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Binary Endogenous Treatment Effect Estimation Based on

Additive Logistic Regression and Its Application

Gao Yang Zhou Wei Zhong Wei

Abstract: When estimating the causal effects of economic policies on the outcome variable using
observational data, treatment variables often exhibit endogeneity, meaning that the treatment variable and
the regression error term are correlated, resulting in the inconsistency of regression coefficients. This study
proposes a method for estimating binary endogenous treatment effects based on an additive Logistic
regression model. Specifically, this study employs the additive Logistic regression model, which effectively
characterizes the nonlinear relationship between the binary endogenous variable and instrumental variables
in the first stage. Meanwhile, this study utilizes the group Lasso method to select important instrumental
variables. This study approximates the optimal instrumental variables for binary endogenous treatment
variables using the estimated propensity score, which effectively reduces the variance of the treatment
effect estimator. Furthermore, to address the issue of omitted variable bias arising from imperfect model
selection under the single variable selection method, the proposed method employs a double-selection
approach to identify important control variables. Theoretically, this study demonstrates that the proposed

estimator for the binary endogenous treatment effect is consistent and asymptotically normal. Monte Carlo
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simulations illustrate the method’s excellent finite sample performance. In empirical analysis, this study
applies the proposed method to examine whether physical health affects individual income.
Key words: Average Treatment Effect; Endogeneity; High-dimensional Instrumental Variables;

Additive Logistic Regression; Double Selection
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R RN THAERN S TAESE 2L XR, RAZERAEE G TR TEEE. A
TEMRIEHI G AL R, AR R BOE IR, AR SCHES Zhong®% (2022) MIJ7E, #iZ%E
(] YRR 9 e 25 T 03 A [ VAR A (HastieS, 2009) SRAGTHRAL T HAS & . X — ik M 4 7E T4
BA AR W R 1) R B BE Al PR A B 2 TR AR R G &R
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UEAh, AR BN BRSOV R HER A TE, B S0 AR rh 5N OK B e 4 ) A R DA AR T
VR AR DR 3 o i s ) A0 o 0 221 ) 2 ) Ak 38R 2002 1) 0 AL AU, DU A9 o ] 2 P (Abrevaya
8, 2015) WOL. SR, FESCUEWRFLH, SCTan e & & i AR, AR pe— > WA 0 i )
(DonohueMILevitt, 2001) o TG SCHAAE A8 Bk 35 5 U 2 A8 & . 4140, Belloni%F (2014)
PEHIXEVE (Double Selection) KAl vh A & 4125 ] A2 B KPS A BN . 1% 77 1R85 6 IR B ik
B IR R Hh 5 25 AR B R B S AR DG AR AR &, R B/ i il T A B ALY . T VE R
ATET BEA ROIEE 1% 1k DR B B B 76 38 1T 5 B 8RR S i 1) R, S S7E TR0 5 R A F
BN S, AR E N A AYER L, Chernozhukovd (2015) BIXNAELEY
mdE T EAS R 2 AN R Rk R, R s 44548 & DL S Neyman 1EACH A A4l TH A AR A BRSNS
SCEB UL ERAR &, R A AT R [ A A R A B AR S T AR R (A AR R R R
1M, AEZME O R AN £ Neyman IE S FE AR AR BT, QR 4k S48 %07V 2 R 8 TH R I 7 221
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i) A B L B AR R, DA SR A iR . B, A SRR R T A AR AL B N
(R X0 FT N 48 T A AR Sl iH &Y (Double Selection plus Additive Logistic Instrumental Variable
Estimator, DS-ALIVE) . $#jltth, ¥l 2 m A0, DS-ALIVER AL A A hni# s T 25 A
i &® (Additive Logistic Instrumental Variable Estimator, ALIVE) . #i& I-, DS-ALIVEH . #H
EYERNHE RS SRR RISBLR I, MR T HARAG TF &, AR Al T SR e R 5 3 07 1%
i TR o SLUE 53 BT R EDEA N S A f FEbR B A A RN K B il A R I A 7 T 5 i
N R ST

(DA SCA T XU PR ) A B A T T o322 6 [ VA28 il 5 DA T LA 0 0 5 34 300 8 1A 2 Ak 2007 £l - T AR g X ml a2
THARAG A,
@A T AT INE AR I ARG - P TR AR A 7 A 2 9 A 2B A BSOS B A B Al e TR A A T
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Y=a,D + B X, +& (D
Hob, vARRRGEREBE, D ACHATE, o D KA, X Fr—pxI gk EmnE, 1L
SR ESERECN MR B, & MRRFEVIRED, i BUEMIZE n, n AFEARANEL. AR, B
X SEhe, Tk, B X NAMER R, RO BB RE D RNAELR, BIE(g[D,)=0.
ARCRET Zoub AR ENEE, WYAME B TARAR, F D =1; Mk B TEWAR, f
D, =0 {EAFEMSABCL AT, B4 E(e |D, X,)=E(¢g | X, ) I, SHEkhlZE X, 7
I FE AR P[RR o, =E(Y)|D, =1,X,)—E(Y|D, =0,X,) . 5Abrevaya® (2015) TERFFH IR
FAFSVEMSIAREAR, AR FEAR S 7] 2SR A L (HFESE, 2018) HAFTE K& HI L &
I G AR RN (A THDT Y, IFIE A TR I B M

ALK THABELERBRERED MNEERE. BEAE-DqgEMIVIHEZ,
;:@ﬂmm%f,Eﬁx%%%é&%,mﬂM%@EWIEEEOﬁmmw%%EmF%%:
—RAMEMAR, RIS E X AT, IVEIRETDZ MRAHIKEN; RHMIELR, B X, 4
i, IVABEBmE AR, = RHMEAR, Bz X, 5845 E D IFEMINE (AngristZ,
1996; Frolich, 2007).

FAMIEE(D, | Z, X, ) B AR TRAS R, H s A ARy TR AR 5 RR A AR ) A 2
NEAG T SEI A /NI 77 2 (Amemiya, 1974). 30 (1) o, ZJokb#AR & D, MM T AFER
EANE(D|Z,X,)=P(D,=1|Z,,X,), B AW, AT D, AR T RAS R, 55— B8
e 4 T AR REE I B, BV R AL LR B log (P (D, =1]2,,X,) /P(D, =02, X, ) A THA R Z,
X PILRIEASTY . KT, MRS RIER 3 T AR S AR LR 52y T AAE R PR, 10K S B0 R A T
BT EAR LZERRIEEE R . AR 2 MR SR, A SCR F R 58 =] s A
HE T R THAR R . ERPRERIET, R RSB TR S BIRAE R T I T N AR B AN A v
FEHE, (HJZ T REAFTE L HARE NG ARSI 08, i e 5 T AR R k3. ik,
A A % Belloni%s (2012) (17715, 18 AR S 4577 R fif v e 4k TR AR & i il

(D) REEFIEE-FIMiZERATRETE/AiTE (ALIVE)

B Ve 20 s A5 AR B2 A 2, 25 Rl F T @ R S S R R AR e M O R . BRI, SRH
P ISZAR ISR, RS AC IR D, 5 TRAR (X, Z,) Z PR O R, B
P(Di:1|Xi’Zi) RNy .
logLP(Di=O|X”Zi)J_Zjlff'(xif')-i-zklfk(zik) 2)

o, f(OONENTFEER, X=(X.X,..X,) =(x,) » =120, j=12p M
Z2=(2,Z,,.Z,) =(z,), i=12n, k=12,--,q, HRVFHERE p+q#idn. EMBEEREBT,
(UBBIVHE E(D,|Z,, X, ) BRRST, i A={t: £ () # 0,0 = Lowe, p+ g} JRATRERE JIIOTVAS 52 1R,
Wi AW, B £ ()=0. JoRREETREIE, B R R () Eal R b,
E(£(T,))=0 X B e BIon, HehU1<:<phf, T,=x,; Hp+1<:<p+qWf, T, =z, (Huang
2, 2010,

NEEIE (2 FAES R T, A SCRABRESRSE L (B-spline) KIEIFRFBAEL /() A1
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£ () o BIN—AZIHAFER TS, , AR, —HbrdE i IE R b g, .0 =1,2,---,m ) B, m,
NEBE L VR S5 R, d RPN, Wi =d. SE AN THERRNZ e R, &l
EENTRABARAERUBEI. hOotb G, T RS Z" FT5t B BRE & 5w Hoe Xl
Vo =0y (22) = 2 8y (2) [n o B £ €S, o T Iy ke op (L BRE 46 JE b MMM 2 20 2
Fu(2)= 20 VoW (24)» 1Sk<q. FER (2) P AL B B B0 I8 2 PP % F T, i8I
W RB Y0 Verr s Wi, | I 2AHESE (Stone, 1985), AEUSFIHIBREAIE BTN £, (2, ) W04 X
e X (2) ALLEBRRN

log(P(D,. :1|Xf’Zi)) = Zj=lz;n7:l ijl//w (xl]')+zz:12:i”=l 7kaw (Zik) (3)

MR gxm, >n, ELEHIE(D,X,,Z,) F, SEdedES il (2) FABREAKEIT, i
MR TAAERE. 2y, =717V, )T N A TR m, BB y = (2077, )T?'a
TRAR (X, Z,) SR m, (p+q) BRI, 2 U, = (v, (T,).v,(T,). v, (z,))T, mEI<:<p,
T, =x,» MR p+ri<t<p+q, I,=z,: U, Z(UiTlﬂUiTzﬂ""U;w)T NXSPET 5 i MEARTN p+g DT
PSR ER . A FESHONy = (3000, ) s =[{re {12, pr gl iyl 20}, TR
S TE M. ik O AR, 3 G IS N 4 Lasso 8 4 0 H A eR L

L,(D.X,.Z:y.4,)= Z;(—D,.yTUi +log(l+exp(yTUi)))+/lnIZ:qa)t I, (4)
Forr, |, R L, B A, RAIBRIEA R R 2L o 25 B R HlLassofl
TR AR A RE o, B

o [P HEL0
=l =0

Hort, = (550,70, ) R MU AR U A R R 4
7 =argmin, Z:’Zl(—DinUi +1og(1 +exp(yTUl.)))+anzt:q||yt||2 .
f/MER (4) ITAHE R 2 Lassofi b, B
5= (30.95.0,) =argmin, L, (D, X,,Z,:p,4,) (5)
R (5 MIHEER, kil RN AEIA R, IR 7, ={/: 5], #0./=1,

o p} s FROAEIN T BRSNS T, = {k:|5,], 20k = p+1-p+q) , THBRAIRIRERL

WA=, VT . Bk, X (2) FRBRETHEBMITES N (x)=2" 70w, (x,) F

Ju ) =" G (2) Hothje . ke : “ICAERASR D, HRAL T A A
b= exp(z/‘s/if;'/(xij)+2ke/?j;’k(z‘k))

ren(X 7 () X ()

WD, MRtk LREEREAND =P(D,=1|X,,Z,), fD =(Df,D§,~-,D,'f)T .

(6

A

é\ Yz(Yl,Yz:""Yn)T ’ bz([jlabza""Dn)T ’ &%Z%Eﬁij‘\j PX:X(XTX)_IXT ’ %%%ﬁm

M=1-P., I Anxn{RAHEE. X (1) E4E TALEZ M X, FIREBE, 535
E(Y|Z.X,)=0,D + B X, : 2V, =Y -E(Y|Z,X,), BTHY, =D + By X, +v,, o2 (D
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RO RN FR RN . H T DT ARAEMI, ASCRI DA A T AAR R DT (i, R nkh
RNAtTHE (Additive Logistic Instrumental Variable Estimator, ALIVE) @, 41 F:

e = (DTMD) (D" mY) (7

(Z) SfIEHEE-NEAMIZEENITATEMITE (DS-ALIVE)

AN, FE (D hshl RS S ST, WX M4EE p>n: H (D RT3

BB, BB, <o. FE4RKREEREERT, TR A BT TR

Ho AFTLin%E (2015) SR RETT %, AR SCRHREIE AL H m 4E 7 hil AR f R AL, IXRES A 2K
0 IR ERLIE JT VR AE RN e AE R s I A R R, B R BN R beta-min 2 (Belloni%s, 2012) 7™
A 15 R 8 5 i % 1) R

AE SR UTNDS-ALIVESE . 58—, 48 (D, X,,Z,), IWWHALIVET %, M (5) ~
(6) 33| LA R D Rt T ARG RMITHE D NS BB MA I ERE L . H 0, £
Bl (v, X)), KRN L AT 00 H ARk, EI%JﬂilﬁHj'ﬁYffH%E’Jhﬁ?'JEiL (}’,.,X,.;/)’,/ln3)=
ST (Y -BX ) + A8 - b, A, REWLSE,
-2 AT /\Tﬁﬁ‘iﬁ‘ argmin, L, (Y, X; B, 4,,) - 1CHIEHE (Y, X,) 5 215 21 ) 2 ] A2 5 45 br
ENT, ={ E ,j=12,-- } 2, FEMREER PR A BRI PR, R AR IR N
I=T,UZ,. $=%, HANELETRNTRNE D KIGEEF AR RIIET, 2 XNELRE
WS o, IIDS-ALIVE 6y, =(D'M D) (D"M,¥). 3, X, ={x . je T}, P, =X, (XIX,) X,
M, =I,—P.. Ay FRHiE A TETHRIEQ HIFATIIALL . {EAb IS AR [ IR 15 6P B e
TSI, ARSI e M FE VU4 B HEI (EBIC) (ChenMIChen, 2008) SKHfiEZSEA, Mm, "

=, BHHER

AR RIS R E N, AT R HXGETT VAR s H AR &, N DS-ALIVEIR {4 NALIVE,
BRI, A B AR a4 HI A & T 6, IR .

(=) RigFH

AR B W R FME. (D T —NYEEEMEM, & LHEAD m WG REE N
Poin (m)[M ] = min,, <, 5TM5/||5”2 s K m MG N @, (m)[M]= MaX <ys, <m 6TM5/"5"2 - A7
E—MFoa,, Ha, >, MTAESENIEHA, >0, 0SSk <k <, FEUTFTAZFEAUA
NT1-A BB R B k< ¢min(ans)[Z:=IX,.XiT/n] < Qo (0,8)[ ) XXT/n] o (i)

1 i T
:lxl.jDi /n‘ <o,

E(vf)<oo, E(g.z)<<>o, HrHo=D-D, i=12-n. Ciii) max_,_,

max, -, (D" XV n)”2<oo$DE(Di*2)<ooo (iv) (log(p ))z/n%Oo

i (i) Z&Belloni% (2014) 42 HWAMERHEE RO, B G FIE R 2 T 2 B A 17
FEME, R i) ZEOR— S IR SFAAE, Rk Gv) R 8 T4EFEM 2 BRI .

(Z) HmEtERR

NE XS, SHTFHATFIa,,n=12,..}, {b,n=12,}, WRIFEFEO<c <c, <o i1

OB IR, S0 DU S SAE N A R DR RS, W (GEtirgey M prslpg k. .
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¢ <a,/b, <c, W TR KK n AL, iBfEa,=

aﬁaﬁzémwﬁﬁ@mWﬁmgy,A¢@fgj_¢n+mgmqyn,Qﬁmﬁﬁﬁ
n RRIFI: m=n" O L BB (A ~ (D) AL, 4, < O(n" PO ) s, Mg
“HLassoffti T & T SEHUB AL IR RS, S50WF:

P(AzA)%l,n—)oo (8)
dl

X0, [ st o

> s - [ i og(n )] Qo)
242

n|, =0, (n 2d+1 1og(n)] (1

51 33,1720 (8) ~ (10) $h /& Yang MMaiti (2022) HE #2458, thah R THuang® (2010)
T GRATE] AR e B s SO SR I R S5 3 X (1D 45 oo AR b AR S i T A
AR ISR

SEF3.Y: TESIF R (A) BEE (D) F, —JeHAMFNN o, 1 @, & n A& A
WHEIEASH, A 07\ (G, —ay) > N(0,1), Hin o . (EGHIBUIIRETU BN M RIT % 5%
PER 7 20, #RE 7 2 o) BIERIE 5 5N

o, =(E(D" M, D’ )) E(D"M. DY, )(E(D*TMID*))_I;

o> =(E(D"M, D)) o?.

SE B3 145 H o0 4 AR A BE RGN I DS-ALIVETE KAE AR (A & PR AT T 20 A o R MY, 78
SRR U R KR T E R . B E(V )=o) . AT WL T 2 A
5 =(ﬁTMjﬁ/n)7l(Y—a?DAD—Xjﬂﬁt) (Y-a,D-X.8, )/n Ho g, =(XIX,) " XTY AAE R
PR A IO (R RGN T, G LB RO o, (BT A K N (@, — p,,6, /T,
Gipp + PG, [N ) FH p, FIFFHEIES 23 A1 7/2 43R4

0. R EAE

25 P SR VR B SR VA 7T P AR b B 0S DS-ALIVE A BREEARPE R . % e dn R 45 i i 2

Y =a,D + X, +e . KA Y NEEAER, DN ICHAELEAE, o =075%D, NHSERY, X,
R p f R FE, g,=(3,0.15,0.18,1.5,2,0,--,0) € R’ X, NEELSHAE. T Fim
AL, A FE AR R D, o BERL LA logit(P(D, =1|X,,Z,)) =2.5x, +2.5x, +5z, +v, , A2
logit(P(D, =1|X,,Z,)) =2.5x, +1.5x} +2.5x, +5sin(7z, ) +v, . #HI L& X, K H £t IEE 5 i
N(0,Z,). KA Z, =(p,)  + Pu=05"""" mn=12:p, p=200; FUETRAEEZ KEHET
EESAN(0,Z,), P E =(p,),.,» Pw=05"""1 mn=1,2,q, q=20. FH JCIEEHAi

OB IR, 51231 BRI DA R 2R 7R
Q@RI % (A) ~ (D) LAMR3RR.
OB IR, 52231 ERIE ] DA R4 7R



F2EE 121 =155 ETAINIZEEIH T A RS AT R A * 135 -

AN (¢, 0,) » RLEARBNTAIEME N0 J7 201 Bp T 20509, X —HpiERIEAL 3 AR &
D, AN . EEUFEA & ne {100,300} . 5B R =1000 B, 585Nl 104 FRFE AR I,
AR AR IR R RIR)D, B R"Zle(d,, —a,), VTR ZE (ERREIT5), B R"Zil(&, —a,)
Hr & %R o 5 r AU THE

JREE T RAZEIBRE & BT, FI R splinestd i 1) bs(z, degree, knots) B, £ F%
W, ZOBEINE B, MET7, FEHEET Aknots ANULLEL % L BAFE11125%. 50%- 75% 5.
iz FIBICEKEBICAS B 1HE R A i€ 19 s F H o AT Pl B BB N, S T RES Tt grpreg
grpreg (z, D, group, penalty ="grLasso") BR £, | F glmnet 5 /56 H 1) glmnet bR H S 300425 1] A8 5 1) i
. ERUSEIR T, XALHE R o TR FMETHITEEAT X . XSS TR RAR Dy, e o fliih
% (OLS), Wil Bt/ 3% (2SLS), Belloni%s (2012) #&HiE H T i 2t T 2 AR SR 1)
post-LASSOJ5i%, FanfliZhong (2018) #&H 3L T &4k vy I AL T HAZ & 7% (NAIVE), Zhong
£ (2022) FEHAET 4R AR R AR 1) T HRAR S Al THT7 % (LIVE) BLAUERIZ 4R [0 T H AR &
fitiit 8" (DS-LIVE), ALIVEMIDS-ALIVE.

ARATE SR BIUEE —, ISR x,, x,, 2, 2 A CHEE RN TR R, B @R
VIR AT D2 4 [m] S Y AE S50 D, 1) et T R AR R TT I DR, FEVT Ak R 6 A8 A ke 83 Ve A 8 i 1% 1) R
RSB . TAME TR R T R BRI S, OLSH 48 R BIEE, B LA REA 2R
RPN AR, AR R, RIS TOLS, 2SLSTEfm iR i H MR A Frieft, X2&mT
2SS A TR AR &k v IR A 3 AR 5 FR N AR PR I R, SR, 2SLSHISA 7 iR AR UK, 3 /2 2SLS%f —
JUAR R D, (TN 5 A VG (ORI IED, Hf HAE R T AR LI . AR A
R, AT ARSI AIDS-ALIVE, NAIVER iz I35 7 @ B8R, FeH R A T Bk i
AR BIEE T HOBIR AR B x,, x,, 2, AT RIVIAMEVEZ R, 3T S ELIVEMALIVER
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