 9.370 -0.018 -0.288
MSE? 7.372 87.802 0.002 0.084
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o] FAANE HYE oA FEAEane] FHAXNE YARSIE ¥
sEdete kg ow FAHAUE APAdel Aol U A s (Harrison,

2008).

A, o] FMZAFAE FIALTE AAIYE <F NV-3>¢ At v

B, @dAR] 2 RGAM vebd A derh 2 ey

i

<E N4> Bol89AR BHA (3580l At A9, 454 LT 2Y)

GaAA A 24wy RN Adwe] 24ud
el ﬂjl]"z} AA Probit (t1 Probit (t2
o Aupe) £74) AupAs zq4) OULL MP™
Bias 0.091 0,059 0,001 0.005
f RelBias 0907 0586 0015 ~0.054
MSE' 0.833 0.360 0.014 0.014
Bias 0.334 0015 ~0.001 0.002
r=4 2 RelBias 1.281 0,049 0,003 0.006
MSE! 1.653 0.015 0.012 0.010
Bias' ~0.001 0.002 0.003 0,003
{142 Rel.Bias 0.005 ~0.008 0,010 0.013
MSE' 0.026 0.031 0.031 0.021
1,000 Bias' 0.033 0118 0,002 0.005
1 RelBias 0377 1180 0.023 ~0.050
MSE' 0.153 1.408 0015 0.013
Bias' 0.387 0,012 0.001 0.002
=2 12 RelBias 1.289 ~0.040 0.004 0.006
MSE' 1672 0.013 0.013 0.009
Bias' 0.001 0.005 0.002 0,002
X2 RelBias® 0,004 0,018 0,018 0.021
MSE' 0.024 0.029 0.033 0.020
=0 tl Bias 0,010 0171 0.000 0.007
- 64 -



BE

()

EDEEINER

i
il

o 24wy

0EAAN Adewe] 24wy

s L E s . :
o auns e auas e  SUBY MP
RelBias 0103 1714 ~0.003 0075
MSE’ 0.021 2,952 0.013 0016
Bias 0.405 0.009 0.003 0.002
{2 RelBias 1.349 0.028 0.010 0.008
MSE’ 1.832 0013 0.013 0010
Bias: ~0.005 0.000 ~0.001 -0.005
(X2 RelBias' 0018 0.003 0.005 0021
MSE’ 0.024 0.028 0.030 0.020
Bias! ~0.067 0234 0.000 0010
tl  RelBias 0670 2341 0.002 0.007
MSE' 0459 5.495 0014 0.021
Bias 0.434 0.044 0.004 0.003
r=2 12 RelBias 1447 0.147 0015 0010
MSE! 2107 0.034 0.014 0012
Bias £0.005 -0.002 ~0.004 £0.009
(x2 RelBias 0021 0.007 0015 0.036
MSE! 0.025 0.020 0.034 0025
Bias ~0.141 0315 ~0.002 0.008
I RelBias  -1410 3148 ~0.024 0.076
MSE’ 2.000 9.928 0.019 0022
Bias 0.434 0.105 0.007 0.004
4 2 RelBias 1.614 0350 0.023 0013
MSE! 2,618 0.136 0.019 0016
Bias! -0.004 ~0.001 -0.003 -0.007
dx@ RelBias 0015 0.003 0.010 0.030
MSE’ 0027 0.032 0.044 0.034
Bias' 0.092 ~0.058 0.000 0.004
1 RelBias 0918 0583 0.000 0.042
MSE’ 0845 0343 0.003 0.004
Bias 0386 0016 ~0.001 0.000
2000 A Rel Bias 1.288 0052 ~0.002 -0.001
MSE' 1.662 0.005 0.003 0.002
Bias ~0.001 0.002 0.001 0.001
T peBas 0003 -0.006 -0.006 -0.005
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s LS A Probit (t1  Probit (t2
o Aupe] 274) A xq) OUBL MP™
MSE’ 0.005 0.006 0.006 0.004
Bias' 0.040 -0.116 0.000 0.005
t1  RelBias 0.398 -1.163 -0.001 0.048
MSE! 0.160 1.356 0.003 0.004
Bias' 0.389 -0.013 -0.001 ~0.001
r=—2 2 RelBias 1.295 -0.044 -0.002 ~0.004
MSE’ 1.680 0.004 0.002 0.002
Bias' 0.000 0.002 0.001 0.001
{1xt2 Rel Bias* 0.001 -0.007 -0.006 -0.004
MSE! 0.005 0.006 0.006 0.004
Bias' -0.010 ~0.172 0.001 0.006
t1  RelBias -0.103 1718 0.006 0.058
MSE! 0.013 2,956 0.003 0.006
Bias' 0.404 0.006 0.001 ~0.002
r=0 {2 RelBias’ 1.348 0.020 0.003 -0.006
MSE! 1.820 0.003 0.002 0.002
Bias' ~0.002 0.000 0.000 0.000
{1xt2 Rel.Bias’ 0.007 -0.001 0.001 ~0.002
MSE! 0.005 0.006 0.006 0.004
Bias' ~0.067 -0.234 0.001 0.007
t1  RelBias’ ~0.672 -2.343 0.005 0.073
MSE! 0.454 5.493 0.003 0.008
Bias' 0.433 0.041 0.001 ~0.004
r=2 12 RelBias’ 1.442 0.136 0.002 -0.012
MSE! 2,081 0.021 0.003 0.002
Bias' -0.002 0.000 0.000 0.000
{1xt2 Rel.Bias’ 0.006 0.000 0.002 0.001
MSE! 0.005 0.006 0.007 0.005
Bias' -0.140 -0.314 0.000 0.008
t1  RelBias -1.398 -3.141 -0.004 0.077
MSE’ 1.956 9.866 0.004 0.010
r=4 Bias' 0.482 0.101 0.003 -0.003
i RelBias 1.605 0.338 0.008 -0.011
MSE! 9,579 0.117 0.004 0.003
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0.000 -0.001 -0.001
0.001

-0.002

Bias!
t1xt2 Rel.Bias?

0.004
0.007

0.003

0.009

0.007
0.005

"SUBP: Seemingly unrelated bivariate probit model,
Rel Bias® Relative Bias, MSE® Mean Square Error.

0.006
“MP: Multinomial probit model, Bias'

MSE®
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g z4d) 77 dald, Zey wdqA 4EF Aug o] FEL wgow
AgE TtEAE AEdsi o] dgER JteAE FUH A FAE A
THdEe] WaFetn B Atus Fojo] fog dFE vAA @ Aow
e}
<E IV-5> At o] AA el
%3} o of
W NEA A% A EA 48 FEA A8 A AEA 48 F
Coef. SE.  Coef. S.E. Coef. SE.! Coef. SE.
AbH Bk g 3o -0.266™" 0.068  0.031  0.078 | -0.293" 0.068  0.007  0.076
EBS A% -0.180™ 0.067 -0.041  0.078 | -0.148" 0.069  -0.003  0.078
APH Abals 3] 1.155" 0.053 0.050  0.058 | 1.174™ 0.050 0.015 0.053
51 135 A ¥ 0.032 0.086 0084 0106 | -0.194" 0.076  -0.089  0.089
2 FRAIZE 0.008 0.014: 0001 0017 | 0033 0014 0.002 0.017
ALH S = 0.002 0.001: 0.001  0.001 | 0.001" 0.000: 0.000  0.001
FEEA AR -0.167  0.088: 0.066  0.100 | -0.233" 0.087 i -0.001  0.098
g i-zlol of 5 -0.336"" 0.080 . 0.030  0.091 | -0.298™ 0.093 -0.006  0.104
o] 3+ A 0.100" 0.049 0013 0058 | 0.063 0.047 0.015 0.054
A A 0.147" 0.048 0.023 0.058 | 0.125" 0.046 0.007 0.052
Rk 0.023 0.013: 0009 0.016 | 0.012 0.012: 0.004 0.014
7N &F 0.013 0.012: -0.004  0.014 | 0.014 0.011: 0.001  0.013
THH = 0.125"" 0.035. 0.002  0.044 | 0.111" 0.034 -0.005  0.040
WAL €] -0.041  0.036 -0.029 0.043 | -0.075" 0.035 -0.022  0.040
FHEUEE -0.069° 0.031:-0.008 0.038 | 0.016 0.030 0.019 0.035
FeE 0.092° 0.043: 0.011 0.052 | 0.055 0041 -0.007  0.047
THEHE -0.112" 0.041  -0.012  0.050 | -0.116™ 0.039 0.008  0.045
AAER 0.000  0.038: 0.007 0.046 | 0.032 0.037: 0.010 0.042
2O A4S 0.194"* 0.041 . 0.028  0.050 | 0.219™ 0.041 -0.012  0.049
SR A A 0.087 0.046. 0.032 0.055 | -0.003 0.044 0.019 0.051
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0.087
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0.000

19.457

1.994
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0.000
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0.078

Coef.

0.102

-0.034

0.075

-0.059

0.118

-0.005

0.020

0.001

0.000

SE.
0.069: 0.070
0.083
0.060
0.094

Coef.

0.711

-0.042

-0.172™

-0.038

0.016: 0.001

0.001

0.002

0.000

Tor

Ak

SE.
0.075

Coef.
-0.016

0.101

-0.010

0.079

0.009

0.132
0.021

0.001

0.000

O
"

SE.

Coef.

0.805™" 0.068

0.039
-0.198™

0.076
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EBS A%

0.097 . 0.087

-0.045
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0.001
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ot o of
ERRE AEA A8 A AEA A F|AFA A8 A AFA 48 F
Coef. SE.  Coef. SEE. Coef. SE. Coef. SE.
FREA oF 0.149  0.092 -0.020 0112 | 0.182° 0.092 -0.021  0.111
Shg-xlob of 4 -0.035 0089 0.065 0111 | -0.167 0.108 -0.019  0.135
S 0.005  0.055;-0.006  0.076 | 0.019 0.055; 0.020  0.068
A A -0.122" 0.054 -0.005 0.075| -0.064 0.054:-0.016  0.067
w8k -0.019 0.014 -0.008  0.020 | -0.007  0.014 -0.008  0.018
71 il &5 -0.006  0.013: 0.000 0.018 | -0.023 0.013:-0.018  0.017
THHE -0.041 0.041 0.021 0.054 | -0.049 0.040-0.027  0.049
WAL €] -0.035 0041 -0.028 0.056 | 0.006 0.041 -0.018  0.051
FHNEE 0.045 0.036: 0.017 0049 | 0.066 0.035 0.042  0.044
gFey -0.031 0.049: 0.035 0.068 | -0.058  0.048 -0.007  0.060
TEEH 0.067  0.047  -0.009  0.064 | 0.069 0.046: 0.030  0.056
AAERE 0.016 0.044 -0.057 0.056 | 0.043 0.043 0.018 0.053
2O AS -0.150" 0.044  0.002  0.063 | -0.144™ 0.044 -0.078  0.056
SR A A 0.038  0.052:-0.039 0.070 | 0.089 0.051: 0.051  0.062
A 0.047  0.066 -0.023  0.090 | 0.027 0.065 0.005  0.082
gy e Folg 20437 03550 0183 0458 | 1.921™ 0350 0.627  0.430
StugHd 245 0.004 0131 0098 0.184| -0.029 0.130: -0.008  0.163
p<.001, “p<.01, p<.05
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Ueb e, AbLE Feloli A waEsta gol, EBSAH, AA Abag %
of, A SYYAE, SiirAlo o, A o, £ R gHHE, AFaS
Fol fo@ QBT WAL Ao Yyt PAL Ba AEE 438 HF
g AgSE oldF A FACE PAFIW L AE Folo] 9
dee vAA g Ao et
<E IV-9> WakFstal gl Atulg o]l A e
] o
ERr Woh ki el Abug el [PabFeha el Abug ol

Coef. SE. Coef. S.E. Coef SE. Coef. SE.
AbH Bk g 3o 0.799"" 0.068  -0.270™" 0.068 | 0.708™" 0.069 -0.296"" 0.068
EBS A% 0.039  0.076 -0.179" 0.067 | -0.042  0.083 -0.148" 0.069
AbH Abas 3] -0.208" 0.062 1.154™" 0.053 | -0.176™ 0.060: 1.174™" 0.050
551 135 A4 -0.042  0.096: 0.030 0.085| -0.031 0.094:-0.199" 0.076
2 FHAIZE 0.017 0016 0009 0014 | 0001 0016, 0.033" 0.014
ALH S = -0.001  0.001: 0.002"" 0.001 | 0.000 0.001: 0.002 0.000
FEEA A% 0.155  0.092 1 -0.165 0.087 | 0.187° 0.091 -0.233" 0.087
g i-zlol of 5 -0.027  0.088  -0.328"" 0.079 | -0.167  0.108 -0.294™ 0.093
o] 3+ A 0.004 0.055  0.101° 0.049 | 0.018 0.055: 0.062  0.047
A A -0.120" 0.054 0.145™ 0.048 | -0.061 0.054: 0.125" 0.046
ek -0.019 0014 0.023 0013 | -0.008 0.014: 0.013  0.012
N &5F -0.006 0.013. 0.014 0012 | -0.024 0.013: 0.014  0.011
TFHH = -0.041 0.041 0.124™ 0.035 | -0.048 0.040, 0.111" 0.034
WAL 9 -0.035 0.041 -0.042 0.036 | 0.007 0.041 -0.076" 0.035
TFHUEE 0.046  0.036 -0.069° 0.031 | 0.065 0.035 0.016 0.030
gEry -0.031  0.049  0.092° 0.043 | -0.057 0.048 0.054 0.041
SHEHE 0.064 0046 -0.113" 0.041 | 0.067 0.045 -0.115" 0.039
AHAER 0.022  0.043: 0.001 0038 | 0.046 0.043 0.032  0.037
e b -0.150" 0.044 . 0.193"" 0.041 | -0.140" 0.044 0.217" 0.041
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0.041 0.052; 0085 0046 | 0.092 0.051-0.004  0.044

0.054 0.065: 0076 0059 | 0.033 0.065 -0.013  0.055
2.050"" 0356, -0.037  0.333 | 1.905™" 0.350;-0.069  0.323
0.009 0131 0159 0116 | -0.023 0.130: 0.042  0.109

-0.227 (x*=37.79, p=0.000) ~0.190 (x?=27.489, p=0.000)

*p<.001, “p<.01, "p<.05

-0.054  0.090 -0.071  0.094 | -0.001  0.093 -0.013  0.097
-0.046 0113 0.085 0.115| 0.033 0.114 -0.059  0.120
-0.068  0.088 -0.079  0.090 | -0.087 0.084 -0.026  0.086
0.082 0159 0.043 0158 | -0.044 0.145 -0.134  0.152

-0.040  0.024 0.017 0025 | -0.028 0.025 0.008  0.028
-0.001  0.001: 0.001  0.001| -0.001 0.001 0.000 0.001
0.108 0.133;-0.003 0134 | 0.080 0.129:-0.022  0.142
0130 0128 0161 0128 | 0.090 0.157; 0121  0.164

-0.011 0.08 0.035 0.087 | 0.007 0.081 -0.057  0.085

0.028 0.083 -0.089  0.085| 0.041 0.077 -0.055  0.079
0.008  0.022:-0.010  0.022 | 0.003 0.022: 0.002  0.022
-0.029  0.021 -0.006  0.021 | -0.037 0.020 -0.001  0.022

0.008 0.061;-0.043 0.061 | 0.036 0.055:-0.018  0.058
-0.020 0.062 -0.048  0.064 | -0.060 0.059 -0.060  0.062
0.093 0.053; 0.029 0054 | 0.021 0.051; 0.056  0.052
0.026 0.073: 0066 0074 | 0.030 0.073 -0.021  0.076
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A58 HFAE AeoH olde Ad THeso] waFen U A}
* g w4 B Aow ey
<E V-12> wasga 9 AbuS o] A4 a9l
3t ol
LS FAPATR Ao] L5 2ol FUATR B 2F A
Coef. SE.. Coef. SE. Coef. SE. SE.. Coef. SE.: Coef. SE.
0067 0103 1141 0.114 0577. 0.127 0101 0.926™ 0.112 044" 0.129
0262 00970059 0.131-0166 0.133-0.244° 0.099-0198 0.142-0.199 0,142
1588 0,078 0246° 0103 1.132. 0.112 <0072 02027 0,098 1.212 0,110
0003 0122-0.176 0.196 0020 0.166-0.316" 0.109-0306 0179-0.274 0.157
0034 0020 0,086 0.029 0010 0028 0.063" 0.020 0.061° 0029 0.017 0.029
0003 0001 0.001 0.001 0002 0.001 “0001 0003" 0001 0.002 0.001
0207 0120 0014 0148 0072 0164-0.358" 0.127 0048 0145 0.041 0.169
0583 0.115-0.322° 0.143-0221 0.156-0.461" 0.132 0335 0170 -0.426" 0.203
0134 0071 0.043 0.100 0140 0.096 0067 0.053 0097 0.103 0.096
0166° 0.069-0.171 0.100 0045 0.095 0066 -0.08L 0.096 0.098 0.003
0020 0019-0.043 0026 0017 0.025 0018 -0.003 0.025 0.005 0.025
0024 0017 0017 0025 0004 0.024 0016 -0.001 0.024-0.021 0.023
0153" 0.051-0.043 0.074 0105 0070 0.141 0.049-0056 0070 0.082 0.070
0054 0052-0042 0.075-009% 0071 0050 0.006 0.072-0108 0071
0098 0.045-0006 0.066-0.022 0.061 0043 0.093 0063 0.112 0.060
0100 0063-0.062 0.087 0102 0.085 0059-0.117 0.083 0024 0085
0101 0060 0.160 0.085-0114 0.081[-0.118" 0.056 0148 0081-0.103 0.079
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Coef. S.E.. Coef. S.E. SE.. Coef. SE.; Coef. SE.
-0.036  0.055-0.070 0.076(-0.008  0.053 -0.075 0.075 0.180° 0.077
0.237"" 0.060-0.147" 0.081 0.058-0.160 0.072 0.120 0.083
0122 0.067 0.043 0.092-0.028 0.063 0.011 0.088 0.153 0.091
0.044  0.085-0.093 ©0.113-0.060 0.079-0.124 0120 0.084 0.110
0.095 0.488 2.394™" 0.638 2‘661? 0.630 0470, 2.952" 0610, 2.029™ 0.626
0.208 0166 0.040 0.245 0.248 0.228 0.156-0.162  0.237 0.066 0.224

“*p<.001, “p<.01, "p<.05
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3 o]
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Coef. S.E. Coef. S.E.

0.094
0.111
0.090
0.180

0.047  0.092 -0.043  0.094
-0.011 0121 -0.039  0.123
-0.061  0.086 -0.019  0.086
-0.200 0165 0.006  0.175

0.025
0.001
0.133
0.122

-0.005  0.025 -0.008  0.027
0.000  0.001: 0.000  0.001
-0.015 0126 -0.114  0.130
-0.044 0148 -0.035 0.154

0.095

0.094
0.024
0.022

0.025  0.083 -0.053  0.085

-0.003  0.081 -0.009  0.082
-0.002  0.024: 0.008  0.023
-0.016  0.021. 0.007  0.021

0.057
0.063
0.052

0.023  0.057:-0.003  0.057
-0.040  0.059:-0.020  0.061
0.028 0.053: 0.034  0.053
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T EE As EEeR t b

. AbaL& 3he 22625 2.273 9.956 0.000
E3
W} S x AL DL 3o -17.027" 6.498 -2.620 0.009

“*p<.001, “p<.01, "p<.05

Az o] deos 24 BYa v AR dgHES A =4

SAdA A =24 G A 24

dEagoswgy DORRE IO Y e MP?
Coef. SE. Coef. SE. Coef. SE. Coef. SE.
. WaE 3ol -15.064"" 2.239; -4670 2726, -2350 2756 -8630" 2.725
A RN o A& Fho] 38977 2127 38780 1.994 43.485™" 2.016. 41.212"" 2.016
S o WE 3ol -9.116™" 2.334; -2662 3105 -10489™ 3.112; -9.294™ 3.127
e AbaL & Fho] 27.3817 2189 15573™ 2132 213777 2141 20.543™ 2.131
W 3ol 5182 3266) 73357 3582 4335 3430 3228 3541
F3 Atalg Fhol 51748 259 43.159™ 2161 46.172"" 2175, 45.741"" 2.1838
AR WIExALLS o] -37.583" 44521 -28.268"" 5497 -18.777" 5749 -28.776"" 5516
4 WIE o 8800 3.319; 4260 3983 -5481 3863; -3.116 3914
ol At FHo 387767 2,647 17.846™ 2283 23.130"" 2285 22.625™ 2273
WAL o] -34.966" 4.636: -17.596 6.351 -14.252° 6516 -17.027" 6.498

ISUBP: Seemingly unrelated bivariate probit model, “MP: Multinomial probit model ““p<.001, “p<.01, "p<.05
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ABSTRACT

Applying propensity score to adjust the
selection bias of multiple treatments in

education study

Yeojin Ha
Department of Education
The Graduate School

Seoul National University

In estimating the causal effect of treatment using observed data, the
propensity score methodology has been applied and expanded to various
kinds of treatments such as ordinal and continuous variables. This
dissertation extends the application of propensity score to account for
simultaneous or joint choice situations, wherein different choices are
available at the same time. For example, a student might encounter a

simultaneous decision making situation such as deciding to participate in
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private tutoring or an after-school program. In this case, if one situation
involving a choice depends on the outcome of the other, endogeneity occurs.
To deal with these issues, some choice models have been developed to
solve the joint problems of simultaneity and endogeneity. However, these
models are not incorporated into the propensity score. That is to say,
previous research that has been conducted adjusts the selection bias of only

one treatment.

In this regard, the purpose of this dissertation is to improve the existing
models and extend the application of the propensity score with simultaneity
and endogeneity. To achieve this end, two kinds of models are applied in
the analysis. The first one adjusts the single treatment using the probit
mode while the other adjusts multiple treatments using a seemingly
unrelated bivariate probit model and multivariate probit model. The

summary of this report is as follows;

First, the model which adjusts multiple treatments appeared to be more
effective than the model which adjusts single treatment in terms of the
parameter estimates bias, and the mean square error. The single treatment
adjusted model showed a large discrepancy with true value as the

correlation between treatments increased.

Second, the interaction term between the two treatments is supposed to
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be included in the model. This is because, if the existing interaction is not
considered in the model, the treatment effect showed a large discrepancy

with true value.

Third, the multinomial probit model and seemingly unrelated bivariate
probit model showed similarly better statistical performance than the probit
model, but the multinomial probit model seems to fluctuate more according
to the model misspecification, quality of covariates, correlation between

treatments and the number of observations.

In conclusion, this dissertation extends the application of the propensity
score to account for simultaneity and endogeneity. The model which adjusts
multiple treatments resulted in more effective statistical performance than
the single treatment adjusted model. Therefore, the dissertation is expected

to help researchers who analyze the causal effect of multiple treatments.

*Key words: multiple treatments, selection bias, propensity score, simulation,
seemingly unrelated bivariate probit model, multivariate probit
model

*Student ID number: 2010-30376
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