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A Two-Step Multinomial Probit Estimator for
Correcting Asymmetric Sample Selection Bias

Insik Min*

Abstract  This study proposes a two-step estimator based on a multinomial
probit model (MNP-TS) to correct sample selection bias arising in multinomial
choice models. The conventional multinomial logit-based correction method re-
lies on a correction term based on a single probability index, which may distort
estimation when unobserved factors generate asymmetric bias across alterna-
tives. To address this limitation, this study derives multiple correction terms in
the form of generalized inverse Mills ratios using bivariate normal integration.
Monte Carlo simulation results show that the proposed MNP-TS estimator per-
forms comparably or better in finite samples under asymmetric selection bias.
The estimator also demonstrates computational stability as an alternative to full-
information maximum likelihood, which may suffer from convergence problems
due to the instability of high-dimensional likelihood functions. An empirical
analysis of donation amounts using the 2024 Giving Korea data confirms the
practical usefulness of the MNP-TS model.
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1. M2

Fis7) BRI ohg) kol ek P T o]2i5t el Babg) 3}
o] ofd A Qo] EAE T O](sample selection bias)7} ¥ St} Heckman
(1976, 1979) olg|gt 73S FAIot= A% OLS FHHL FxLPol &
47} A 2] FA%F(consistent estimator)©| &z FEorS Ho]F ol Heckman
(1976)2 o] & A=l (binary selection)Q H.§ of 7] Z5}od 1 A 3 (selection-bias
correction term)2 ZE9FSHH U2 FAHFS A& 4 == 53T Heck-
man®| 2G4 F74Jof] w2 W A =H(selection)2} ZHIH(outcome) B A 0] @2}
goll et o|HisF A EEE 7ot 1TA F4 o4 =E37t IMR(Inverse
Mills Ratio)E 5712 Q1 A= ZoFoHH Ayf HfA Ao A 25 2zt
(conditional residuals)-2 00| T]31 whabax] ZAx} HFA A 0] R of tisl] 2]F
HeFg 4L % 9lrke Aol

o= e T

J2u 1A of sfdst= A8 g Ao A o]} FERSE 7St A
= AZEA S8olA AgtA ot X BEEAE HOlE thF= AFEAS
=2 oA Stol| A A} M7} ofg} HH = (categorical outcome)?! 7
9] 9] W ABoussim (2025) 5 -5 B | thZA Q] S-S A L5kl
SIT}. Tt AAe] AAA oAl AL ofsh uh 2 e 27} T
(multinomial)©] FEE W, J1o] ok A& Ay W45 BE6H H
A7} ual,

718, 57 ATl A= a2 LA E 7 AP ol AR T = 2 H Y
7o) 2|¢] BE| S > 39 4 Ik, oW BTG Mejsh kol o F a4
TWHAZE AL, o= F=AFO] P/ R ]
and Rosen (1979); Dahl (2002). T35t 7|4 9] & AFE VAL 4="2 A
Bt 7] Foll AN B =W 1 7HA-E ol ygte] Esttbof whet gebd
<= 31t} Helpman, Melitz and Rubinstein (2008). AFS]&22] 2] 7] F Bofof A=
7| RA o AR 7| Rag o] T Ew 7| Rg o2 7|8 ti4fe] et gebd
PR P I ERRE EEE e R R EER
5)2 PR 4 ook BATA 5L 7|4 54 1R oo} | Role
FAlo ARl ol 4= St

Lee (1983)= 7] Heckman 2 9] WA }S thgt Aol & O 2 A A
2 o g kot | % A|Lo|t}. tfgl 2 Al(Multinomial Logit: MNL) 1EHA] 2
W BT FE(CDF) 2] A ¢-E A 39tsto] Heckman®] IMRY} -5-AFSE
5}%9t}. Dubin and McFadden (1984)-2 Lee (1983)2] t
2l w7 By o E45h A gof e Holal, MNL
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HIh g H AT O] WAL 9% The L2yl 20 A% 3

o AP, 9 S A 2 A
H EH%H %‘re e E‘r% A& Fofohs AE %%‘éwr Dahl (2002)-&
joint normality 7}74-2 +3}slo] Aein A S-S A S50 | R4A G2
AFol= HE R =2 (semiparametric) A2 A A 8]—93\1:]— By sl ogHEo]
AHrehe ol o, ddeHE 7 oJ1s] MNL& &85k 4% TIA
A|eFo] ZESIH, B R42] ZAME AR RO 24 o] Boby At oHH_J o]

=

i

A
rd
rE
lr
o
ol

e rlo
lo,
ﬂllﬂ]
A 2

i
L
e,
El g
N
o)

w0
)

rE

_l

=

H

I

o
o,
lo

o
2

ox,
o

%0,
Ry L
N
rh
lo,
El
o
l
ok
1>
rlo
o
4
S
=
i)
o

t}sl I 2 Hl(Multinomial Probit: MNP) &2 A|okgle FEAN LXE
Cheie AL RS LA A 2 A P s A
ausman and Wise (1978); Daganzo (1979). Roodman (2007, 2011)°] 7}
tata T & ©] cmp+= FIML(Full Information Maximum Likelihood)-& %3]
2ATS AZAAT T SRR B0 7 915 42 o]

ot oo rok L rr
2 T

gt A A 1k F4 e A & }L 1A MNPE 2]
AZ7A A o l 04 XHWW ”1'41 2]

A2 =549l Type 1 Extreme Value &3
£ whecha 14 e webd diek 7k wa) BHte] 7202 008 14
wo] A 7} 330] JsH] Dk whel ok Tavl BEe 0x}g Me o T8
AF 3 Z(2] (3))E HIA2F 4 (unrestricted) @ H = 57 5Fal wheba] TiQt Aol
9] non-zero F-EAro| 5]-8Fc} o]glgt 7} 32 S 78 oA
AAeg 2as BE HAA L) = Aol A= Ao}
SO £ e e B0l 8 ML B gl e o
L TIA 7} o] 9)&5= Lee (1983) =7 =Fo]| H|3] MNP-TS(Multinomial
Two-Step)7} - o] £ - glo]ck.
SA, A ToE A J = 30] 31 Aot At/ o] 4 - Sh= MNP L of| A o]
HEPFAHF AR O 2 =4 7155 E5] 3 Elj(closed form) 2] L HTS}E IMR(Generalized

o}.i
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o WAL 95t ket L 2vHA) F A

IMR' GIMR)2 T &35t} Heckman &9 ] T3t w7 lof H|5] MNPoJ A

+ 24 E43% GIMRE AT 4= Qlot o]=fgh T4 ARl &2 7|E cmp
oAl EAME A7 At o] 2 7Hr2 AlE

TH ¥ 4> (generated regressors)

A, 26 AN A WS AR
E9e o 4H oz B B

SAE =0)5t3 AA-uo] Lefel REAE
zo2 Algwt
G, BT A A o) EAsHs B4 MNP-TS F420] 46
2 o]&4 Ul AR ol 4L Fo YEstur et
2 o] AL thewt 2k AL 1947F MNP BE A
2 Aersith. M E teslond F4%e 52
VAL Aol ATHE ATt VAL 2024 ]S ejo} &
54 A2 AR BHAE Vg 223 A7)

[¢)
=]

o

T o g
St

-

'}

S;kj:Zi'}/j—i-Vij, j:0,1,2,---’]_1’ )

AL (DA zi= ZF 7RI 9] T E4d 0] A yj= A8 7Hs3t ti ¢ (alterna
tive-specific)of| th gt i 4=o|t}. A& o 72 ZF 7 Q1o s A = @ 2}5) Ml v, =
(Vio, Vit - Viy—1)= T A 22 E 27 Hot

7P BE Aue Aurbse et FolA 1 S 188 F

figte] Hek.

rr

si = argmax; {s}; } .

MNP 2 &2 AH35}7] 9151 A F3Hnormalization)E Z]-&3t}. j = O(baseline)
A o) 542 ME ke ARt A (o] g A2 A2He kgl
o] & 4 9le.

‘/IJ:ZiSj+IZija j:1’27"'a‘]717 (2)
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AL Q)0 A Vi =57, — 57,0 = ¥ — Yo, llij = Vij — Vio 2 &2 A EJ 7Tt 4] (2)9]
AQled @ 2pet a2 th2 v 2 R EE T
i; ~ MVN(0,X). (3)
Gall 582 bt o] £ % gtk
Pj=Pr(si=j|z)=Pr(V;>V; forall k# j).

T
8l mol ] AHSE-S J— 1490 ths A SER 4 5

i me
Atk ol the319] 8 P = ) o} Zjo) 7} gl MNP 4] (3)9]
FEA S rof| AoFS 52| 9EA]aF MNLL extreme value Q 213} B o A
71Qlske B T35 GEH o2 B
A& TEHEHF vt I = 1,2, ] — 12 A=t 7flof thafAfgt
B B FEASE ZE Afelo] i Bk g Ae g 2
yi=xB +u;, )

Al (@) A 1A Byt AdE A= |7t GItkA E(w, | x;) = 00] =12
BT var(u) = o7 > 022 7% 5 glek. Al 2o g2 A ()3 4] 4)
o A z D xo] A doF gttt = uljA] A|2F(exclusion restriction)S 5=
157} z0]) 2ol G} o4 EaE|w S g,

(ui7ﬁi17ﬁi27'” 7ﬁif—1) NMVN(07Q)7 (5)

A (5o A Q= J xJ FEA PHo| T Qy = 620]3 $5hFe] (J—1) x
(J—1) FE2 27t "k gehde] (J—1) x 12 p = (p1,---,ps-1) = w; 2} 7}
A @A} i 2t FaAtE TR AFS 4 Qo] A= HOlE A Hlist=
TE B polth §HeF p = 00| Ay} g A2 A8 dAg vt 5 Ao i o}

2hA] ATH A AR A] () A 418 ko] TsE OLS FA ko] %% e
o] Fck. ek p # 00] A A8 -2 A A 0] OLS 5 4oL AX| 54 o]
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A (5) Blell A Tt mE AESE A9, AT Al @ Ahake] AR J gt
2 4] (6)7h o] 2 4 9k,

E(u; | si=m,x;,z) = p'L E(; | si = m,z;), (6)

A @014 E(i | 5: = mzi)& oigh mo] Aej=]glrks 27 ste] AEw

Q 2}3H= 9] Att & (truncated mean) 0 2 SIS 4= Q1 11, o]|= thHTF A
REGSR BAY 5 At

A’.":( zr',lla"'aA?}—l):E(ﬁi|Si:maZi)v (7N

&) (1ol Sk Aol it mo vhak GIMRo 211 8413 4= 91k 4 6)
T A} (NS A el GYSHE Fet 2ol GIMRE F7b21e) A9i42 X
oA Het.

yi=xiB+pI A + &, (8)

where E (& | s; = m,x;,z;) = 0.

A (8)2 A8 W7t WA Ay g A o] 4-52] H(structural form)o]
ot Ho| WA A2 52 Heckman 29 0] IMRS t}g} T2 Hl 217 o] A
AR}t gholtt. 4] (8)= 5h¢] A si = moll tis OLS= 7 5HH Bof et

dAFHFS o A et
3. 20 =8
FIML 2422 A9 47} Anpig A1) 28 219w 8458 540
Z|tis}stct. AgE A4 7Y Stol A o] 224 02 Cramer-Rao 5H5HS B4
_]

S

Sl= a84el F OP_E ot A Qltt Roodman (2011). 18t J > 321 AL
oA At SE ALt =34 A& o] A(GHK) o] 845 AT E A=
TH B9 o] HAY 4 Ut 2 Aol A= FIMLE 214 52| o1t
Roodman (2011)2] Stata AF-&A} & 0191 cmpE &-85}o] MNP-TS 9] -G-5t&
L /d;ﬂrg} H] WS .

Aol A ARbel 26H] F4E BRAS SISk Tl ANHE o
=3 Eﬂ TRt tiehS AlE5hH o]+ 2F 2] Heckman 294 74 31} ARG}

I'Stata 8 8] 2 ssc install cmp, replace 2 A 2] & 2= 9]t}
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3.0, 16 Ciet T2yl o3

AA N7)| T=Z=2E AF8-56}oe] Maximum Simulated Likelihood(Z| o] &.2]
omyg oo =gy 1y A Q)F 4 3)2 24} 1 Ay EEH nS
=Az2] 69} £2 47 "t GHK A|BHo ]xq (J > 3)EL o|deF HpEm
S8 T (J = 3)2 olgato] ol A S-S AL % ol

I;rij = PI‘(S,' = ] | Z,',S,i).

3.2. 2CHA: GIMR A4t

o] t=olg o} ﬁaﬂ 2A 2 et qw g e A l°ﬂ ool ki
BHFE the T} Zo] HojHrt
_ dlogP"  JP" 1

Am _ i ——, k=1,2,---,J—-1, 9
KT ) 9d) I ®

A1 (9)L kAR AF S 7:6,.0] EH o} 21 AEE-E log P" o] A~ F o(score)

o sfrerck. ofg maule] A9 o cper A AR R0 A4
H 212 A2 5)o] thr] & 4= 9Jth Geweke, Keane and Runkle (1994).

a P‘m

=E [0 (V)@ 2(Af:Bu)], (10)

ll‘ﬂ

0y
A1 10yl A1 ¢(V; )L kA AAZIA B7HE &
pdfo]il &, 2(A,k,sz)% ‘ﬂ 2] tiete] tigt J -2 2
o|3 AR W Ayt ZAK FEA Byg o]85to] Autget
gt o g J > 391 E]— A gigoﬂoﬂ/ql— thder A Bo Al 95
A= GHK Algdo]Ad] oj&afof gith. T8t 2 AFollA] thFe J =3
1 7% Hiet I(s = 1)o] A& sHE2 o= A4t AR e= H4H
A 2] 2 ZAE o] Bl Sfi(closed form)= 42 7]&7] &

sict

rE
by oF

O AL A Pr(s = 1) = P2(—a,—b;pw)
A7 a = —281/Zw,,b = (282 — 281) /Zw, 01T}, ©] EHEol thet 4] (13)2] 7]
3




8262 T EWZ

Gp
= = =1 A 4] (11
whebA] A7t Ale] Zehele Ao w4 Al = 400 T AL =
Al (12) & ] 5]1:]'

Pr(s 1)

3.3. 3CHA|: &2k 20} B Al 5|22 3

=/

O

Al DI A (124 ot w s et

(si = m))oll gk OLS= F74 5= 2 . ote AofA 7719
&3S Qo A-E BE B 040}0“1—‘/} o= et m& A=t 619 Ei
ol s34 o5 FAEE= A ¥y B2 ofn|gith

vi=xif+ oAl + AL+ oy Al + g, (13)

Q] Alof A oy nuisance parameter©|il J1 Z}A|7} F=29] FH A T
AFS OUTH. TR AT RE Stoll A score HE(4 O Ak W] 2]
£l g sgto]n. s = 39 A% 5 WE 7} £ UGBS span SRR o] 7]

4 (14)9] g OLS 2452 fol djgt A2\ 4oz f sl
Al (13)of| A o2t Zro] B g gte] it At A2 B2 Hoo
it 7Ha AR 2 |4 4 it

91 7128 Z1 7o 19 A A S A B S ek A
ARl AL D 5 AEE AT

MNP-TS+= 2] (13)9] WA g}o] 1eA] MNP A2 258 =5 A4
A v 4=(generated regressors)O| 22, 2THA| OLS EFox= 19HA FA 9
=242 HEdshA] Koo dubA o g2 A4S FlttPagan (1984). 34
BAre Murphy Topel Murphy and Topel (1985) OéEH_J MER] FAlo2 F
& b5t 2ol 157 MNP #3470 9) 514 gl 2g s 1 S

421 (9)9] score 7|9t WA Ane Ak HE o] £l Aguigto]r] mEo] o=
Pl ] 44 HRo 2 S EA gherh
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WA W) WAL g of

o
=

7 497 feh. ol B Aol 164 240 BHAYS Hakshs A
mjo] mapel EE A E SM(full-pipeline bootstrap)-2 X B $tctFreedman and Pe-
ters (1984). FEAE .S 7+ HWhE (replication)of| 4] 1-A] MNP FA R e 2tk
A OLS7}A] A A4S HZ;G slog, Bz e 9x] BAF Ak m A7
S8 EEGHA] il FA 0 g BERt BEAE Al 4 Qv

4. A1 0|4 Z3}
4.1. AIB0|M A7)

o2 Y] 7HA] =A% 2] 5-¢F EE(finite sample) 573 % o7}t } ghek 1)
A ol FAIRE &= OLS 2) oo} =4 1A E ©]-8-3F Lee (1983) =745 3)
2 Aol A ARFSh= 29 A MNP 4 12|11 & toh & o A 2| 574 %] FIML <
Al HlZ o3 2 S Ha1ske) R E 20 M el 7] A (selection mechanism)
7} A 2 th2 DGP(Data Generating Process) }of| 4] 3 7}= t},

=0 & ©<e3lolr] f1of 19 A A 7Hest ek J =391 B oS At
ok Z0Q1 io] tiQt 13 20 gt F A a-8-2 th=t &ol Aottt diet 00]

7% ol

S1i = Y10 + Yiix1i + Yi2x2i + S1wii + Vi,

5i = 10+ Yo1x1i + oxai + Siwai + Vai.

wE AH si = argmax{sj;, 57,55, } 2 & 5 vk B A2 s =1
A5kt

r [¢]
o),
o
=2
t
D
i
o
|~_l

yi = Bo+ Bixii+ Poxai +u; ifs; =1, (14)
4] (14)01 A 2R 71HEE @245 wioll et 245 7RG thaak Zol
E(u,- | S; = 1) = OllE(Vll' ’ S; = 1) +O£2E(V2,‘ | S;i = 1). (15)

AL (15O E(vy; | si = 1),E(vai | si = 1) A&7} 21737} Stata I &= mnp
~gimr.adoE 5|4 A4tE = GIMRO] HP.

Sl e A A 24 4 9t



10 AR BEAY o wAS A v 2=yl 29 A AT

DGP 1 DGP 2 DGP 3

By 54 A9k MNL, 1A 9 215} MNP, IIA 9213} MNP, TIA
39 LARF A7 49 (g A

e o] 7H)

i 0 0.80 0

MNP-TS TP 0% E2E2) 33

FIML nYPAY & A 22

Lee (1983) ufj-¢- 2 nRER R nPAY R

3 1: DGPoJ| A A7 2] 0] @ 2}5} F3E. o] 3= A 7FA] DGPoJ A A1 v
o] @ Ape Bt 2t o] APAS Hlwste] A A Gk,

Table 1: ERROR DISTRIBUTIONS IN THE SELECTION EQUATION ACROSS DGPS. This
table compares the error distributions in the selection equation and the suitability of each
estimator across the three DGPs.

3 194 Al 7H2] DGPof| A A8 w7 4 o] @ ape} Hx ol m gk 72
Sto] A AJgte) @ 2tst B R el o R4S A Qs R TE EUSHA F-8§-5HH
°IE o) 5ol A g

Foll oA Fxo} A A *W Ho7t =74
ASE 4= Q1T 5 A A ST

£-5] DGP1of| A AR Y] @ 247} (voi, vii, Vai )= Type-1 =
bel FI)o|A 43S 5HH o2 =251 oj2fA MNL A& o 7% ‘4%% A
sttt o] 25t DGP 8}9|A] MNP-TSS} FIML-S 23 A% ¢ = Algto] uhE o
Aok o]He B A eFor Botil B A+o|A Atst= MNP-TS
FATFO] 7371/ (robustness) = HIAESHH= oS o 4= ot 3 204 = A
o] doA Tadt B0l ke At

filo

rﬂ
Hm
B
a
[
3

42 2P

Hlo|2gkel FdF o R A7) glotal 71 sh= T OLS T4 &=
ARt} A (14) Ay g Aol A s; = 1 519 329 7FR] 3 x T xp ol T 3ff 2
F1agbet, AR} gl RAAAE E(y | xis, = 1) # fo+ it + Box
o|BZ OLS AL HolE x| x| A o] ¥z F5ich
Lee (1983) A& Heckman®] A5 2 204 A2 thol A€
A2 dursietet 19A] A 42 MNL 23S F4sto] A &52HE p =
Pr(si =1 xi,wij,wy)& Aeth 28A 91 A= IMRE 23} Zro] AlAtgt},

=

A= 9@ (pr) /(@7 (B),
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=
Bo. Br, B> 1.0,1.0,05 A A Al (2 A= fi =12 F4)
a1, 0 (DGP1&2) 0.7,0.5 GIMR A= (A= H o] WA} A4
o,z (DGP3) 0.6, —0.7
Y10, Y11, M2, 61 0.5,0.5,-0.3,1.0 ¢t 1 839 A%
%0, V215 122, 6 0.3, -0.4,05,1.0 T2 5-&350] A5
X1 (DGP1&3) 0 oot 13} 29] @ 2k AaA| ¢le
X1z (DGP2) 0.8 oot 13} 29] @ 2} AFyaA| wj$- Aot

F 2: A Zdold Bapgh o] Ei: AlEHol A AREE T8 B4o] gkt 1
ojn] 2 A At}

Table 2: PARAMETER VALUES USED IN THE SIMULATION. This table presents the true
values of the main parameters used in the simulation and their definitions.

3HAE 5 = 191 BEA| G o]-gsto] yASE AP S x1,x, ALeo] T3]
OLSf’c S| AZA 23 et AA Z27F MNLo|2Hd Lee F7g o M= &
WG R FAAIT 2y AA| Z£E7F MNPl 7ol = o= At
——rLEE g 2ts] &8k FStE= MNP-TSO] H|s G8/40] Hojd Zor
o=

2 Aol A AFst= MNP-TS 9] 1HHA = A
sto] 2| ¢-FHH o2 MNP 152 43t
A Hot. 2 A A A = A2 Y OF mnp._gi
ATt} (4] (9) ﬂ5—’) 3EA A= s =10 T
A xy,x0, AT AST o] His) OLSE 317
AGE= A (15)9] onﬂr o ° it

S x1,00,w,wE G
H A} AT peE
Zo)g o}oq GIMR-&
|-&5te] TE5HF vE

Bk o714 BRG]

s

I le 5 4N'

ﬂllo it o
(0]

g
ki
]
A

§

FIML 548 s = 19 B2]0] e 2n WA 47 B2
ot 2y A9 AlS Aot 2P HlolE(complete data)] L& X
o2}ttt o]+= Stataof| 4] Roodman (2011)°] 7Tt cmp g = o] & AH8-51
TEE 4= ot 2 A B o] A4 FIMLL &84 #lz|ul3 o] gL 3},
AA BEE7F MNPZ AAE AL FIMLE A4 02 Cramer-Rao bound&
2/ttt MNP-TS= %_7_4] ‘& 2T 20 A 4 olegt= 2 A Aot =
o135l FIMLef H|3}| & ] o] Xt MNP-TS¢} FIMLS H| W gto 24 §

_%/H /\/\1 o Z—]ﬂﬂ-@_
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59 A: DGP1 (MNL EX & TIA 714 49)

N =300 N =500 N =1000
Bias RMSE Bias RMSE Bias RMSE
OLS -0.106 0.180 -0.106 0.154 -0.113 0.137
Lee 0.030 0.167 0.029 0.132 0.017 0.089
MNP-TS 0.032 0.173 0.029 0.134 0.015 0.090
FIML 0.016 0.149 0.030 0.138 0.009 0.093
FIML conv.rate  0.55 0.62 0.77
g B: DGP2 (MNP BX & I1A 714 94t A7}
N =300 N =500 N = 1000
Bias RMSE Bias RMSE Bias RMSE
OLS -0.065 0.145 -0.062 0.124 -0.070 0.102
Lee 0.017 0.142 0.014 0.114 0.005 0.081
MNP-TS 0.008 0.143 0.003 0.117 -0.003 0.081
FIML 0.004 0.143 0.002 0.113 -0.0005 0.081
FIML conv.rate  0.45 0.60 0.81
5d C: DGP3 (MNP 2.2 & H|t 34 A Ho))
N =300 N =500 N =1000
Bias RMSE Bias RMSE Bias RMSE
OLS -0.164 0.202 -0.165 0.189 -0.148 0.160
Lee -0.021  0.130 -0.017 0.109 -0.003 0.070
MNP-TS -0.015 0.130 -0.011 0.108 -0.002  0.070
FIML -0.046 0.134 -0.036 0.116 -0.012 0.074
FIML conv.rate  0.67 0.79 0.93

T 3: A Bdlo]d A3} Hal. o] T A 714 DGPe} B A7| R 7 24l
Bias, RMSE %! FIML =& H|-&-2 A ARt ) REE3l4 R = 3009]5 3.

Table 3: SUMMARY OF SIMULATION RESULTS. This table presents the bias, RMSE,
and FIML convergence rate for each estimator across the three DGPs and sample sizes.
Note: The number of repetitions is R = 300.

AR 5T =vj0 + VX + 6Wi+ v, (18)
BIFEA: yji = Bjo+ BiXi+uji, (19)
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Table 4: DEFINITIONS OF ALTERNATIVES IN THE SELECTION EQUATION. This table
presents the definitions of the three alternatives used in the selection equation. Note:
Individuals who donated to both domestic and overseas causes are excluded from the
analysis.

where j =1,2.

9 AFEA BPoll A MNP-TS FA50] H-go] Zh= A
o= o 2ok AP A o AEZARI 71H 2o} 1
A ¥ 4>(case-specific variable) © 2 A ] o] 3101 o 7+ <
AP |ofl= A E o] A7 A eu A AlE el o] A (DGP3)e]l A
Q‘ﬂﬂoﬂE‘ﬂ =7 g2 542 At 4o 1741% FFo| tietE = H|
A Aol B9 7]E Leeo] @ 3HEZ]<=(single probability index) 1 -2
HOE T o ok AL 717 gipE A oA =] 7R E flske
w5 -2 9A F71et A Q] 7R E fFdcte 2= olfrol tiet W E=
AA| A&t 71Fade] 2710 vt A 58 9E v 7ol ok
‘TJrE’r/ﬂ ol A= F 719 5242 GIMRZ Ao Zotsto] tjehd A=
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o J‘?L/H S stolst iz} it
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A%t J)% g AR AE A elck 7 TV B e o Wm0
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P RERE TG ARG 5y o2 5 4 Qe e8] AEA 2017)
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2775 NGOZ} A 0 2 Z a1l gl
drAad (2011). 2A A 717 AHE Ht 7l
shgo] o 4 glrt.

H
[e]
2 Bo)7 % s =28 Aeg



16 wlohgd mEAE wo] WS 919 et L2y 00 e

] 8 W

AEERA EEEGs  Z1EuRkel=0, S| Re=1, 597 e=
X 9, A, TP PAE, AFA S, Fi G,

1_C1>_] OEH ioq_l_a—u——"jl—_l_—'—

Wi EEA|E 7| EAE o R ELTV,
A2 Bgte 1 ol hivl A
W, Ael 2 o] (s 2l7] % A
S SRRy e S OISR e
)
X B, A, A paE, AFAL, F G,
EQH, 2 o), BGHE
55 430 B o] A8 W of s YA AR AAA A
A~

Zas 9 Annsg AN
Table 5: VARTABLES USED IN THE EMPIRICAL MODEL. This table presents the depen-
dent and explanatory variables used in the selection and outcome equations.
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7|5 n] o = 7] Fat 3| <] 7] Hh
(53.3%) (41.6%) (5.1%)
4 P EEFHEA P BEEFHEA A EEHEA
7| EZH (T ) - - 23.1 54.1 12.5 14.7
A (dA} H)-S) 0.48 0.50 0.54 0.49 0.42 0.49
A3 47.7 15.7 48.3 15.1 47.6 15.3
TVEASHTEE 91) 4.3 4.9 4.9 5.0 4.4 3.0

6 8 W50 7| 2EAF. o] & 8 oy Fa Wae] Wi B

HN
v
24

Table 6: DESCRIPTIVE STATISTICS OF MAIN VARIABLES. This table presents the
means and standard deviations of the main variables by choice alternative.

S

o2 AAE QT Fw O] Fo|F2 shEtotgirt. o] 29t A= T OLS
ol ZgtE o] ud Wt Q1S FAst] 7| HFH A of tfigh

S 1246 98-8 HojFEth MNP-TS 230 Z3tE GIMR

A2 BF TAAHCR F9o17] ot} o] = =Y 7| F BE YoA = 7] F

_

0
oS FA ot BAHA e SAo] 7| H-Foo] n AL el FAHOR
g % ok

a9 712 BROIAE A o] 14 ool what wslrh uRc o
% OLS Dol A= % (religion)9} 97 (age) W7k 71539 501k o
(+)] £7HE ¥tk LUk MNP-TS Lol A 813 #4:0] §-0] o] 5
AFeFAILE. That, ol el gt B4 A4S EEAE W] A AvtEg Hesty
o= 2] 7} Qlrh. 819] 7] %Ak A 4:(N=96)7} A Ro|ehi= §7e] 7|1
2 7PsAo] Atk (74 AFE £4),

—_

6. Z23t o1 70| 5H)

B Q7L ok 4lE Pxol A WASH Ad Wol2 0

o
ol
-
N

Hu o
o
N

BUNY
4
ek
[t ﬂ.tlﬂl
N
MmN
ofN ot 2 ofN . i

o

i
e,
k]
o
]
ol
rE
rlu
.
(¢)

(¢}

)
o0
N
lo
-
EN
)
S
)
=2
H-[
r
ol
o,
rr
o
ot
1=

H—‘
Lo
_0|L
22
3

=
14 Pre 2= Q1 W) Ale] o] AFgpol A
2 BRL F)T 29 @3t 2L 1
3 A5G B 2 o] 4] AQHEE MNP-TS 5
WAL Ak A A Zgsto] H YA WolE FAT 5 9]
2H7E2 A B o4 AT}, MNP-TS 2428 119 95

oxt O % o
)
M M
[e]
p— =T
B

4> ot
rlo
T

—

o -

ul
i
o
P
ﬁl‘



18 oo BEAE W] Y-S 918 vk Zayl ok 24
s=1(FW715h s =2 (3§71 53
L OLS MNP-TS OLS MNP-TS
male (‘g2h) 0.002 (0.108) -0.067 (0.159) 0.335 (0.317) 0.233 (0.347)
reg3=2 (7€} oI A]) -0.142 (0.128) -0.101 (0.165) -0.562 (0.364)  -0.531(0.538)
reg3=3 (7]t A) -0.354 (0.133y%%*  -0.305 (0.173)**  -0.399 (0.388)  -0.371(0.304)
edu3=2 (1) 2.257 (1.491) 2.269 (0.408)%**  0.212(0.987)  -0.045 (1.190)
edu3=3 (|04 2.311 (1.487) 2.327 (0.400)***  0.550 (0.919) 0.242 (1.247)
job=1(47+2] 912) 0.421 (0.124)**  0.450 (0.187)***  0.239 (0.361) 0.067 (0.673)
married=1 (8] 92 9-8)  0.553 (0.132)%**  0.519 (0.210)***  0.388 (0.362) 0.316 (0.548)
religion=1 (£ ¢ s 0.390 (0.110)*** 0.485 (0.201)*  0.698 (0.324)%*  0.456 (1.014)
age 0.008 (0.004)%* 0.008 (0.005) 0.021 (0.012)*  0.021 (0.016)
log(income) 0.042 (0.014)**+  0.042 (0.016)***  0.042 (0.042) 0.031 (0.061)
At - -0.423 (1.105) - -
As! - 3.096 (2.943) - -
As? - - - 1.297 (2.125)
As? - - - 2.110 (1.619)
obs 783 783 96 96
R 7: 7)ol Ry ST YA, o] e Sy U e x

Hoj ot OLSE} MNP-TS FH A& ]/\]§_E]- 1) reg3 l(-rl:._ﬂ’ﬂ) edu3 =1(%
olsh7t 7= T Y. F2) B2 ¢+ g2 Ao FF Aoy, F4H v 01
o] 284S 25| Qo REAE ﬂi’ﬂ(bootstrappmg) 1003] & §HE-51o] %"21
F=3) whk w2 ZEZE 1%, 5%, 10% =0 A -2 o r] gt

Table 7: ESTIMATION RESULTS FOR THE DONATION AMOUNT MODEL (OUTCOME
EQUATION). This table presents the OLS and MNP-TS estimation results for the
domestic-donation and overseas-donation samples. Notes: reg3=1 (Seoul metropolitan
area) and edu3=1 (middle school or below) are the reference categories. Standard errors
are reported in parentheses and are obtained from 100 bootstrap replications to account
for the uncertainty of the estimated correction terms. ***, ** and * indicate significance
at the 1%, 5%, and 10% levels, respectively.
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