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BREARGEIZ, FIRARE FEEPHBL T TR0 — Bt E R 2 /55 7-0 I flbh s F
ETh b, FHERFECHBEE 25 MK FIX, RIEEBDH 556, SHEBITRIERED
HoGE, BYTRENIE > TYATLADVHBINDGEEFETH L, BIELK LI, FREHE X
MR T, FRABOLEIHET 2HEREEZS5TERTHS, ZOFREMES Z&izkD, il
DEHE—FEL Uz D, PIREBOWHIHEBIC T2 E2HRL Z LN TE D,

MAERISAERENH2HE ROMEERETIVEEZ 5,
Y, =B X! +ui, BE(Xiu)=0 (1)

72U, XFZOLDRBHTET, WEREEZEAL X, =X +u, BT - LTHROoNZ L
T 5%, HEOD, WETE v BWFHED 0 T, X u EIITHBEL LD, TDLE, XD
RO YIZX; Z2HHLEE LTHWS, 2D

}/i:ﬁ/Xi—l-EZ‘, 1=1,...,n. (2)

ELUTHEAN 2175 DIFERRI LD LS IT-BbIE, LAL, THRIEFIRO LD LHEEIZED
LWV, EOBRANS XF 2HET S L

K:/B/Xz—f_ul_ﬁlvlv ’L:].,,TL (3)
873?50 —g—fdﬁb%\ ei:ui—ﬁ/vi "C&)éo %0)(‘_’_%\ €; th @*HB@’E%%b’C&% t\
E(Xi€e;) = E[(X] + ) (u; — B'v;)] = —B'E(v}) (4)

ERD. —fRIZ 0 TR,

3.1 [OREHEN—DTREEZHE —DODHBEDRIELHE
RDOIEET N EZEZ D, HIRER X, IFAHNT—Th 5,
E:BO+B1XZ+,LLZ; Z:].,,TL (5)

Ml ZE X, ViR v B2 R D5 A, RN R B EIAFES -8Bt 2Rz v, Zh
Tl MEHELZILITR>TWE»pbh 6T, HEMBKIZEKRI L ZR>TLE D,

o BAEEBIEN L HibNndhllE, HENERICGEZ BN TH D, V; 2 E4 (S
HCEINBESP L fHbNd), X; 2ZHEFHRL T D, w FEEFEHNTER IS E R
HZ2IRTCOERZECETH S, HIZAIX HADLFEOEI LY uw IZTEENTVS,
TADPHD 20D, BEEREZBEREAEZEIZE > TP LEZROEE~NDMRTH 5,
ZTOMBILEODET VTR TEHINTWS, UL, EEOF—X ETIE, X; &
B L CWAATREMED D O, BRANCIRETIR 5 2 —BHEETERVWEBZENNDH S, Hlx
X, AHORIDOEVWANIIMEE TE22 5L, X; Ly LIZEOMHEZEDTHA D,
—HTHEDOHE D TERVARED THEZEL ZITTHHEOHRITIETE LSIIEIITS
mo X; & u LISEOHBEEZEDTHA D,

PAUR D OMEE % 3723 A8 Z; % 8/EZ$ (IV: instrumental variable) &\ 5, £ Z; BNA A
7—DGGEEEZD,



BREER BT REZDOEMH
1. BEEM: corr(Z;, X;) # 0.
2. BAENE: corr(Z;,u;) = 0.
DR OHEEFHEICHW o N5,
o WAEZH: u; 2B D 5 ZEHL,
o IMEZH u; B R VAR,
LoFlOEE. X; FNEZBTHY, Z;, I3NELEHTH 5,

o ETHRLEELEROHITIX, BMOBEFEL L, o7 LHIDE ITKFDD % h DFREL

BEESEPOFAL P S DRER EVEBIELBE LTEbN S Z %\,

BRFEBHEE (IVHEEE) ROMHLETVEAVCTEELEIEDE A Si2RE S,

Y = Bo + B1.Xi + u,.

ETI(2) LEEERONENEEZFNT Z, L Y, OX_SHREHET L

Cov(Z;,Y;) = Cov(Z;,PBo+ L1Xi + u;)
= B1Cov(Z;, X;) + Cov(Z;, u;)
= ﬁlCov(ZZ-,XZ-)
2185, o T, HIELHOREEMELD

Cov(Z;,Y;)

ﬁl - CO’U(Zi, Xl)

TH 2, HLDODFIFEEAILI R

sy = —— (% - )i - V),
=1

n—1 —
Lo T—BHET S Z N TE 5, ﬁ!ﬁ%l—ﬂ‘ihszx_%Z?:l(Zi—Z)(Xi—X)
WETEDS, /oT. TInH6M/END B DHEERIZ

5 Szy
fr=—"-
SzZX

Thbd, TNERIELEHERE VD,



ZEBS&R/ANZHE (2SLS, TSLS) XIT. SIHAK O & HBAEL B DO —E U I — il 2235
BIZHRT 2720 DO¥EffE LT, IVHERNHOZZ HPobEHINS Z L 2RT, BEEMWIZ
LT WESIT, BEEHRONENDIREEZ D URD T E(u;|Z;) =0ThHdE L LD, (2) %
MDESITEEWMZ B,

Y, = Bo+/Xi+u
= fo+ FE(Xi|Z;) + Bi{Xi — E(Xi|Z;)} + w
= fo+ B E(Xi|Z;) + €

ZIT. 6=01{Xi—E(Xi|Zi)}+u; THEN, BIELLDONENEZHND L E(6|Z) =0TH
B2 eN0N5B, £72, BBHER B(X;|Z) % Z, OO T, BUNZRIEORE 1 I35z S
%5, LU, E(X;|Z;) DT —2I1F7%3\0, 22T, E(X;|Z) =m0 +mZi LWOBFREEEL T,
PFRDESICET BE(X;|Z) DT — X&KL, TNE2HWT B 2#ET 2 LD 2 BERED ik
NEZ LN,

1. X 72 Z cz@u%j—éo Oi D\ Xi = 7T0+7T121‘+’Ui &L\ﬁﬁ% OLS*E%[J\ f(’o b 7AT1 %ﬁt‘f\
ZOMEED»S X OFHHEE GRS 5: X; = 7o + T1Z;.

X
2.V % X IZHR LT, B % X OB ERL T 5,

By % T BB /N TR (2SLS) &\,
YRIZ. 2SLS HEE AR EL B ER Y — BT 22 L 272 5, OLS HERDORD S

5 - S - XNM-Y) S
Cai-Xp Xk

LB, TIT. X; =fp+ 112 DT,

3

LEIFB, fEoT. B =5 THb,



2SLS #EEDMETHME AL BT RIS — B E B2 DT, 2SLS #EE & o —ikix
UPTFDESICHONTH S,
5 Szy cov(Z;, Y;)

B = — = (12)

szx 7 cov(Zi, X;)

OLS e & DE L [AfKIZL T

LS (7 Dy
V(b - 1) = 252 (13)

SzZX

LEFBI NS, uy = E(Z) £ LT, 2SLS #EE & O W74 1

V(B —B1) =4 N (o, vizéif%;gf)))zi)) "

L%, DFD. FEABDAZI VRS, B DO,
B1 ~a N (1, 0?;1 /n) (15)
TIEMTE S, b,

o var((Zi — pz)ui)

95, = (cov(Z;, X;))? (16)
Thbd, 7. ng =
LS (7, 7%
6_2 — nzzzl( ) U; (17)

2
61 SZY

IZE o THEETE B,

3.2 RBEEBUED—BHILRTE

BTN U 2SLS #ETk 2, WAEZBDPEED 0, IMEEBBEBDH V. X 5 ITHRIEEES
H B — IRV EITHIRR T 5,

Yi = 51X + 85 Wi + ;. (18)
o X;: WEEKDORZ bV (kIRIT).
o W;: AEZHDRZ L,
o Z;: BMMEEBDRY MV (mIRTT),



#7! (identification) ET )V L THREDMEL —-RICREL L &, #MHlATRETH LI L WD, -,
—RICRE SR VWRICIEFN AR TH LD VWD, —Gwe LT, @illOTERWANT A —XZH#E
ETHILIFTERN, BEEBETNVIZEWT, ¥D XD RIGEIZHEINTEENS. EOET LM
SMNEBEERNZIRDETIVTEZTHAE D,

MHZEBN AT 7 —DGEDBIEEBIEDEZ FEFAMKIZ, YV, & Z, DXL EZFHET 5 &

Cov(Z;,Y;) = Cov(Zi, X}B1 + ;)
= Cov(Z;, X)) + Cov(Z;,u;)
= COU(Z%X;)BI

Thbd, Tk, TADOESEAEZ SNZD p (BT E HREAE R LS, blm=k
T Cov(Z;, X)) BWIEHITH NI, ZOHBADMRIEI—DIZEES, Blm<kno, HEADEK
DIRFBOMEE D DN DIRIFIRIZH > T—DITRE SR, FZm > kRS, ik
KOBNPL§TETRIZFLELZRVDE LAV, ZHITHIGL T, RO K S LHENHVWSNS,

o m > k: #FEFENI (over-identification),
o m = k: ARV (just-identified).
o m < k: @Al AEE (unidentifiable),
BIDHT & FRRIZ, ARV (m=k) OHEIZE Cov(Z;,X;) & Cov(Z;,Y;) 2T —Z0 5
WHELZHDEHWT B 2METEILNTEDLILRDNBEA S,
AP UKEHEIC 2 203, WMAEZEEPELIZEEND OB ALHBANOKMEEFRA L TH 5,
—RRBIAI5E D 2SLS
o —EEHDMEIF: X ITBT 5FERDOANLIEIENSZIRA% OLS #iE T 2,
X; = mZ; + W, + v;. (20)
ZLUT., X, DFHIEZEIRET 5,
o “RBIEH: Y & X; & W, IR 5,

—RERIBE DRIFEBROBEEN & M

o BMEABOMEN: (X, W,) ZERICLELBEIC R > TWRY, 2F0, (X, W) &)
TFINETINT VI THDB, TORME, m >k ThweiEzanizw, £7-, REMTIE.

£ ((w,) oxiw) (21)

EWVWITFHNIRTINT VI THDEWVIIREIZHINT S,
o HEZEDINAENE: cov(Zi,u;) = 0.



2SLS #EEDHEMME  :
o E(u|W;) =0
o (X;,W;,Z;,Y;) 13iid. TH 3,
o TRTDEHDARE—AY ME, YOTRIDPDERTH 5,
o BEEEIIBEMEN DY, HETH D,

A, =XLWD) &L, £72B; = (2, W) L35, 2SLS #iE& X, XD K S I2HIT 5,

R n n -1 n -1 n n -1 n
BILS = Z A;B; (Z BiB;) Z B;A;] Z A;B; <Z BiB;> Z By;.
=1 =1 =1 =1 =1 =1

EDESI2775D1E, UTOHEBIZES, A= (X, W) 295,

-1

A; = (Zn: AiB;> (zn: BZ-BQ) B;
i=1 =1

B, Lo T,

S AAl
=1

n n -1 n n -1 n
(Z AiB;> <Z BiB;> Z B;B, (Z BiBg> (Z AiB;>
=1 =1 =1 =1 =1
n n -1 n
= > AB; (Z BiB§> > BiA]
=1 i=1 =1
b, £,

n n n -1 n
S A=Y AB (z BZ-B;) S B,
=1 =1 =1 =1

THHDT, 2SLSHEEIZ EORIZHRDB Z 23015
2SLS HEE B DEHE DA lE

V(B — )
1 n n -1 1 n
=) AB; ( > BiBg) = BiA]
n =1 i=1 n =1

—1

X = ZA B (iZB B’) \;ﬁzn:Biui
=1 =1

-1

S|

THAHDT,

V(G5 —B) =4 N(0,Vasis),

(22)

(23)

(26)



Thd, ZTIT,

VasLs = (E(AiB’-) (E(BB))) " E(B, A’)) - (32)
x E(A;B}) (E(B;B))) " E(u!B;B}) (E(B;B))) ' E(B;A)) (33)
( (A;B)) (E(B;B}))” E(BZA;))_1 . (34)
LUBlR/N-/ {8
Vasrs = = (:L > AB; (:L > Bi > % > BiA;) (35)
i=1 i=1 =1

R 1 B 1o T
x— Y ABj ( > BZ-B;) ~> 4iB;B; < > BiBg> — “B;Aj|(36)
n =1 " =1 " =1 " =1 n =1
—1

n n -1 n
1 (1 o) 1 N
x (n;AiBi <n;BZBi> - ;BlAl) (37)
CUTHRETE S, ZOWEARONIL, THAE - OEGICE B2 L OBERLOTH S,

o AMEMRFFDOY T MY T EHAVS L, 2SLS ?&iiwﬁﬁ%ab%ciﬁiba’w:?r%ém& -
Ji. fESHEYY 7 FTH OLS #EE 2 2147 5 Z £1Z & o T 2SLS #EEEZ KD B Z &3
TE3, =~ %@% ®2&%E®mﬁﬁifﬁﬁéM6@@%Ei%ﬁs LiE—5
I EUVWEHERERIZIE R > TWARW S, BUEPRKBHEE IZHWTIRWIT AW,

Hausman RE HB3MNREK X; DNEDINENLE S Db oWk, TNE2RET S Z LD
TE5, 272U, EYLEELRZ, BRHATETH 5 0EDR D 5,
MEDHEARN T A T T, OLSHER L 2SLS HEBZRIRDZ L TH D, X; BWHNERS
OLS #tE &l —8E%2 £ Oh, X; BNER S —BME X w, — /T, 2SLSH#EEEIZ, B 560D
—FMEDR DB, HoT, X; DPANETH D & W IR E L IT X, 20 DD
HIFFAU LSRR 25, LU, WMVAREPELITNIE (0F 0 X; DN ERS), KELES
T3 THh 5,
Hausman MEMeI&EIL, IROATEZ SN,
n(Basrs — Bors) (V. 5 ) Besws — Bors). (38)

B2srs—BoLs

7272 L. DEOHEBIZH WS 4; £ UTIE, 2SLSHEDEAE %5, HEa—0BE&I1zit. V;
%ﬂﬂ—ﬂnsttb\:@ﬁﬁ%<®%#1b%ﬂ%ﬁéMka\ikﬁiﬁﬁV7bW17
THEF 74N NTHOLNTWVWBEZ ENZ W, UL, DA —OHBEIZIZIEL L 2\,

B, ;®@%hﬁii.ﬂxug_OtwoﬁﬁéﬁﬁT%hﬁit%ﬁ?é YL TED,

o REIDMEZTHZDONE WD L, OLS DIED BEHAVNI W=D, H L TE5745, OLS
DF NS TH S,

o L2 L, — AT, Hausman MEDFERIZ K o THSHEEZEZZ D2 VI DI, MEZI
x_T_J BN D 2 HEIEMINTWSD (Guggenberger (2010)),

Basrs—Bors —



3.3 RBEZENEUIHNE D HARD

3.3.1 BREEZHOEEMN

BEERUE, B OLM 22T HERDH D, UL L, T X TONE CTERIELE OB
SV ERIEDEL, iz Ty BEEELRKRETH S Z e eI Tnb,

BFOWRFEZHOBE SWEELE L X, WEZK L OMED (L e TIER WD) W ERIEERD
ZeThHD, ., HOEELSEIIMBEIZ 2002 T TIZRZED, 2SLS #HE &Ik

%Z?:l(zi - Z)Ui

B =P+ (39)
SzXx
LIRBDT, cov(Z,X) #0,cov(Z,u) =075, BHBNZIZREIZET LW, LU, FEEIC
i T — RN TRz, BEEPH NG EITRBROEAKRE S ZoTLES LW
SMEMNEL S 5,

T Tl BEZBIXENIZEEIT X R WDEA S D,
WEZER =D DGEIT, BIAFZEEATTN L S D 2D Tk,

o —BEHDMERET, BMIELHOBEN0THB L WS IRMRHEZMET S, DED,

EWS K& OLS THERE L, m =0 L WO IRERE ZMES 5, 20 F BUEHEHEA 10 A
EThhiX, BELEIZT 2TV E WA S (Stock and Yogo (2005)).

BEEBDPTHNGEITES Lo Jvwoh?

o BAEEEAGE TH B S £ W HEREMS, £ < DHTRIBEENT VM,
T b BB R R B (LIML) 2 & < Vv o h 5,

o BEEENINGEIFHEEZHL <250, RBUZBET 2 IREIDOBIER S 5 £ <X 2 HIED
REIN TS, Anderson-Rubin (1949) #ist &, Kleibergen (2002) #Gt RS ETH 5,

72U INSDHFFEIZOVWTIH, ZORETIZELD Fbiz\n,

3.3.2 BIEEHOANEMN

BRI T2 T REL D —DDRMIINENTH 5, BARZRSHIENT VWS & S ITIEFRE
AHEETH 20, HREANOLEITIIMRENRTH S, 72U, TNTORELZBONAENEZR
EETHILIFTEY, HTT IRBOBIZT ODBIFLEBIINETH D L WS IRED F T, T
NOBMEEBDNENZRE ST B Z D TED, Lahio T, Jiud, BEEHIME L IFEN 5,

o HAWNLTATTIE 4 & Z, DMHEZHFARDLZ L TH 2,
o MOMEMG BEMMAT 2, 1L JREFG & LITIEN D,

(5 () (R ama) (Ze@) o



o JBUEREHRIE. RIERSOILT, 2 _, ICHHEIRT 3.,

o TR, HHENmM -k THDIETHS, Tk, kIEOBIEEZEIIHED-DIZHib
NTEHEH, ZOIEFEPOEBIEEABONELUDPRETERWZ EENIGLTWS, 1E, Rk
IR FEHI Uz & 12, EOEELBINETH 5 00F, BRI TEERA R D il © =
A A

3.4 MRHATH—RIGEOEEDIT L REFRHEICE 50

HEIEX; D5 Y; NOFIRD, AT LITES (LD RN EZEZTALD, HL. TDE
WS RE R ERDATHRE > T 2461, fIOETRAZ LS, HAEEHEZETVIZWL
NBEZZLT, TOEVWEFARLZENTES, ZITI, BETERWEVWLEH DL L =12, OLS
X ISISHERIZED L SR ENR DL %EE R D,

Bl LT, BEERX, WEL Y IL52 5 ER2RTROELOI>BRETNEEZ D,

Y = Boi + 51X + ;. (42)

Bui \XMEN i BWEEER X, % | NS E-ROEEANDORET, SMANT L ICRL2EZED
D OMREMTHDLEEZDILITT D, BRAFIITE>T, EIMENT LITHERD Z KRB
INTWD, E(By) FEEFEEN 1 FZ -ROVHN G ES EREFZR L, FHERIE (Average
Treatment Effect, ATE) LIFIXN 5, ARKMIZIETRTOMMAIZDWTD By; & FUEIZHEE T &
NIEF—FB LD, ZNIEARAEETH S, B WMEAT LITH® 5 Z & 2 H L T OLS X 2SLS % j#
HAULRIZ, E5VWS8PHESINLDNEEATHD,

B L X; WS THBENE DN ->T, MEIEDHL->TL %,

Bii & Xy MILAIBE T, X, & PWEMBEALLEEEEFEZX S, TOLE, OLS #ERII,

By = S);Y —p cov(Boi + ﬁllzXZ i, Xi) = Cov(ﬁh;(“Xl) = E(Bu)- (43)
Sx Ox Ox
L0, ATE RS 5,
WIZ, X; & u ICHERH DL LT, BIELEK Z, ZHWT2SLS 2175, 2D & E, RD
51z, —BREHOHEADN NI A=ZEUTOLIIMMAZT L IZER LD, NTA =X i, 14 X
Z;, ENIThHBET B,

X, = mo; + 71525 + ;. (44)

,312' éﬁ Xl ﬁlgﬁjf%é 2:11\57%{4:%/}\ b?ﬁ&)f\ 517; c\: 7TOi,7T1i,Z7;,Ui ﬁ’ﬁﬂﬁfﬁ)é%@éﬁ L/cl: 50
Dk E,

52SLS _ SZY ozy _ E(Bumi)
= — = = E(Bu). 45
! szx | ozx E(71) (Bra) (45)

LD, RIFED ATE ZHEL TWE Z bbb,



B & X; I TR WERNEEETIL RIZ, MY TRWEEE2E XD, ZDO2 &, OLS I,

B = XY cov(Boi + B1iXi +ui, Xi)  E(B1iXi(X; — px))
b s% 0% - E(Xi(Xi - px))
LD, By DEADEEHEZHE L TWS I RN 5, Bz, X; DEFKEWMEAZ EIZL
SRR TWB Z e b5,
BEEBUE DG A X,

(46)

josLS _ Szy _, 02y _ E(p1X;:Z;)
! szx D ozx E(X;Z;)

THDEDT, RIFH, EADESEHZMEEL TWD I Wbhd, Bz, BIEEZED X; 12525
WEDOREWMANZFNMI U EHEZ R TWEZ Wb b, -I0HERPS, X; Dy 1T5 %
DRCE R BEEBIEIC Ko THEET 2 &, T AHMELRIT L > THEEMEA LD > TL %] HE
Wb NS bbb,

BB, B & X CHEND B0 E D NIIMEAGETH 5, Heckman, Schimeirer and Urzua
(2010) I2 & B &, BMEEIZ=2H D, TDI3HLO—2%, BEFHIOBEEMES WS> HDTH
%, ZTOZ Lk, WEERAIME OMFICRIEZEZ T, 20, L. HEDD DHERFBHET IV
BEZIRNE S, WEERARE L, BEEBONEEZRE L TWBE D, BIEESBOINENZ K
FEURE ZITIEFNIEIMHE O S AHRIBHETVORE L EZEZ DI ENTEEL VWS 2L ThH S,
DF D, HARERUIZIE, @EFHINMEDHIRE T HILIETERY, 52D HKIFZZ
TITEL D b7,

(47)

3.5 REMOBBICHT %XTUE

WY EEE AR RO 208, EHFEMEIIPWTIE, BEEETCHLVWEETH S, WEET
FHINT WD > @Y R B EE B 2 A DT NIE, FNET T BEERERNCRD S 5,
BAE DT FEIEDH TIE. WAEMIZH T 2 /0EIZIZ FIZRD DD /LD 5,

o BREZEAL MR o BIERERE L, B Tl & fa AR OHEE, TEISHE
EHZ M, BRI EE G AR VER RV, SR HE T B,

o HAREBIZZL o TWBRIEZE S F {5,

BARER [RAK X, DN, D L HOMITIEERO I SICT VA LIZRE>TWS
(DFEOHENR) EEZONBRMDZ L, ¥EFEERE HIEIENS,
HARFEERIZIZ., —DDXA THhdh 5,

1. X; DIED, AEAIZIRES L ARELGE, TOL Zi2iE, BIZOLS 2fli-o THEEZ T4
Xk,

2. BEAERLZALDIE, X; DMEZ AN U RD L WIGE, TDL ST, BIFEBIEZ M
WHERES 5, X; OEERLRZILE S 725D ELBE LTS,

il

o Levitt (1996): 30383 L BT~ DIEER DR EZFH R D5, (NIHBAIZ WSRO HILTE
RNDTHIBHTNZZ < DAZIRET 5 LJUFREDN FAD L b s, HEFEPIUREETVD
EZADMIMEEERTH B, ) FIHFATOEMEZ B 5 B CIrb N7 IE R E 2 BIEE R E L
TS,

10



e Hoxby (2000): “FHRDKE X &, FHNT A MEEOBBREFANS, REHOEMERAH» S D
el 3 & BAE AR e LTS,

e Card (1990): BEMIZIZOMIZOESRZ FIF2ENH 201 2FARD, Fa— NHaphEo
IAT INDOBENBZ 52505 OEHRE S

e Angrist (1990): /EHEARHETOMRGIZH 2 2%, B LOoFSE2MHT 5,

o fHDHIIE. Rosenzweig and Wolpin (2000) X°> Angrist and Krueger (2001) &\ 7z 835w
XiZH 5,

B, HAERIE, ZREMEERL EARSRNOT, X, KERSEOREDERNE, Y]
CHNT B BEN BB, BT, X, DI ID BRI STEET 8V HSbTEME, EF LI
EDBBEND B,
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