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09 : BEu S AR (SEM )

Chapter 18. A1t 4 &KX S BR 2 7 A2 A2 A ?
Chapter 19. Bx = 7 A2 42 A 6917 A 5] AL
Chapter 20. B% = 7 #242 A 69 /&t 7 &



T B X A B WS T - N g b ~

17.1 A& 8 = FAE L F kR
172 RAT LT o9&+
173 TET =R LnF
17.4 AH & & =& (2SLS)
17.5 4 3> T B % = 69 A 3P (Instrument validity)

17.6 ¥ 30 8] % = 49 N £ 1% (regressor endogeneity)



TIAE G X T ARG EIX RN



) /N

3} AR YT A A

Y = b1+ B X + uy (PRM)

e ACLRM/EiX T: CLRMMBXA2— XA B =W (&%) sz TiRE
H, WP AT EXRAMNT &, sbid, KRAVTV4E AOLS 7 ik, H13 %)

BLUE.
Cov(Xi7ui) =0
EXA%UOZZ()
o WmRiFH LHMBIX, LA AT EXEMAMTHAM KX, - AOLSHE
T EHIFEBLUE, @&k A TARES (V) @47t

Cov(X;,u;) =0

huhuaping@ #3204 %% = 75 42424 (SEM) | 17 AAMRFAL T LT 25Xk | 17.1 AL 8 2 a5 2 XAk iR



CEENCE &)

y=XB+u

FEALi= %) 2 % (randomized controlled experiment) : ¥ AEFMH T, AT EZXHKR
AAMISE TR (BRE) , REXMNBRAMNEATEYN T (&XR) .
e WX ViAo X;i AR B EZAMN AR (ABXER) , MAKXKZET X, NFRHY, 0948 T
Wo
o IRILZISPEEATHEALTEAE F, I ABEMTRA P, CHELE Y0 L3
0, MiZAREITF X; 8% 01E R,

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 RABEAEE T AT Sk 171 A A AR 2 FAG 2 LA kR




CEENCE &)

b4 B EE (exogenousregressors) : R B X E X; AW AT AT LN
MEAE (randomly assigned) , MARZ A A BT =, L EHMR, TUTLA:

JEA&IL £ PRI (strictly exogeneity) : E (u; | z1,...,z5) = E (u; | x) = 0,

B AMAER KR, AL R, AZZOREAS A Xif X;, 1N
NiZAME e, BT de LB —Fmsy.

Bl #A9F £ PR % (contemporaneously exogeneity) : FE(u;|X;) =0,fori=1,..., N,

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 RA PRS2 LAk iR



BEREANFHT, LRI EPBIET At —F 45384 B A48 A BIX :
e B(u;) =0, mA
e cov(z;,u;)) =0

B A HZAVT CAER GERAR) , & KFAFILOLSH T -

o E(u;|X;)
* E(u;|X;)

0 = Ew)=0
0 = cov(x;,u;) =0

huhuaping@ #3204 %% = 75 42424 (SEM) | 17 AAMRFAL T LT 25Xk | 171 RAE A TR A2 L F kR



y=Xp+u

%R MR AR AB AR (CLRM) Y, SAVBIXFTAR AT X, A4 26, LR
FHAGGFHANZ A0 ( E(u;| X;) =0)

e AT AEBRIIAENEAETEEL, RAE L LR L ARG TAN R EFZ R
(%7T0)

o EIFE, KM —REXEZKIETS, EMMNERERY ZK X, 2 RIS AP
E(ui|X;) =0,fori =1,..., N,

q{d)

Rin, IEF, @271 X, TRREMAG; WAL )27105RALTFHIA T L 2 48

X0y, LE, KMAARAEAFZEANLEETE (endogenous regressors) P72, 1E X
3, ;

e X AT EHMMTHALKX, WAKZHAIEETE (exdogenous)
e X AT FHMMTHTMARX, WHARZAARLEELTE (enogenous) .

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 RA PRS2 LAk iR




43 JUA 15 7

BN RHEZFEEY, NAEABRBTAATEN T XZ—HIA:
e WHTFE (Omitted variables)

o MFIRZE (Measurement errors)
e BABXIFA (Autocorrelation)
o HARBKZPEFA (Simultaneity)

huhuaping@ #3204 %% = 75 42424 (SEM) | 17 AAMRFAL T LT 25Xk | 17.1 AL 8 2 a5 2 XAk iR



BB R T Koy AR AR R

Wage; = 1 + BaEdu; + B3Abl; +€; (the assumed true model)

R, BANMKOGRYEE A AL FELENNFE], B RAVEE TR RN
FIRA Y, FMET —AARIRRAE,

Wage; = oy + asEdu; + v; (the error specified model)

2R, MK ARIRERTY, ZEKTRAZTE Abl, mZTEEFFRKEE Edul T
EXEZFMMAKXRE. ERBIEEZEAT, cov(Bdu;,v;) #0, AmTEFTFHE
¥ EdulLl AN A8 T =P,

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 RA PRS2 LAk iR 10/ 164




T & KAV 8 0R T = M — ARG AL E

BEILRKERN "BsCEE" A5

Wage; = b1 + B2 Edu; + [3Abl; + €;

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A& A T FALE LA RR 11/ 164



T & A R T2 AN AR A AR T

RET B "BESHEE" J: AR R B AREL

Wage; = b1 + B2 Edu; + [3Abl; + €; Wage; = a; + aEdu; + v;

huhuaping@ #3204 5% = 5 4242 A (SEM) | 17 AR E T A% ¥k | ISy _—



T & A R T2 AN AR A AR T

RET B "BESHEE" J: AR R B AREL

Wage; = b1 + B2 Edu; + [3Abl; + €; Wage; = a; + aEdu; + v;

( . 4bi;

huhuaping@ #3204 5% = 5 4242 A (SEM) | 17 AR E T A% ¥k | ISy _—



T & SV R L= AN ARG AR T

FREIRKFER "BXEE" 79 ARFEERTERIEE
Wage; = b1 + B2 Edu; + [3Abl; + €; Wage; = a; + aEdu; + v;

‘

kg

huhuaping@ #2204 3% = 7 #242 & (SEM) | 17 AAEMPAAS T AT 2 k| 17.1 RE A T EFANZ L ARk 14/ 164



v &2 (H9?)

Ak, BREEFINAANEALTEFAGANETT:

Wagei = ,81 + BzEdui + ﬁgAbll + €;

huhuaping@ #3204 5% = 7 4242 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A £ A TEFA G E ARk 15/ 164



Ak, BREEFINAANEALTEFAGANETT:

@ Ii

Wage; = 1 + BoEdu; + [3Abl; + €; Wage; = a; + a Edu; + v;

huhuaping@ #3204 5% = 7 4242 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A £ A TEFA G E ARk 16 / 164



Wage; = 1 + BoEdu; + [3Abl; + €; Wage; = a; + a Edu; + v;

v; = Pzabl; + €;

huhuaping@ #3204 5% = 7 4242 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A £ A TEFA G E ARk 17/ 164



Wage; = 1 + BoEdu; + [3Abl; + €; Wage; = a; + a Edu; + v;

v; = Pzabl; + €;

Cov(Edu; ,Abl;) # 0

huhuaping@ #3204 5% = 7 4242 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A £ A TEFA G E ARk 18 /164



Wage; = 1 + BoEdu; + [3Abl; + €; Wage; = a; + a Edu; + v;

—

v; = fzabl; + €;
- = Cov(Edu;,v;) #0

Cov(Edu; ,Abl;)) #0 _

huhuaping@ #3204 5% = 7 4242 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A £ A TEFA G E ARk 19/164



: M-Ik £

RZIHEMEAR P RIREFHOENA T EARAFF AL EANN G, 2R
Y2, HBEA T E P HARZFRZ (measurement error)

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A& A T FALE LA RR 20/ 164



R, MBEIFTRCHEFEEA (real model) £:

Wage; = 1 + B2Edu; + B3Abl; + u; (the assumed true model)

K, B ANMRGIRE ) BE Abl (AL EAEMMNFD, ZMNELSFIEER FH
KEFLE (IQ;), tMERTARERGRETZHEAE (proxy variable model) :

Wage; = a; + asEdu; + asI@Q; + v; (the error specified model)

o W, FRAKFIQMIAAZRANEE AbL G —ANKREEE (proxy variable)

« MKIFL, RAKFEE AN ZZZERTHRAKFEE IQ;. B, THFH
¥BEE Edut ERMTIHAF RANEARE ADL, T =Nk 235 HAEM XX
. tmimigiE A Y, cov(BEdu;,v) #0, Ata XX FFREE FduL A RE AT =

=] 28 o

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 RA PRS2 LAk iR

21/164




T A AT B3R £ T — AN AR 4G AL T

BRETLHKERN "BsSRE" J79:
Wage; = B, + BEdu; + B3Abl; + €;

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 RABEAEE T AT Sk 17.1 R4 8 T Z R LAk IR 22/ 164



Mgix £ (EFL)

T @ EAVNT N F 3R 2 F M — AR IR T

RELRK¥FR "BE&EE" 79: BEIFMEB N ERZERIEEL:

Wage; = b1 + B,Edu; + [3Abl; + €; Wage; = a; + a,Edu; + az1Q; + v;

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 RA PRS2 LAk iR 23 /164



MTix £ (&)

T @ EAVNT N F 3R 2 F M — AR IR T

RELRK¥FR "BE&EE" 79: BEIFMEB N ERZERIEEL:

Wage; = b1 + B,Edu; + [3Abl; + €; Wage; = a; + a,Edu; + az1Q; + v;

( Abll — {IQl ,Abl_otheri}

huhuaping@ #2204 3% = 7 #242 & (SEM) | 17 AAEMPAAS T AT 2 k| 17.1 RE A T EFANZ L ARk 24/ 164



T @ AV &R E AN ARG B

RETHRKFER "BXLRE" A: BRIFMEGNEIREAIRE:

Wage; = b1 + B,Edu; + [3Abl; + €; Wage; = a; + a,Edu; + az1Q; + v;

( Abll —= {IQl ,Abl_otheri} /
IRE # HK

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 RA PRS2 LAk iR 25/ 164



RE (RF?)

EAkd MEBREZNANEATEZRAGAEWNE T4 T :

Wage; = p1 + boEdu; + [3Abl; + €

huhuaping@ #3204 5% = 7 4242 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A £ A TEFA G E ARk 26/ 164



EAkd MEBREZNANEATEZRAGAEWNE T4 T :

(%1

Wage; = By + B2Edu; + B3Abl; + €,  Wage; = a; + ay,Edu; + az1Q; + v;

huhuaping@ #3204 8% = #2424 (SEM) | 17 RABEAEE T AT Sk 17.1 R4 8 T &R Uk R 27/164



EAkd MEBREZNANEATEZRAGAEWNE T4 T :

(%1

Wage; = By + B2Edu; + B3Abl; + €,  Wage; = a; + ay,Edu; + az1Q; + v;

huhuaping@ #3204 5% = 7 4242 A (SEM) | 17 AAEMFIA S T AT 2k | 171 REA L= y R 28/ 164



EAkd MEBREZNANEATEZRAGAEWNE T4 T :

Wage; = By + B2Edu; + B3Abl; + €,  Wage; = a; + ay,Edu; + az1Q; + v;
v; = [3Abl_other; + €;

huhuaping@ #3204 5% = 7 4242 A (SEM) | 17 AAEMFIA S T AT 2k | 171 REA L= y R 29/ 164



EAkd MEBREZNANEATEZRAGAEWNE T4 T :

Wage; = By + B2Edu; + B3Abl; + €,  Wage; = a; + ay,Edu; + az1Q; + v;
v; = [3Abl_other; + €;

Cov(Edu; ,Abl_other;) # 0

huhuaping@ #3204 5% = 7 4242 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A £ A TEFA G E ARk 30/ 164



RE (RF?)

EAkd MEBREZNANEATEZRAGAEWNE T4 T :

Wage; = By + B2Edu; + B3Abl; + €,  Wage; = a; + ay,Edu; + az1Q; + v;

v; = [3Abl_other; + €;
- = Cov(Edu;,v;) #0

Cov(Edu; ,Abl_other;) #0 _

huhuaping@ #3204 5% = 7 4242 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A £ A TEFA G E ARk 31/164



A% 8 4% 7 A

BEBEFEEERA: AEEMFTELTE (Y y,...,Y,,...) FARELT, H
MAERER T,

Y: = B1 + BoYi 1 + B3 Xy + wy
S R LT IRAEILA —H 8 48 X AR(1), HEBP:
Ut = PU—1 T+ V¢

M4, 2K cov(Yiq1,ui 1) #0, 3t cov(Yi1,up) #0. Bk, THHFFHEE
Y, 1 EARE R T =R A,

huhuaping@ 4% #04 5% = 7 #24: 2! (SEM) | 17 RAMFAS TET$ k| 17.1 A4 A PR 2 LA kR 32/164



MEMR (RT)

T @ KAV T 7 8 A8 % 1 A — A ARG LR

—HrBElmRAR(DERE

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A £ A TEFA G E ARk 33/164



MEMR (RT)

T @ A5 3 B AR KA S — AN AR A9 LR

—HrBElmRAR(DERE

Yy = By + BoYeoq + BaXy + up (EREY)

U = pus_g + 6 (GRENERR)

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 R4 8 T ZFAE 2 LA R IR 34/ 164



MEMR (RT)

T @ A5 3 B AR KA S — AN AR A9 LR

—HrBElmRAR(DERE

Ye = By + BoVe1 + BsXe + vy (FRE)

= pu;_, + €, (GEENREY) -

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 R4 8 T ZFAE 2 LA R IR 35/ 164



5l a4k (®asl)

T @ A5 3 B AR KA S — AN AR A9 LR

—HrBElmRAR(DERE

Vi =By + BaYioq + BaXe +up (EHRE) "BRE" #iBK

A

= pu;_, + €, (GEENREY) -

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 RA PRS2 LAk iR 36/ 164



A%k (R3?)

B3, Pl ataxi AAAERTEFAGANE T :

C(EEE)

Ye = By + BoYio1 + B3 X +uy o

huhuaping@ #3204 5% = 7 4242 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A £ A TEFA G E ARk 37/164



A%k (R3?)

B3, Pl ataxi AAAERTEFAGANE T :

C(EEE)

Yt=ﬁ1+,321fi1 + B3 X¢ + u; o

(FieAeEy)
Yi1 = b1+ BoYe—o + B3 X1 Uy °

huhuaping@ #3204 8% = 424 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A& A T FALE LA RR 38/ 164



A%k (R3?)

B3, Pl ataxi AAAERTEFAGANE T :

C(EEE)
Yo = b1+ BaVioq + B3 X + u;

(FieAeEy)
Yi1 = b1+ BoYeo + B3 X1 + Uy

o

Cov(Yi_1,ui—1) #0

huhuaping@ #3204 5% = 7 4242 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A £ A TEFA G E ARk 39/164



A%k (R3?)

B3, Pl ataxi AAAERTEFAGANE T :

C(EEE)
Yo = b1+ BaVioq + B3 X + u;

(FieAeEy)
Yi1 = b1+ BoYeo + B3 X1 + Uy

o

Cov(Yi_1,ui—1) #0
Up = PpU—1 T+ €

(BEMERY)

huhuaping@ #3204 8% = 424 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A& A T FALE LA RR 40/ 164



A%k (R3?)

B3, Pl ataxi AAAERTEFAGANE T :

C(EEE)
Yo = b1+ BaVioq + B3 X + u;

&

(FTAERERY)

Yio1 =01+ ﬁzyti+ Pp3Xi—q + Us—q °

Cov(Yi_1,ui—1) #0
Up = pUp_1 + € - ‘ Cov(Yi_q,up) #0
(@EPRERL)

—

huhuaping@ #3204 8% = 424 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A& A T FALE LA RR 41/ 164



AR 2t

St T E Bx 52 7 AR 69 AT X

{ Demand: Q; = a1 + asP; + uy;
Supply: Q; = B1 + B2 P; + us;

PR Fa, B AN PR # B eEfELE QN E; RITAR, BH
Z 18] A f2 48 B BB # L o

F o, T E cov(P;,ug) # 0, H cov(P;,ug) # 0, Am = AR AR,

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 RABEAEE T AT Sk 17.1 A4 8 E =2 FANE LA kiR 42 /164



T @ A T AZER A — AN AR A AR

Qi=a1+a2Pi+a3Ii+udi ( :RC(2<OC!3>O)

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 RA PRS2 LAk iR 43 /164



T @ A T AZER A — AN AR A AR

Qi=a1+a2Pi+a3Ii+udi ( :RC(2<OC!3>O)

Qi = b1 + B2P; + ug (25 B, > 0)

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 R4 8 T ZFAE 2 LA R IR 44/ 164



T @ A T AZER A — AN AR A AR

Qi=a1+a2Pi+a3Ii+udi ( :RC(2<OC!3>O)

Qi = b1 + B2P; + ug (25 B, > 0)

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A £ A TEFA G E ARk 45/ 164



T @ A T AZER A — AN AR A AR

Qi=a1+a2Pi+a3Ii+udi ( :RC(2<OC!3>O)

Qi = b1 + B2P; + ug (25 B, > 0)

IlEj-bll # i\ﬁl% o b

=7~

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 R4 8 T ZFAE 2 LA R IR 46 / 164



|4

BARH, ZAAKRIMIAREA TR AWNE T~ T :

ﬁa'%*: Qi = + (szi + (Zgli + Ugi

~ -
a ~o I ,@
~ -
~ 1 -
< -
~o 1 .
~ -
~< | -
~ -
~ -
<~ L

huhuaping@ #3204 8% = 424 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A& A T FALE LA RR 47/ 164



Btz (B2

BARH, ZAAKRIMIAREA TR AWNE T~ T :

ﬁa'%*: Qi = + (szi + (Zgli + Ugi

Be5: Q; = By + BoP; + ug;

a ,@l
So -
~ /’
~ -
~ -
~ -
~o .
~ -
“ -
.i a ia
’

huhuaping@ #3204 8% = 424 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A& A T FALE LA RR 48 / 164




BARH, ZAAKRIMIAREA TR AWNE T~ T :

ﬁa'%*: Qi = + (szi + (Zgli + Ugi

Be5: Q; = By + BoP; + ug;

a ,@l
So -
~ /’
~ -
~ -
~ -
~o .
~ -
“ -
.i a ia
’

huhuaping@ #3204 5% = 7 4242 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A £ A TEFA G E ARk 49 /164



Btz (B2

BARH, ZAAKRIMIAREA TR AWNE T~ T :

ﬁa'%*: Qi = + (szi + (Zgli + Ugi

Be5: Q; = By + BoP; + ug; _

@ @ Cov(P;,uyz;)) # 0

huhuaping@ #3204 8% = 424 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A& A T FALE LA RR 50/ 164




ARy, ZAZER M A NAE A T ZFA0AIE T

.

%*I Qi = aq + (szi + (Zgli + Ugi

~ -
a ~o I ,@
~ -
~ 1 -
< -
~o 1 .
~ -
~< i -
~ -
~ -
<~ L

H25: Q; = B1 + BoP; + ug; _

Cov(P;,uyz;)) # 0

Cov(P;,ug;) # 0

huhuaping@ #3204 8% = 424 A (SEM) | 17 AAEMFIA S T AT 2k | 17.1 A& A T FALE LA RR 51/164



i R ) BT

BAR“ R FARRZ .

score; = a1 + agskipped; + asabil; + agmot; + asincome; + u;

— AN RKHTEEZLT N RRER T .
score; = 1 + Boskipped; + v;

o F 3] MR B RIBAMTh, 2L KM A ERZA P skipped; 5 v; F 49 35 2
RAEAX, FlhetRH S abil;s ABARM mot, 89 F A&, RPLA D,

e HAALE skipped; 7T i AT HR v; /8K, sbbd, T ALHRG ), =T
T EHS

AE A%

huhuaping@ # 304 3% = 7 A24: A (SEM) |

17 AAEMPAAS T AT 2 k|

17.1 B4 A Z =R 2 L FkR

52/ 164



6 4

score; = 1 + Baskipped; + v;

B IRR A skipped; 0 TR K & Z; 8 MRET G ayR?

o eIk LR EAIER distance. HAT—AINA, € HRBREKANX skipped;, 1242
CHuPHEERELLAMAKXA?
o d RIMNKF incomeHAK AT F 3 b, 12ABERIEA G NEAKF income X

2, L ERF v, PELETRRVEZT T — KA K-F income. LB, FEH
distanceit. 2> 5IKNKF incometi =, G v, /8%, 7] ek, #
e F a4 (BF4) 3 IKANZHF A, ME TIER

huhuaping@ #2204 3% = 7 #242 & (SEM) | 17 AAEMPAAS T AT 2 k| 17.1 RE A T EFANZ L ARk 53/164



T2 AEE T&T it A



T R

— M mE, HTA2IA®RZ, MAETZ2 20K, 2FZ0LSH ka9fE T+ R—
.,

BOR A6 TR ZEF A58 ) & SURE A 6,5 A R R A 69 BEAL T

o 2 PR T
Wagei = 51 —+ ﬂ2Edu7; + 53Abli —+ u; (a) Wagei = 51 —+ ,BzEduq; + €; (b)
PRI AN AR T AEAE A TR AR AR L AL 2] H¥: e = B3Abl; + ¢
o
o] AR R R ) A F e L7, AR ) ARSRAGA T K F AR AR K, XHFHT K
PR Z AR E L= R EMX. Cov(Edu;,e;) > 0.

1T
o WA AF TH %! "omission" does not means “disappear” !

huhuaping@ 504 % % 7 f24 % (SEM) | 17 A4 MR AL TAT S & | 17.2 1 4 % % ik 8943t ) 48 55/ 164



o R A RAER A .

Yi=06+ 61 Xi+e (1)

HEMAZOMN AT ZE XANATF YELE I, {220 KM T E DL HIN
FRATE X, AmB—FRKRHA—"TAAN B GRELTE (&2 X*)

£

o MAMLE & v; 092 A0, £ o2
o X;,6; 5 v;REAME4y (pairwise independent)

K, EANHIET —A 0 AR EiREHRIRR.

Yi = Qg + (JélXi* + v; (3)

huhuaping@ 504 % % 7 f24 % (SEM) | 17 A4 MR AL TAT S & | 17.2 1 A& T % 5 F 094 it ) 2 56 / 164



P — AL H

Y; = B0+ 51 X; + € eq(1) assumed true model

X'=X;, —v eq(2) proxy variable
X, =X+ eq(3)
Yi =060+ B8 X!+ eq(4) error specified model

A (3) WATAL (1), T AT 2|77 42(5):
Yi=Bo+BiX; +e& =00+ (X +v)+e=00+BX+ (6 +Bv;) eq(5)

X & PRIRAEB P AR 2 u; = (¢; + Brv;), ATFEK COV(X:, uz) 40
, T/ LRI REZ=ZE, OLSH FR R aeFa—a#anfsitEs (AARLT—

huhuaping@ #3204 5% = 5 4242 A (SEM) | 17 A MRS TEE 5k | 17.2 P 4 7 3 5 F 604 3+ 17 A2 577 164



N Eh A E(’LLZ) — E(EZ +51vz~) = E(Ez) —‘rﬁlE(Uz') =0

Cov(X/,u;) = E (X — E(X})) (wi — E(w))]
:aE()QW%)
= E[(Xi — vi) (& + Brvs)]
= F [Xiei + 81 X;v; — vi€; — ﬁlvf] < (pairwise independent)
= —E (p177)
= — 1 Var(v;)
= —pioy, #0
FHi, 78498 X* A48T = (endogenous) , RfmOLSHY R H f&
Tl’% ,Bliaijf:"‘ﬁiél{] o

huhuaping@ 504 % % 7 f24 % (SEM) | 17 A4 MR AL TAT S & | 17.2 1 A& T % 5 F 094 it ) 2 58 / 164



R L A2 ( 4.7 4E 9 )

— T T, 2 FCLRMB X P 8IA2#FH, OLSKEH =22 FHmE (biased
estimator)

A4, AFEAH BHOLSIEHEIZBNXA

-1

B=8+(X'X)"'X'e (6)

KAV LA R BB 2
E(B) = 8+ B ((X'X) ' X'e)
=8+ E(E((X'X) ' X'¢x))
(

=B+ B ((X'X) ' X'E(e|X)) # 8

4 RCLRMAR X T A2 E(e|X) = O H, LA &E%RE E(e|X) #0, AROLSHE
= A A AT,

huhuaping@ #2204 3% = 7 #242 & (SEM) | 17 AAEMPAAS T AT 2 k| 172 AA T Z & T o9&t A 59/ 164







M % Hhe (X iE9A2 )

B A ARAKIE, FRANC L 4B OLS T a4 EAEIT A -

p_ LXK X)-Y) P -X)¥-Y)/(N-1)  &¥x,Y)
2 > (Xz — X)2 > ()(Z — X)2/(N— 1) var(X)

¢ ii%;u*%-, ﬁ"% COV(X,L',’U,Z') =0, ?JIVADI'J%‘

cov(X,Y) cov(X,Y)

2= "m0 T vax) P

o RZ, 42X cov(X;,u;) #0, ARAN A :

cov(X,Y)
var(X)

cov(X,u)
var(X)

= B2 +

bz%

#* Ba

huhuaping@ #2204 3% = 7 #242 & (SEM) | 17 AAEMPAAS T AT 2 k| 172 AA T Z & T o9&t A 61/164



it §
ARA, A AFHT RMNT T2 —HfETER?

-1
g _ 1
plim B = B+ plim ((X'X) 1X'e> = B+ plim ((X'X) 1X'e>
n n

~1
1 1
= B+ plim (—X'X) X plim (—X'e)
n n

i i1 5§ K ¥ = & (Weak Law of Large Numbers, WLLN):

1 1 <& P
€ ng € (X€:)

n 1=1

AN

lkt‘ﬁﬂ% E(XZGZ) =0, D]'] Bf%"ﬁ'férl'%o

T2 ENA: E(Xe) =0 WCLRMIRIX T #9A2 E(e|X) = 02 & 5w 2. Bk,
—LF RIS, EXHFARALTLTAZBE—RN.

huhuaping@ #2204 3% = 7 #242 & (SEM) | 17 AAEMPAAS T AT 2 k| 172 AA T Z & T o9&t A 62/ 164




& 8 dn T Ay R

lwage; = B1 + B2educ; + Bsexper; + Byiexpersq; + v;
oA PR, ZC“RIERVFEAET, MARZAFLSATANGEELZET F,
Blhe NABRAKF CAbL) , CRNNITRFEETsTHEFLAEATE 4
75 o
BEZ, AEZIRXKFEEATHTAIX, LB cov(educ;,v;) #0, Hite A
N4 8 L% (endogenous regressor) o
EE
o BEEBF, BMNIERAZEE FHME Neduce RELTE, TRFELAF
RAT @R B G9R £ M F P A

63 /164
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it

R A K EA28 L CAEH I LK wage 5 A XEHF FH educz M9 X &,
F e TR &

gL

vars mark

lwage B35 T3¢

educ THH FH

exper I

fatheduc KRBT HE FHK
motheduc TR THF FHK
inlf RERFTINN
hours T AHEeF K

Showing 1 to 7 of 22 entries Previous 2 3 4 Next

huhuaping@ #2204 8% == 54242 & (SEM) | 17 AAEMPAAS T AT 2 k| 172 RAZ 2 AT 6+ A 64 /164



R

KIEE (v=928)

id Iwage educ exper expersq fatheduc motheduc
1 1.21 12 14 196 7 12
2 0.33 12 5 25 7 7
3 1.51 12 15 225 7 12
2 0.09 12 6 36 7 7
5 1.52 14 7 49 14 12
6 1.56 12 33 1089 7 14
7 2.12 16 11 121 7 14
8 2.06 12 35 1225 3 3

Showing 1 to 8 of 428 entries Previous 1 2 3 4 5 54 Next

huhuaping@ 504 % % 7 f24 % (SEM) | 17 A4 MR AL TAT S & | 17.2 P} £ % & ok T 89 41928 65 / 164



[ =& Pa
1 1 1

) TEE R4l ogiwage)

i
=&
1

huhuaping@ # 304 3% = 7 A24: A (SEM) |

' L
L »
' :
3
- i :
. )
™ i . ! [ ] '
. g
$ $ ! : $ .
- L - -4
] 3 H . : ] .
- * ] ] =
_ \ P
. ]
* » ~
» L
L
& L
L
5.0 75 10.0 . 12.5 15.0
ZEE FEeduc

THREFRETHLEFORLA

172 R AR EET 69451 FAE

175
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huhuapin

Aty T 87 A9 784 oglwage)

@) #2304 BX = FAERE A (SEM) |

5.0

7.5

' i
L] L)
.
. Lo
: : ——
P 1]
$ s &
$ . g # ®
® 2 :
R T
L
® & .
P L
L
& [ ]
[ ]
10.0 12.5 15.0
Z3E Fieduc

ERRFXETHFROBLA

172 AAZ F X T M6 E A

L B e L D ledal

L]

175

fatheduc
16
12
8
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& 450.SE) Y3

S R A IE Do T a9 “ApiR R, JF B+ R FIOLSHE

mod_origin <- formula(lwage ~ educ +exper+expersq)
ols_origin <- Im(formula = mod_origin, data = mroz)

huhuaping@ # 304 3% = 7 A24: A (SEM) |

lwage = + B1 + Boeduc + Psexper + Biexpersq + u;

l@e = —0.52 + 0.11educ + 0.04exper — 0.00expersq
(t) (—2.6282) (7.5983) (3.1549) (—2.0628)
(se) (0.1986) (0.0141) (0.0132) (0.0004)
(fitness) R? = 0.1568;R*> = 0.1509

F* =26.29; p = 0.0000

17 AAEMFIA S T AT 2k | 172 RAT Z&HT 6465t A

68/ 164



M3 LAX g AALH



Egk, ML T B RXRBEAHA—ITREZAAL8EE, VWHHK LFHOLSHE
AR K 1R

OLS 7 &0y &+t m 2>, kB T &AL KGCLRMIB X ¥ 49 E(X;e;) =0, X &%
A AAVARAZ AR AR IR 2

X'e=0

e, KR LtaTeHMIRENAAEMEXE, LB E(X) #£0.

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 173 TAT AL RHF 70/ 164



% W
S R EAT A B K E| XA — BB T F (explanatory variables) Z, AT X 4w
T &

o #8X M (Relevance) : Z5 XA%
o ShAM (Exogeneity) : Z HFM TR efta X

FAVARHZ A L FZFMH T 7 ZATEEE (Instrumental Variables , IV ) o

huhuaping@ #3204 3 = 7 #2424 (SEM) | 17 RARFAA LS T AL &% | 173 TAZ SR A %HE 71/ 164



 fET T

ERAERATIET G, 2= ﬂAIVT’T VAR R A4 T o9 EN &K X (normal
equation) —— 2 /A XA 4E 51 (moment condition) 7 X :

Z*:z%@-xﬁw)zo

B2 Z'X ZFFHH% (non singular square matrix) , WA :

BIV — (ZIX)_IZ'y

ERETF ZXAFHFRAEM A, LG EATAREHLY, REAMNYILE
R, FHRAY 09 A T4

Rigdast, TARERTHAMSHE By EHIRH AT NHARA R, 1227
LY R H i —E .

(AR P 49504 A %8, AR ELTUAKHN IALE.

72/ 164
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iR

T @ & AVRIES By & H it — B

1

Brv=(Z2X)'Z'y=(2'X)"'Z'(XB+e) =B+ (2'X) ' Ze

plim By, = B+ plim ((z’x)‘lz’e)

1
=B+ (p]im (1Z'X)) plim(izle) =p
n n

o fRIEAR X M % (Relevance) o fRIE N A M 5 (Exogeneity)
li L Z'X | =pli L X! li L Z'e )| =pli L Z
plm(ﬁ )—p 1m(g2z,- Z) plm(z e)—p 1m(ﬁz iei)
= E(Z:X!) #0 = E(Zie;) =

huhuaping@ # 304 3% = 7 A24: A (SEM) | 17 AAEMFIA S T AT 2k | 173 TAT AL RHF
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I 57

TaEEMERA—THEMTHAT £ o W TET XL+ H

. v (v=XPw) (v- Xﬁrv)

JIV:n—k n—k

T VAERRC R BRSO L BiET+ T (GEHR)
AT, RAVA T AT E & E BRI R,

huhuaping@ #3204 3 = 7 #2424 (SEM) | 17 RARFAA LS T AL &% | 173 TAZ SR A %HE 74/ 164



)& 4%
A, REAZRWIEZFIFHF, CAFAHR T AT A+ HEGO—KILER
X&o 7‘1‘7:

o MR ITEATZFE LR ITHLAIRMAI LM T 69 K44
o — AN F: If you can find a valid instrumental variable, you can get PhD from MIT.

huhuaping@ #3204 3 = 7 #2424 (SEM) | 17 RARFAA LS T AL &% | 173 TAZ SR A %HE 75/ 164



EoRakey

EAT GERIVHETZ B v B9#rEt 7 £ (asymptotic variance) T (GEF9)
Var(Bpy ) = o*(2'X) " (2'2) (X'2)
Ko
e X'ZRIAT AT &7 241% (covariances matrix ) o
o WmE _HgAaRAZEBAK, W7 2% X' ZH L EPRAKSENLTO0, BHiFE
% (X'Z) R ERMAAEE K. BB, AREHEHTE Var (BIV) L AdEH
K, WEPAE A B A F K.

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 173 TAT AL RHF 76/ 164



ST REEE (FEALEATERA) :

y=Xp+v
—NEAFRBRAMELRIELLTE Z = (X, X¥), HP:

e THAT® X AL HBIARAD T, AHACAIEN AT E.
o AT HTF X*RALZANALIARA T, 22 5RA K igXag, BL LA
B RB I AET Z,

huhuaping@ #3204 3 = 7 #2424 (SEM) | 17 RARFAA LS T AL &% | 173 TAZ SR A %HE 77/ 164



o ik

BR, mXBRATHATE X#AEANARINAEL, NAX =2, Ahsiiy
/R ¥] K% 47 (Gauss-Markov theorem) A& a2 89, JF L& A1E Zix E09 2
o IVAEHE By 3 A B AT 200 15 i1 2k F b 442

o RAMARMBBLCEAF M IEITHFE, T2, RMNAB B IR EBEPI KRG ITET
mAe, AimfEFAEXZIVETEF, BRI BT ZIFETE,

huhuaping@ #3204 5% = 5 4242 A (SEM) | 17 RABEAEE T AT Sk 173 TAT 2R LB 78 /164



PR T 9t 7

TaEF5 ey —MIFEF, RTKMNKRIN I ETEHDZRS TRAEATEHKE

(@ &4 %eit, X B Tid B IRA A over-identification) o
AR BT A E RN, BATF 2RI ETEEFRINE 59T XG A%
0, M EFIVETE8 7 £ 5!

huhuaping@ #3204 3 = 7 #2424 (SEM) | 17 RARFAA LS T AL &% | 173 TAREA L %EH 79/ 164



LT 6 17 7

BT 89 Jr iE LA

o HMARXMEHOLS T ik, & XW&F—3|, Hx4+HFILALT S Z# T2,

miFEloeTE X
X=2(2'2)"'ZX=2ZF

« RE, HAVERMAIFE M XEAFH TS, ﬁ}%lxg‘éy TOLS™
2, KmFR G RTRK—FESEFEEERATHERLT—R):

A

~ -1 . —
By = (X'X) Xy= (X’Z(Z’Z)_IZ’X) lx’z(z’z)‘1

Z'y

ShRE, XA RMEET RGO ARERD=FE (QSLS) .

huhuaping@ #3204 8% 2 424 A (SEM) | 17 RARFAA LS T AL &% | 173 TAREA L %EH

A

80/ 164



RS & R

B THEERZ:

Wage; = By + B1Edu; + B Abl; + €; (ture model)

Wage; = By + f1Edu; +v; (error specification model)

',ﬁ:-‘:lj, vi:BzAblz’—FEio thﬂﬂ‘, Eduf&*‘/l\l’i]iélﬁﬁo

huhuaping@ #3204 3 = 7 #2424 (SEM) | 17 RARFAA LS T AL &% | 173 TAZ SR A %HE 81/ 164



RS & R

BEBRNEBRI B TEHNWIALTE Z:
H L.

o 7 e RAER AL E Wages

e Z 5 v idak, HBP:

Cov(v,z) =0
AR
e ZE2)VE5RN4ETE Edu 1 (relevance)
Cov(Z, Edu) # 0

X —FHRLEHL, TUA AT R EOLSE V269 ay B F AT 3 TR B -

FEdu; = a1 + asZ; + u;

huhuaping@ #3204 5% = 5 4242 A (SEM) | 17 RABEAEE T AT Sk 173 TAT AL RHF 82/ 164




- B ﬁ_' -
. mARLTHY
—RBFFREVEARERFETEEEIANLEATE EdutW T E T =
o Bldn, BELEHBFAZAE motherEdubs TR THFAE Eduthi k. R gk
FREGEE S ADITTRe B E— B F % &,

o XMFdm, RETAHEBKE Siblings 5T HEALE Edu— MR I 748 % *
Z, mEAY 587 Abl N 1Z 48X
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£ : Mgiz £ 5

TaEMNE—T, IVIGETLERMNEREFZOALaTERA,

log(Wage;) = Bo + B1Edu; + B2Abl; + u; (true model)

log(Wage;) = Bo + B1Edu; + B21Q; + u; (error specification model)

B, HEAFE IQ TUH BEANE A EELHT AL Bt TAT S, 22
BEENRE, TAEE IQ; EATESMMAFHA uin .

huhuaping@ #3204 3 = 7 #2424 (SEM) | 17 RARFAA LS T AL &% | 173 TAREA L %EH 84/ 164



RagFritidt

o LR AR BRI A .

score; = 1 + Baskipped; + u;
Yi =581+ B Xi +

BIRAMNKE TEANIAET® Z;, AHERTHOITETSZRA.
Y=o + oz + v

cov(Z;,Y;) = ascov(Z;, X;) + cov(Z;, u;) — [cov(Z;,u;) = 0]
a2|plim _ CO'U(Zi,Y;Z)
v cov(Z;, X;)
> ZiYi :
LiYi
2T

XRFERE LA T ZFEAIVAFR R ZREOLST 89151+ 2 %,
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ST R R E A T AT ERA:

Y = B1 4 B2 X + wy (PRM)
Yi=a1 +a2Z; + v; (IV)

o o T =S B 2

Cov(Z;,u;) =
CO’U(Zi, Xz) 7é

huhuaping@ # 304 3% = 7 A24: A (SEM) |

17 AAMR P AL T AT &% |

AR AT £

IR E Z R i T £ A4

var(ag) =~

H

o 0'22% ?Jzﬁ/:hé‘%jfi, )&-‘EP

var(v;) = o2,

g 0-.?(2-7% Xzéljo‘é"ﬁijfi, "’BJHP
var(X;) = oy .

d pégjmﬁi.XQ%ﬂZzéﬁiéﬁkiﬂééﬁiikéﬁ

o 5 _ eov(X3,Z:))
"'17\7" &EP p(Xi,Zi) — var(X;)var(Z;) ’

173 TARE ALY 86/ 164



St F 452 W AR, &A1 AT A

o2 5
var(ag) ~ nagfip?xi,zi) n52 R?X“Z)
AP
. Jzi ~ S)2Q- E(fi_lX)2 )
* Plxg =R T RPAEEM X Zi8 )RR FIR R

Xi :7%1 —|—7%2ZZ—|—€Z

e P =20 REAMIATEFEEGALNL.

Yi=0a1 + 0z + ¢

huhuaping@ #3204 3 = 7 #2424 (SEM) | 17 RARFAA LS T AL &% | 173 TAREA L %EH 87/ 164



T a4 H =TI E FIREP], W LR R BAITIIEA ST,
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W): 5104t x%

A ILET X E -3, AR ILET X E A3,
educ = + B1 + B2 fatheduc + u; lwage = + 0.44 + 0.06educ. hat

_— (t)  (0.9443)  (1.6081)
educ = —+10.24 + 0.27 fatheduc (se) (0.4671) (0.0368)
(t)  (37.0093)  (9.4255) : -
(se) (0.2759) (0.0286) (fitness) R = 0.0060; R° = 0.0037
) S F*=259; p=0.1086
(fitness) R* = 0.1726; R = 0.1706
F* = 88.84; p = 0.0000

huhuaping@ # 304 3% = 7 A24: A (SEM) | 17 AAEMFIA S T AT 2k | 173 TAT AL RHF
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(W) : R4 G2t ]

KHARGAER T E T B BFHH ivreg(), T AFR e TEH L

Call:
ivreg(formula = lwage ~ educ | fatheduc
Residuals:

Min 1Q Median 3Q Max

-3.0870 -0.3393 0.0525 0.4042 2.0677

Coefficients:

Estimate Std. Error t value
(Intercept) 0.44110 0.44610 0.989
educ 0.05917 0.03514 1.684
Signif. codes:
O "xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.

Residual standard error: 0.6894 on 426
Multiple R-Squared: 0.09344, Adjuste
Wald test: 2.835 on 1 and 426 DF, p-va

huhuaping@ # 304 3% = 7 A24: A (SEM) | 17TARERRERAE T AT |

IATEEEAA:
log(wage) = A1 + Aaeduc| fatheduc + €;
= AP
« FIn YA SHAAFTH
AR 2 ] ?
o FIE A B AR BATEIREZAM A
ATR?

173 TAREA L&
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: liewsR - 8 3 &

EViews# 4 F T AT = 5695 I

Equation Estimation X
Spedification Opticns

Equation specification

Dependent variable followed by list of regressors including
and PDL terms, OR an explicit equation like Y=c{1)+c(2)"X.

log(wage) ¢ educ o

Instrument list

=E e

[ Include a constant

Estimation settings

Method | TSLS - Two-5tage Least Squares (TSNLS and ARMA) &S e

Sample:| 1 408

N

huhuaping@ #3204 3% = 7 #245 A (SEM) | EIT AT ®&k| L% i 91/ 164



huhuaping@

EViews# 4 F LA T &

304 Fx 2 A2 A (SEM) |

2 A0

ElicusiR H 8 27t &

[l

(=] Equation: EQ_IV  Workfile: MROZ:wage',

(SR>

View | Proc | Object

Print | Mame | Freeze

Estimate | Forecast | Stats | Resids

Dependent Variable: LOGWAGE)
Method: Two-5Stage Least Squares
Date: Time:

Sample: 1428

Included ocbservations: 428

Instrument specification: FATHEDLUC
Constant added to instrument list

Variable Coefficient Std. Errar t-Statistic Prob.

C 0.441103 0.446102 0.988795 0.3233

EDUC 0.059173 0.035142 1.683850 0.0829
R-squared 0.093438 Mean dependentvar 1.190173
Adjusted R-squared 0.091310 35.0. dependentvar 0723198
S5.E. of regression 0.689380 Sum squared resid 202 4601
F-statistic 2.835351 Durbin-Watson stat 1.968194
Prob({F-statistic) 0.092943 Second-Stage S5R 221.89799
J-statistic 1.51E-41 Instrument rank 2

17 R &AM

Uf‘%l_ﬂ-

=ik |

173 TET A L&F
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7.4 @E Kk =R & (%6LS)



el

W R AN IELTEHEBSZTHREATEHE, W—BHBET=E ﬁzv ERJSEEEE
kSN
e FIMK: MAXTEHEE X WEFIIAHMN AL LALT S ZH#HITOLSHEH I, AW iFE|4E
[ X 69 4B 4E % X,
o FoMEB: HRAT S y it MA{ELEE Xk TOLSH 7,

AL 3R, —ARMAARN AR AR D =FRE (two-stage least squares,
2SLS/TSLS) .

huhuaping@ # #04 5 = 74248 % (SEM) | 17 MAMFA L TEE S| 17.4 BB & =% % (2SLS) 94 / 164



oral (AR EIRT )

HE, RANVEJEAE R FELHF H I motherduc fEA N A8 T = eductI T AT

A
2SLSWF1ME: AA X Ex a3 TAT Fi#{TOLSH )3,

XM h, AR N AL TSNS TS educ:

L)

educ = A, + A.exper + Ysexpersq + Y, mothereduc

huhuaping@ # #04 5 = 74248 % (SEM) | 17 MAMFA L TEE S| 17.4 BB & =% % (2SLS) 95/ 164



)

AT 2 2SLSH Z1M B AL it id A fe 2 2 (RRA)

mod_stepl <- formula(educ~exper + expersq + motheduc) # modle setting
ols_stepl <- lm(formula = mod_stepl, data = mroz) # OLS estimation

educ — + 9.78 + 0.05exper — 0.00expersq + 0.27motheduc
(t) (23.0605)  (1.1726) (—1.0290) (8.5992)
(se) (O 4239) (0.0417) (0.0012) (0.0311)

(fitness) R? = 0.1527;R? = 0.1467
F* = 25.47; p = 0.0000

HAVT AE B . mothereduc® F a9 AA K T2 (QtEN]) HARtiEIREF (

a=0.05KFTF), ERAELETsAALATEZINGEAITHNEMEXEZ, &
HAXMEOZEFR T HERERTZHILT,

huhuaping@ # 304 3% = 7 A24: A (SEM) | 17 AAEMFIA S T AT 2k |
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N

OBl (et )

FASLSE BIM BT A2, SAVRBT /AR A B % 3 80LSHAE edue,
e PR B # AR E

mroz_add <- mroz %>% mutate(educHat = fitted(ols_stepl)) # add fitted educ to data

id Iwage educ exper expersq fatheduc motheduc educHat
1 1.21 12 14 196 7 12 13.42
2 0.33 12 5 25 7 7 11.86
3 1.51 12 15 225 7 12 13.43
- 0.09 12 6 36 7 7 11.90
5 1.52 14 7 49 14 12 13.27
6 1.56 12 33 1089 7 14 13.74
Showing 1 1o 6 of 428 entries Previous | 1 | 2 3 4 5 .. 72 Next

huhuaping@ # #04 5 = 74248 % (SEM) | 17 MAMFA L TEE S| 17.4 BB & =% % (2SLS)
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iR Z )

2SLSHI B2 BL: & B B2 F 5L motherduc EAA A A 8 T = educty T E

oy \=4
M~ =
X o

EE2H BT, AR T log(wage) it 7T % 13 8] 69 3188 educ A BB F AL
FayhE A T EH L HITOLSH )=,

lwage = Bl + [3’2@1&\0 + B3exper + 34ewpersq + €

mod_step2 <- formula(lwage~educHat + exper + expersq)
ols_step2 <- lm(formula = mod_step2, data = mroz_add)

huhuaping@ # #04 5 = 74248 % (SEM) | 17 MAMFA L TEE S| 17.4 B B % —F ik (2SLS)
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&)

At A # a9 % IEE moroz_add, 2SLSEIFE2M B F4E 4 T :

fun_report_eq(lm.mod = mod_step2, lm.dt = mroz_add, lm.n = 4)

l@e =+ 0.20 + 0.05educHat + 0.04exper — 0.00expersq
(t) (0.4017) (1.2613) (3.1668) (—2.1749)
(se) (0.4933) (0.0391) (0.0142) (0.0004)

(fitness) R? = 0.0456;R? = 0.0388
F* =6.75; p = 0.0002
{2 & 31t E, RX Fstep by step”d9 i AZ 1 H A9 ARBIR 2 2 T EAAEI(HT L)

mIE ) T kAL R E R R KB T AT A, ARY, XIHOHHL
AER: :ivreg() o

huhuaping@ # #04 5 = 74248 % (SEM) | 17 MAMFA L TEE S| 17.4 BB & =% % (2SLS)
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Y3 . ZX

AMFENEA TR ERAR:

k r
Yi=Bo+ ) BiXji+ > BrsWri +6
=1 s—1
H£H, (Xu,..., X)) £A % B EF (endogenous regressors); (Wi, ..., W) &
b4 B T ¥ (exogenous regressors)o m HAR & HAVLIXE] T mNMNITEE=F
(instrumental variables) (Zy;, ..., Zp;), ¢A1AR#H & T E 48 X P (instrument
relevance)f= L £ 9| £ P (instrument exogeneity) B X 51

o doX m =k, WAHEAETIAEIFIRA ) (exactly identified).
o kX m >k, WAEAETIFALEIRF A (over-identified).

e Whenm < k, W 5& A&+t 2 K &R A 69 (underidentified).
e WG, RA m > ki, £ T & RA 6 (identified)
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A 2SI A

B Y& & ) = F £ (2SLS):

e BIMB HAaTBHEEFWHID Xy, HMFHI, HAELZEETE (Zi,. .., Zms) AR
FAT SN 8 EE (Wi, ..., W) #ATOLSHEH, A2 N4 A %A L Xy 3
A MAEQERHE LIS K, REITE (X1 » Xk)

’%ﬂﬁkﬁﬂﬁﬁﬁﬁﬁi\ﬁﬁ@%ﬁ%(Xmmg&O\%&ﬁﬁ%igﬁ%
(Whi, .., W) S5 #ATOLSE 7, A A S5 HE (B 181 o Besr)

T @& LA T, BAVIEE B — ok ey . AR A2SLSAE T A K, AT F)
2SLS/{$'£+£$%O ’&JEP:

o XTAEITAE AATAE £ RHAITEASEAILE

o — XM NOLSET T, BEFIREFTEER,

o HAXEFAE AIRDFARE: :ivreg() RIIT EARD Ao
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BH AN (BBIRE)

ITHEB P, KA1 E LAUEH mothereduclFE AN A B T F educt TEL T =,

educ — ¥, + Y exper + ysexpersq + y,motheduc (stage 1)
lwage = Bl + Bzau\c + B:;e:cper + B4expersq + € (stage 2)
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BEH AN (EFET)

KIS® Jatk F(motheduclf AL L L F)

eq vars Estimate Std. Error t value Pr(>|t|)
eql (Intercept) 9.7751 0.4239 23.0605 0.0000
eql exper 0.0489 0.0417 1.1726 0.2416
eql expersq -0.0013 0.0012 -1.0290 0.3040
eql motheduc 0.2677 0.0311 8.5992 0.0000
eq2 (Intercept) 0.1982 0.4729 0.4191 0.6754
eq2 educ 0.0493 0.0374 1.3159 0.1889
eq2 exper 0.0449 0.0136 3.3039 0.0010
eq2 expersq -0.0009 0.0004 -2.2690 0.0238

- X EHATAE B R ZFeduch ARt RERZEEN (4% 'a=0.05") o

W : RBAZMA R RGN E MK, REZRMEF KA systemfit: isystemfit() K& 895 TR

huhuaping@ # 304 3% = 7 A24: A (SEM) |

17 RABEAEE T AT Sk

17.4 AU & =% (2SLS)
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huhuaping@ # 304 3% = 7 A24: A (SEM) |

REAHFAHBAANDLT UL IA2SLSH M. HFZ—Hsystemfit@, HAke
systemfit::systemfit(). AT ARNKA:

# load pkg
require(systemfit)

# set two models

eq_1l <- educ ~ exper + expersq + motheduc
eq_2 <- lwage ~ educ + exper + expersq

sys <- list(eql = eq_1, eg2 = eq_2)

# specify the instruments
instr <- ~ exper + expersq + motheduc

# i1t models

fit.sys <- systemfit(
sys, inst=instr,
method="2SLS", data = mroz)

# summary of model fit
smry.system_m <- summary(fit.sys)

17 AAEMFIA S T AT 2k |

systemfit::systemfit() 4JRAK 2% (m)

17.4 AU & =% (2SLS)

R

L

A
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systemfit::systemfit() 49RIR £ (m)

VATF A systemfit: :systemfit()2SLSHy 54744 :

smry.system_m

systemfit results
method: 2SLS

N DF SSR detRCov OLS-R2 McElroy-R2
system 856 848 2085.49 1.96552 0.150003 0.112323

N DF SSR MSE RMSE R2 Adj R2
eql 428 424 1889.658 4.456742 2.111100 0.152694 0.146699
eq2 428 424 195.829 0.461861 0.679604 0.123130 0.116926

The covariance matrix of the residuals
eql eq2

eql 4.456742 0.304759

eq2 0.304759 0.461861

The correlations of the residuals
BLEA: systemfit::systemfit() BlEf4R5 T2SLSHF A ALy A4 R |
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ARE: :ivreg() &3RAK 45 (m)

REAFF A — AL HEARE: tivreg() A T AL I2SLSH; . VAT A48 & a9RAX
L B HT IR

# load pkg

require (AER)

# specify model

mod_iv_m <- formula(lwage ~ educ + exper + expersq

| motheduc + exper + expersq)

# fit model
lm_iv_m <- divreg(formula = mod_iv_m, data = mroz)

# summary of model fit
smry.ivm <- summary(lm_iv_m)
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ARE: :ivreg() JRIR 2= (m)

B 4T LR ARE: :ivreg() 7 ik a9RAXAG 3k, £ 348 & 69RO ATIR

smry.ivm
Call:
ivreg(formula = mod_iv_m, data = mroz)
Residuals:
Min 1Q Median 3Q Max

-3.10804 -0.32633 0.06024 0.36772 2.34351

Coefficients:
Estimate Std. Error t value Pr(>|t]|)
(Intercept) ©.1981861 0.4728772 0.419 0.67535

educ 0.0492630 0.0374360 1.316 0.18891
exper 0.0448558 0.0135768 3.304 0.00103 *x*
expersq -0.0009221 0.0004064 -2.269 0.02377 *

Signif. codes:
O "xxx!' 0.001 'xx' 0.01 'x' 0.605 '.' 0.1 " ' 1
B ARE::ivreg() RIRET2SLSHIRE —/NFAELR, mEAMREL —ANTAZO;ATLER!
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BH AN (BBIRE)

XY, &AHF EAER fatheduc EANAE A X = educh TEA T =

{ educ — Y1 + Yoexper + ysexpersq + v, fatheduc (stage 1)
lwage = 81 + Bzau\c + B3ea:per + B4e:cpersq + € (stage 2)

B A, &AME A R A3 4T2SLSHE S
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ERF AN (Fited)

WIS® sk F(fatheducFH LA F)

eq vars Estimate Std. Error t value Pr(>|t|)
eql (Intercept) 9.8870 0.3956 24.9920 0.0000
eql exper 0.0468 0.0411 1.1391 0.2553
eql expersq -0.0012 0.0012 -0.9364 0.3496
eql fatheduc 0.2705 0.0289 9.3670 0.0000
eq2 (Intercept) -0.0611 0.4364 -0.1400 0.8887
eq2 educ 0.0702 0.0344 2.0389 0.0421
eq2 exper 0.0437 0.0134 3.2590 0.0012
eq2 expersq -0.0009 0.0004 -2.2003 0.0283

> X BHRATVT A B L Zeduch ARt RERZZFN (B2 a=0.05") o

W : RBAZMA R RGN E MK, REZRMEF KA systemfit: isystemfit() K& 895 TR

huhuaping@ # 304 3% = 7 A24: A (SEM) |

17 RABEAEE T AT Sk

17.4 AU & =% (2SLS)
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systemfit::systemfit() &R 25 (h)

REAF P A WAL AR I2SLSH#T. HFZ—Hsystemfit@, BARLS
systemfit::systemfit(). AT ARNKA:

# load pkg
require(systemfit)

# set two models

eq_1l <- educ ~ exper + expersq + fatheduc
eq_2 <- lwage ~ educ + exper + expersq

sys <- list(eql = eq_1, eg2 = eq_2)

# specify the instruments
instr <- ~ exper + expersq + fatheduc

# i1t models

fit.sys <- systemfit(
sys, inst=instr,
method="2SLS", data = mroz)

# summary of model fit
smry.system_f <- summary(fit.sys)
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systemfit::systemfit() &JRIR % (§)

VATF A systemfit: :systemfit()2SLSHy 54744 :

smry.system_f

systemfit results
method: 2SLS

N DF SSR detRCov OLS-R2 McElroy-R2
system 856 848 2030.11 1.91943 0.172575 0.134508

N DF SSR MSE RMSE R2 Adj R2
eql 428 424 1838.719 4.336602 2.082451 0.175535 0.169701
eq2 428 424 191.387 0.451384 0.671851 0.143022 0.136959

The covariance matrix of the residuals
eql eq2

eql 4.336602 0.195036

eq2 0.195036 0.451384

The correlations of the residuals
BLEA: systemfit::systemfit() BlEf4R5 T2SLSHF A ALy A4 R |
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E::ivreg() MIRAES(6)

REAFF A — AL HEARE: tivreg() A T AL I2SLSH; . VAT A48 & a9RAX
L B HT IR

# load pkg

require (AER)

# specify model

mod_iv_f <- formula(lwage ~ educ + exper + expersq

| fatheduc + exper + expersq)

# fit model
Ilm_iv_f <- dvreg(formula = mod_iv_f, data = mroz)

# summary of model fit
smry.ivf <- summary(lm_iv_f)

112 /164

huhuaping@ # #04 5 = 74248 % (SEM) | 17 MAMFA L TEE S| 17.4 BB & =% % (2SLS)



ARE: :ivreg() #JRIR & (§)

B 4T LR ARE: :ivreg() 7 ik a9RAXAG 3k, £ 348 & 69RO ATIR

smry.ivf
Call:
ivreg(formula = mod_iv_f, data = mroz)
Residuals:
Min 1Q Median 3Q Max

-3.09170 -0.32776 0.05006 0.37365 2.35346

Coefficients:
Estimate Std. Error t value Pr(>|t]|)
(Intercept) -0.0611169 0.4364461 -0.140 0.88870

educ 0.0702263 0.0344427 2.039 0.04208 ~*
exper 0.0436716 0.0134001 3.259 0.00121 *x
expersq -0.0008822 0.0004009 -2.200 0.02832 %

Signif. codes:
O "xxx!' 0.001 'xx' 0.01 'x' 0.605 '.' 0.1 " ' 1
B ARE::ivreg() RIRET2SLSHIRE —/NFAELR, mEAAMREL —ANTAZO;ATLER!

huhuaping@ # 304 3% = 7 A24: A (SEM) | 17TARERRERAE T AT | 17.4 A& & =& (2SLS) 113/ 164



FEHE AN (BARBRL)

B, KRAVEFR LA AR g B motheducks fatheducE A N A B T E educhy
I ET=,

educ — Y1 + Y exper + B sexrpersq + B ysmotheduc + B - fatheduc (stage 1)
lwage = Bl + Bzgiu\c + B3eccper + B4ea:persq + € (stage 2)
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et FHE AN (it d)

KIS ®) Y3tk F(motheducte fatheducF H LA £ §)

eq vars Estimate Std. Error t value Pr(>|t|)
eql (Intercept) 9.1026 0.4266 21.3396 0.0000
eql exper 0.0452 0.0403 1.1236 0.2618
eql expersq -0.0010 0.0012 -0.8386 0.4022
eql motheduc 0.1576 0.0359 4.3906 0.0000
eql fatheduc 0.1895 0.0338 5.6152 0.0000
eq2 (Intercept) 0.0481 0.4003 0.1202 0.9044
eq2 educ 0.0614 0.0314 1.9530 0.0515

eq2 exper 0.0442 0.0134 3.2883 0.0011

eq2 expersq -0.0009 0.0004 -2.2380 0.0257

TE B ANTTAE 5| & Feduch A M ABBERRELEL (pAEITFO01) .
W : RBAZMA R RGN E MK, REZRMEF KA systemfit: isystemfit() K& 895 TR
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systemfit::systemfit() #IRIK D (nf)

REAHFAHBAANDLT UL IA2SLSH M. HFZ—Hsystemfit@, HAke
systemfit::systemfit(). AT ARNKA:

# load pkg
require(systemfit)

# set two models

eq_1l <- educ ~ exper + expersq + motheduc + fatheduc
eq_2 <- lwage ~ educ + exper + expersq

sys <- list(eql = eq_1, eg2 = eq_2)

# specify the instruments
instr <- ~ exper + expersq + motheduc + fatheduc

# i1t models

fit.sys <- systemfit(
sys, inst=instr,
method="2SLS", data = mroz)

# summary of model fit
smry.system_mf <- summary(fit.sys)
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systemfit::systemfit() %Rﬁ%(mﬁ)

VATF A systemfit: :systemfit()2SLSHy 54744 :

smry.system_mf

systemfit results
method: 2SLS

N DF SSR detRCov OLS-R2 McElroy-R2
system 856 847 1951.6 1.83425 0.204575 0.149485

N DF SSR MSE RMSE R2 Adj R2
eql 428 423 1758.58 4.157388 2.038967 0.211471 0.204014
eq2 428 424 193.02 0.455236 0.674712 0.135708 0.129593

The covariance matrix of the residuals
eql eq2

eql 4.157388 0.241536

eq2 0.241536 0.455236

The correlations of the residuals
BLEA: systemfit::systemfit() BlEf4R5 T2SLSHF A ALy A4 R |

huhuaping@ #3204 5% = 742424 (SEM) | 17 ALEMP AL AT Sk | 17.4 MM B b =& (2SLS)
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E::ivreg() #IRAAL(mf)

REAFF A — AL HEARE: tivreg() A T AL I2SLSH; . VAT A48 & a9RAX
L B HT IR

# load pkg

require (AER)

# specify model

mod_iv_mf <- formula(lwage ~ educ + exper + expersq
| motheduc + fatheduc + exper + expersq)

# fit model
Ilm_iv_mf <- dvreg(formula = mod_1iv_mf, data = mroz)

# summary of model fit
smry.ivmf <- summary(lm_iv_mf)
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ARE: :ivreg() #JRIR 4 (mf)

B 4T LR ARE: :ivreg() 7 ik a9RAXAG 3k, £ 348 & 69RO ATIR

smry.ivmf

Call:
ivreg(formula = mod_iv_mf, data = mroz)
Residuals:

Min 1Q Median 3Q Max

-3.0986 -0.3196 0.0551 0.3689 2.3493

Coefficients:
Estimate Std. Error t value Pr(>|t]|)
(Intercept) 0.0481003 0.4003281 0.120 0.90442

educ 0.0613966 0.0314367 1.953 0.05147 .
exper 0.0441704 0.0134325 3.288 0.00109 *x
expersq -0.0008990 0.0004017 -2.238 0.02574 %

Signif. codes:
O "xxx!' 0.001 'xx' 0.01 'x' 0.605 '.' 0.1 " ' 1
B ARE::ivreg() RIRET2SLSHIRE —/NFAELR, mEAAMREL —ANTAZO;ATLER!
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) o i 4 T

KM EAT @GR PHILE—T. BarAHik, EMFEREFLET EESHA
%Ei’l%ﬂ’, e é@'%ﬁ'ﬁ/%&ﬂ%i‘l’muﬁi%ﬁm BE

a. AN ZIXER (FARLE AT ERA) H/T0LSHEH S

b. — 7 — W89, “FHa92SLSfEHRAE (L B motheducE AL ET &) , &
B X ASATH EZ WM H EZHIE,

c. —RMEEY, “%I]%”ZSLS%?JMUFL %J\WT 7 EWM T EHE, X AL G
R#AF 2 89F B R ELARE: :ivreg () ZEAT EARAT & X0 7+ EAREAVE+H T34
F Al .

o 1X1% Bl motheductf h LA T &
o 1X1% Bl fatheductf A LE T =%
o [ 1% Fl motheduc #= fatheduc ff A T AT &

AT Eahi, KA LR EHERETET —R4ITH Fo
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Iwage equation:

OLS, 2SLS, and IV models compared

It R (E A HN)

Dependent variable: lwage

OLS explicit 2SLSIV mothereduclV fathereduclV mothereduc and fathereduc
(1) (2) (3) (4) (3)
Constant -0.5200”"  0.2000 0.2000 -0.0610 0.0480
(0.2000)  (0.4900) (0.4700) (0.4400) (0.4000)
educ 0.1100"" 0.0490 0.0700" 0.0610°
(0.0140) (0.0370) (0.0340) (0.0310)
educHat 0.0490
(0.0390)
exper 0.04207" 0.0450 0.0450" 0.0440™" 0.0440™
(0.0130)  (0.0140) (0.0140) (0.0130) (0.0130)
expersq -0.0008” -0.0009™ -0.0009” -0.0009” -0.0009”
(0.0004)  (0.0004) (0.0004) (0.0004) (0.0004)
Observations 428 428 428 428 428
R? 0.1600  0.0460 0.1200 0.1400 0.1400
Adjusted R? 0.1500  0.0390 0.1200 0.1400 0.1300
Residual Std. Error (df = 424) 0.6700  0.7100 0.6800 0.6700 0.6700
F Statistic (df = 3; 424) 26.00007 6.8000"

huhuaping@ #3204 5% = 5 4242 A (SEM) |

17 AAEMFIA S T AT 2k |

17.4 ®mM B & =F % (2SLS)
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8 it ek Z Ao (A B K)

Dependent variable: lwage

OLS explicit IV IV IV mothereduc and
2SLS mothereduc fathereduc fathereduc
(1) (2) 3) 4) (5)

Constant -0.5220°""  0.1982 0.1982 -0.0611 0.0481

(0.1986)  (0.4933) (0.4729) (0.4364) (0.4003)
educ 0.1075" 0.0493 0.0702"" 0.0614"

(0.0141) (0.0374) (0.0344) (0.0314)
educHat 0.0493

(0.0391)

exper 0.04167" 0.0449""  0.0449""  0.0437""" 0.0442""

(0.0132)  (0.0142) (0.0136) (0.0134) (0.0134)
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5T 6911t et 35k

RAE PO L 2AZ SV 4

o 7] (1) ... (5) A KFAASAREAGEHLER, LF (1) 4 (2) ZARITTE
BraE, @ (3) « (4) . (5) WBATT FH EZHE,

e FHEEMNA, (B). 1) . (5) P8 educh (2) *8) educHatZHFME,

o W5 E R TS L AT T B9 RAAR &R £ (standard error of the estimator)s,
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5T 6911t et 35k

SARAETERILRGEEZE A

e A, AT, KFLRLIF 7@ ETEZHAESEAQB), D)F(5)FAatEE ],
FH A 790.049,0.07,0.061, ARAEEELEFEFEAEG). D). 5)mB A,

o HOR, AW, HIAAY2SLSHE A (2)F2{ 1% ] motheduc T BT & 6942 A (3) = £ 48

Bl 69 2 A& A, 2ARRRETR. 22 (2) JF492SLSaiRE1% £ 40.039, LA
(3) B4R AEE £0.037% K.

%=, H104& AlmotheducE A E—T AT &8, &£A (2) F2A (3) #9KFH 2K

IS TN 2 &,

%9, HAVX LT AL R AR MR — T 2SLS 9 Aa 45+ L £
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753 1 A ¢ § 4
A 3 (Instuument validity)



& 8 G T — AR a9 AR A

k r
Yi=Bo+ Y BiXji+ > BrssWri + u;
j=1 s=1

¢ Boye-yBir1 1+ Ek+r/HfEHEEEAK

o Xijy. . Xp, REMNAAEBET =

o« Wiiy... ., Wy rA-BAPIHIAETE, CNAE u, X
* U; A M ALT R

© Zliyeor L A MANTELTE,
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: X A 7 ik

I AT ¥R M (nstrument valid) &k & T AT 2 LM F 0% 2 T EAAXE
(Instrument Relevance)#= T B 7t & Pk (Instrument Exogeneity) ™ ™ 45 44 :

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 AAEMFIA S T AT 2k | 175 %% T AT Z6H &M% 127/ 164



P R A

REALFT, TRAMARLERE, LREECANLAT TR m ATALE
Z, REm>k, N—RTUEFE e THIIETERS:

(X1i7 oo ,in,Wli, . -7W7”i7 ].)

mE, YA IZ AR L&KM (perfectly multicollinear).

X
« Xy, X, R2SLSY % 1M BAFE 69 kAW 4 B F 2 OLS i Sl A A
o | REFH® BT, FFHRERDEFEA, B F A F R )2 LI
#5F T 1o
R, RASELEAE Y LM, BMNTETUARR KR AT RIFmbb 1A
75 o

FR L, KAMAEEET £E &6 LB N “E5 T M (weak instruments)#9 =] # ,

N
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I A% F(FAa)

BIATE: mXSMAEWITETERRBEANLE T T FOR SRy, A
A FBANVHAR XA T E T ¥4 55 T A K = (weak instruments).,
Jﬁi\i{b, ?I—_:‘,I COI‘I‘(Zi,Xi) '}%Kﬁ,ﬂ:oﬂj_, ZZW)Jiﬁ:’ﬁ;}?Eﬁl?E]: Sﬂi%o

e FIERIEEEFWHENHY, = Bo + B1X; + €

o S BEIVIEIHEN B iv = g 1((22'1-_—22))(()12:?)

Note that = > (Z; — Z) (Y; - Y) 4 Cov(Z;,Y;)
and 1Y (2 — 2) (Xi — X) = Cov(Zi, Xi).

e Hit, R Cov(Z;, X;) =~ 0, IR AIVAE /L B\iv SRS - R
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A% (% #)

TaEeEB T, RMFERME (smoking) *H A IJLKRE (birth weight) #9%/
e, MR e T

log(bwght) = Bo + Bipacks + €;

K+ packs B15I5E XA &K, RMNAEZHAAZINTEZAALAETE (A
22 . 5ok, B2 EAER A R-FMN4& cigprice’E A N4 B £ = packshy—
MNLTET =, FRIZCEHEMAMTIA e 48X,
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L A% F(E4)

IR, 253530 & 2K packs3T A IR -F )M AS cigprice 1 BLOLS & 2 547, 4 A1
AAERAE_FFEAMIXXF

pﬁs=0.067—|—0.0003 cigprice
(0.103)(0.0008)

BAZXMFINT, o RERMNKEALR cigpricelF A TET 2, FI#ITH20Z40LS
=3, KAMEFE:

log (b@t) —4.45+2.99packs
(0.91)(8.70)

BR, FRE2ZNBENEREERAIFLW, BB TAXA WA E X0
e BA cigprice x AABITEEZ, EFINTERNNETHRCEREHFAT,
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$HLAET(R%)

W R FEERNNRLP T AT, IPARNA AAFE R
o LENFBIALTE, BAFHFTREIELLTE:
BRFTE R R AT, wRBEEFARMRTIRANT, FRBILTSHAF, &
BAEIE AT, BREZETREEMLF R, £ ETREERMNEFLTEAN
R,
e PR RNBIET S, 12-24F F st a92SLS 7 ik,

XAt ke iE, Ao RAZ &R K AL AR 4% 1 (limited information maximum
likelihood estimation, LIML),

huhuaping@ 4% 04 ¥ % 54248 (SEM) | 17 AAEFAE S TAL % & | 17.5 4% LB % 69 A 2k
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): AL B X TN

THARMEZERF— N NHEETEWE N, R AISLSETOF1IHEE )3+
A LETeWAMKEAFLERNEE EXL Hy:ap=a2=---=0) WizLTHE
T2 R ARNALTEARERENZ L,

FATVTT VAAE B VATF 250 05 N
o BET2SLSHE TG FE 1IN B E Y2
Xi=ap+a1Zii+ ...+ &mZmi + 6 (3)
e Bl HFATE, Mo FTHRABIXITEE: Hy:d1=...= by, = 00

o R HFINWHEAL TE F e bEALST R/ ), NARfRIEL Hy, X BT ET
T A ILIAT S,

X—ZENMNARFTRESHFER. A m() HRETHINMEAR)E, ReEd
car::linearHypothesis () H# T H/F B %t = F*,

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 RABEAEE T AT Sk 17545 T AT F694 5t
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test): 5NN AE G X T4

AR, mRXBRAPTHEAEZANEALTE, MAENFREALTHFSRTET .
B ARANVA R LT AN FIAN N E 8 E 'R AT Fiele,

B, —ANTAT948 8 75 5 & Cragg-Donald test, X —A& 30 FHR 1 T+ H 4= T 89
Yt =

AP

L 1—1r%

e AP GRIINAEBAZTENANE;, BRALEATEWA ALK, LAIAT SN
#; rp AW Jcanonical#B %k & % (lowest canonical correlation)

canonical# @ X A AN AL T Efsr AT s N A XM E S, TRBEIREZH cancor () kT HFF ., @Kk MNald— I+

7] !
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B (Ftest): 45 A 1L E

STTAT @I HEF TN TET =, KT ARKARIECAN 69 TEAR KB

educ = vy + yexper + y2expersq + imotheduc + v (relevance test 1)
educ = 1 + yexper + yrexpersq + 02 fatheduc + v (relevance test 2)
educ = vy1 + y2exper + y2expersq + Oimotheduc + 02 fatheduc + v (relevance test 3)
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E T (Ftest): 1o 2k 2

educ = vy; + yrexper + yrexpersq + 0ymotheduc + v

library('"car'")
linearHypothesis(ols_relevancel, c("motheduc=0"))

Linear hypothesis test

Hypothesis:
motheduc = 0

Model 1: restricted model
Model 2: educ ~ exper + expersq + motheduc

Res.Df RSS Df Sum of Sq F Pr(>F)
1 425 2219.2
2 424 1889.7 1 329.56 73.946 < 2.2e-16 *x*x%
Signif. codes:
O "xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

o XY RF#A I (Restriced F test)d 2B XA : Hy: 6, =0,
o ULZREXNHAGTZ F 3t g a9 Epla ) T0.01, 2 2FIEL Hy, AALTEEF motheducith = TEABX M54,
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huhuaping@ # 304 3% = 7 A24: A (SEM) | 17 AAEMFIA S T AT 2k |

Bt (Ftest): 4o 1o ¢ B

FEREENA: LY RFEE(Restriced F test) 2 B T L #F# % (classical F test)f9,
AV AR # o —

X % 2 HFAE (classical F test)E X

educ = + 9.78 + 0.05exper — 0.00expersq + 0.27motheduc
(t) (23.0605)  (1.1726) (—1.0290) (8.5992)
(se) (O 4239) (0.0417) (0.0012) (0.0311)

(fitness) R? = 0.1527;R? = 0.1467
F* = 25.47; p = 0.0000

175 %% T AT w098 sk
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E T (Flest):tbto ek 22

educ = v; + yexper + ysexpersq + 01 fatheduc + v (relevance test 2)

linearHypothesis(ols_relevance2, c("fatheduc=0"))

Linear hypothesis test

Hypothesis:
fatheduc = 0

Model 1: restricted model
Model 2: educ ~ exper + expersq + fatheduc

Res.Df RSS Df Sum of Sq F Pr(>F)
1 425 2219.2
2 424 1838.7 1 380.5 87.741 < 2.2e-16 *x*x%

Signif. codes:
O "xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

o XY RF#A I (Restriced F test)d 2B XA : Hy: 6, =0,
o ANLEZREMHEALTE F 5P a9Epld ) T0.01, B EFIE% Hy, AN T EE ¥ fatheducih X TEAR KM 54,
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£ I (Ftest):to itk 13

educ = v1 + yexper + yrexpersq + 0ymotheduc + 0, fatheduc + v (relevance test 3)

linearHypothesis(ols_relevance3, c("motheduc=0", "fatheduc=0"))

Linear hypothesis test

Hypothesis:
motheduc = 0
fatheduc = 0

Model 1: restricted model
Model 2: educ ~ exper + expersq + motheduc + fatheduc

Res.Df RSS Df Sum of Sq F Pr(>F)

1 425 2219.2
2 423 1758.6 2 460.64 55.4 < 2.2e-16 **%

Signif. codes:
O "xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

ALEZREAHAG T F P a9 Rpli ) T0.01, 2 2FIE% Hy, LA LET 2 motheduck fatheducZ FALH 1/~
R T EAR R FAA.
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& 121 (Cvagqg-Donald test)
T &, RMFEMESA2NANE ] T=a9i2A, 2 1X1% FCragg-Donald test 77 &
RERAMNOIETERERABILEE.
Bt T iRR TR K ERE (622 NAEaTE)
hushrs = By + Bymitr + Bseduc + Bykidsl6 + Bsnwi feinc + e
fBE RATIN AR F 7

o« 2N A& A L E: educ and mitr
« 2/ MAE B L E: nwifeinc and kidslt6
o 2N TR E%¥: motheduc and fatheduc.

hushrs = K ¥ XL Kk TAEIFK(19755)

mitr = BEFR BT AT E 4o P AR K 49 45 SR AL

kidslt6 = K& T R EGERFEHDTOFWET (EME=Z)
nwi feinc = defR FTINE T F N
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& 215 (Craqgq-Donald test)

EAVVEAE B A 69 2 AE E mroz, AR LM Sm TEEE K(inlf = 1),

mrozl <- wooldridge::mroz %>%
filter(wage > 0, inlf == 1)
G<-2; L<-2; N<-nrow(mrozl)
x1l <= resid(lm(mtr ~ kidslt6é + nwifeinc, data = mrozl))
x2 <- resid(lm(educ ~ kidslt6 + nwifeinc, data = mrozl))
z1l <-resid(lm(motheduc ~ kidslt6 + nwifeinc, data = mrozl))
z2 <-resid(lm(fatheduc ~ kidslt6é + nwifeinc, data = mrozl))
X <= cbind(x1,x2)
Y <- cbind(zl,z2)
rB <- min(cancor (X, Y)$cor)
CraggbDonaldF <- ((N-G-L)/L)/((1-rB72)/rB"2)

24T ERRAKAL, 4R 2 Cragg-Donald4it = F* =0.1008 , Ci&/ ) TR
k184,58, By, ZMAEIEL H), IAAH T EEE motheduckr fatheducH
N IREEE,

(11323t & 2 AET A4 (82 %% B2) Hill, Griffiths and Lim(2011)#9 % 10E.1
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PE: 249 B

I BT ¥ 94 P (Instrument Exogeneity) &%k & 1A mA L AT 2405 MALTI
INANAB K

Cov(Zy;,€;) =0; ...; Cov(Zpi,€) =0.
e ERAAVHKIATEHHT, ZMNEANIET ARG ERILT L EAHEALR,
(A4 2A?)
e AR, WmRBMNAAKMNEEZNE LS ITAET 2, RAKRNT UF MK AL K F—
BTATFH5EMTHLALX.

e, Ta&f1HEE 2t BEIRA (over-identification) #9714 B & = 9] AL

Al
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3 IR BT

HMe 24, TEIRH (over-identification) '% %'F (m > k), &AM AL
ZIXMAERE W LT ET 2 RHTIVESMSET. BK, it L&A

R T AT EAANEN, AERFTETE, IAFE 0 EAHER ZAIL,
Yo R A& HEAEE RA, ﬂ'l”%ﬁihﬁﬁﬁlﬂﬁlﬁé’ﬁfﬁ%/?mﬁié@o

HATTF @28 69 L B IR A 89 % 29 R A& B (overidentifying restrictions test) ——J
test, EAKXTX—1 %A,

o Jtest RIB XA L AT = RIAMER:

Hy: E(Zye;) =0, foralh=1,2,...,m

143 /164
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o5 42
SR
it B IR A 29 R (overidentifying restrictions test), X AXARA J-testirin, R H
Sargan testi2 1o, X APAIR A BRI AN TE TS AR EH.
LERAYHRAER 69 £ ZIRALL
o Step 1: 1+ HIVE Y3 5% £ (IV regression residuals) :

k T
A ~IV Ni% IV
G{V:Yi_ (ﬁo +Z’Bj in+Z,Bk+3Wsi)
J=1 s=1
o Step 2: ZHHFYIE )2, LIFIVERZEN T AT fitAa 0T fTOLS

B3 E . ARG A IZH B & 2 3T e T A IR AR IR
Hy:00=0,...,0,, =0

EIV = + Z CVhth Z am—l—SWsz + U; (2)
s=1
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: o testie 10 IR AE

o Step3: ARIE LA ZTHRBKAFERE T HFE W TIRTE: J=mF*

Hb F* 2 mAT AR AP UFAITSE. RAREHH
= Oy

Hy: a1 = 0 in eq(2)

E RBIX Hy T, LatHEF8IRTE4T=2EKFELAFLTIRAT T2
9
x’(m —k)o

J ~ x*(m — k)

e R JNTFFFTHHERERM, WIELERAREE, TAIELH, SkEHMALTALE

FARAR I AP,

o R JRKFFTHAohEibdRE, NIKBITFH, B4 Hy, % H, THREMAE
YHEINTET SRR A KA,

T@Eeg =B, KAVFFAE AR #4984 linearHypothesis () 34T J-test 4 3a

huhuaping@ # 304 3% = 7 A24: A (SEM) | 17 AAEMFIA S T AT 2k |
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A f R BIAE )

BT TR EW), X EXA1FJER AL F motheducH fatheducE AR E AT

¥ educt LE T &,

5w AP, TFROIVAER RS ERAG, B A1R FJ-test k423 54~ T
AT ZRANE A LR,

2SLSEAR | KA1 E A

educ — Y1 + Y exper + B sexpersq + B ysmotheduc + B - fatheduc (stage 1)
lwage = Bl + B2e/du\c -+ B3e:cper + B4echersq + € (stage 2)
AR AFEEY R YI, RATAR R KT A

eV = &; + doexper + &sexpersq + dyumotheduc + G fatheduc + v (auxiliary model)
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A ¢ FTHETHRE)

mroz_resid <- mroz %>%
mutate(resid_iv_mf = residuals(lm_iv_mf)) # obtain residual of IV regression

id  lwage educ exper expersq fatheduc motheduc resid iv_mf
1 1.21 12 14 196 7 12 -0.0169
2 0.33 12 5 25 7 7 -0.6547
3 1.51 12 15 225 7 12 0.2690
4 0.09 12 6 36 7 7 -0.9254
5 1.52 14 7 49 14 12 0.3515
6 1.56 12 33 1089 7 14 0.2930

Showing 1 to 6 of 428 entries Previous 1 2 3 4 5 72 Next

K2R TTAFTRITISLSH B 1IN A5, KAFIVE B £ 74088 & 69 338
T, AmiFalanefidEs,
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: d test (ﬁff‘j‘%@ﬁ@y?)

, BAVETAT B IXC0BEE, FFH e TER (FRXEXE NG
7I‘i ié’ﬂ}.ﬁ )

mod_jtest <- formula(resid_iv_mf ~ exper +expersq +motheduc +fatheduc)
Ilm_jtest <- lm(formula = mod_jtest, data = mroz_resid)
summary (lm_jtest)

Call:
lm(formula = mod_jtest, data = mroz_resid)

Residuals:
Min 1Q Median 3Q Max
-3.1012 -0.3124 0.0478 0.3602 2.3441

Coefficients:
Estimate Std. Error t value Pr(>|t])
(Intercept) 1.096e-02 1.413e-01 0.078 0.938

exper -1.833e-05 1.333e-02 -0.001 0.999
expersq 7.341le-07 3.985e-04 0.002 0.999
motheduc -6.607e-03 1.189e-02 -0.556 0.579
fatheduc 5.782e-03 1.118e-02 0.517 0.605
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st (249t l)

FIrE, REGTHRERNTHBD BT T Y RBEAFEE, FFIF4
=44 F* = 0.19

restricted_ftest <- linearHypothesis(lm_jtest, c("motheduc = 0", "fatheduc = 0"),
restricted_ftest

Linear hypothesis test

Hypothesis:
motheduc =

0]
fatheduc 0]

Model 1: restricted model
Model 2: resid_iv_mf ~ exper + expersq + motheduc + fatheduc

Res.Df RSS Df Sum of Sq F Pr(>F)
1 425 193.02
2 423 192.85 2 0.1705 0.187 0.8295

HEZE B RAE P A c("motheduc = 0", "fatheduc = 0"); BN ZZEXAHRFERETLR TLHEFEE
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Jtest (it 2% &)

RFBXHRKREAFREBT HHE S FH7RitE, FRAERE®R,

(jtest <- linearHypothesis(lm_jtest, c("motheduc = 0", "fatheduc = 0"), test = "Ch

Linear hypothesis test

Hypothesis:
motheduc = 0
fatheduc = 0

Model 1: restricted model
Model 2: resid_iv_mf ~ exper + expersq + motheduc + fatheduc

Res.Df RSS Df Sum of Sq Chisqg Pr(>Chisq)
1 425 193.02
2 423 192.85 2 0.1705 0.374 0.8294

RGFENF A AT BMAN 2 =037, FEEENAR, R¥MA T linearHypothesis () IREWME plAR REHE, BAFH
ot 269 B WMEAIREIZE R T2, mARBERAN G AKX, FIRAHENEZLE (m—k) =1, FTVA, TF &3 8 b BT,
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& A R¥ A linearHypothesis () AT HZ A HE R mo AL, HMEZXL
AR TR EEN m—k:
# compute correct p-value for J-statistic

pchi<- pchisq(jtest[2, 5], df = 1, lower.tail = FALSE)
pchii

[1] 0.5408401
REA T, HATAABEE A pchisq() H#, HHFFRITE x¥ = 0373 mayseE
pla, FRHBRARRRA AR, (HR, RATLIT LR E R 7 5 693298 & R A B
TR A I FI T )

Kt BB A EEAE p = 0.5408, H0.1EE K. Hi, HAREIELBIE
%, MRimIKABTH L AT 2 motheduck fatheducHR & 5H 4 PLEY!

huhuaping@ #3304 B¢ = 7 A24 A (SEM) | 17 RABEAEE T AT Sk 17545 T AT F694 5t
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Moot 8 X 743
) . 14 (vequesson endogeneity )



‘H:- ‘ Vgﬁﬁt@‘%

HTOLSHEFIIVA X AX(IE—T, wXSH-5 RAEARMBIZmZ, WOLS

&1+ A BLUE)s
REHAANE, W ERMNARBEFI —HREFER, KMNEFRLEFTRE 2R
IV7 ik,

LK wRERNALEEFI—FHEFETE, AL T ERAER, KL
TERENAEAATEATNEAMNLINERE, LB

Hy: Cov(X,e) =0vs. H; : Cov(X,€) #0

huhuaping@ 4% 3204 % = 742458 (SEM) | 17 AR S TAE &k | 17.6 2% 8 % B 6919 41 153/ 164



‘H:- : Vgﬁﬁ,@ﬂk

Hausman test5 &% 5 &A1 : 4o F 0B8R BX Hy, HATAE1EAE HOSL7 ik
AR A 3 e R T F AR JRABL Hy, P A RIVET 53] A8 — 3 M
fEit =,

T & 4 69 2 Hausman testi2 3669 £ K % 48 fai¥ 45 .

e R AT E X HER SAME, NAXRAMRKRRAOLST ikAk AIVE &, ME 5%
&R B IZA— 0,

e WX AT E® X HEHAL AEMNE, MRAXKMNKRAOLS T FA K AIIVE ik, MHEaI5%
&R ZAET—FF0,
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" Rousmante> >

Hausman testi 3209 % 42, LA IWROLS T &IV H T AR LAz B e £ F
M,

o do RAMAEIT H R EFAM, KRAT AEMOLSHAIVAE — 249, LEPERF g T
A AIN A . RATT A AL AOLS 7 ik,

o R AL FTEWEFRK, EREOLSFHIVEITER L —209, EXMFIFLT,
BATRAGENE TR, IRARMNEZERIViE,

huhuaping@ #3204 5% = 5 4242 A (SEM) | 17 RABEAEE T AT Sk 17.6 %2 A T2 4y A A% 155/ 164



P : Rausmantes 1o

T & % 4 69 2 Hausman test?y ELARAS 107 X,

A

H=n {BIV — BOLS} | [Var (BIV — BOLS)] - [IBIV — :éOLS} i Xz(k)

/

o R H A% S HitF7®EibE &4 ), U Hausman test’~ 7%, A2 ZIEL H,
, MmIAAT A BT E R ZA AL RNER,
e WwRMHAGITE Hit k72t %44 &, I Hausman test2 7 569, BFIE4 H,,

¥ H, AIAAZS AR B L ERRERN,
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(T AZ T HABIRT)

FrorAE ) TR ERI BT RV L B 148 B motheduc #= fatheduc 154 1
A 80T % educt TET ¥, JFHE T a92SLSR A% 2 -

{ educ — Y1 + Y exper + B sexrpersq + B ysmotheduc + B - fatheduc (stage 1)
lwage = Bl + Bzau\c + B:;e:cper + B4ewpersq + € (stage 2)

AR, KAV LAE RITIVAR R 5 T E K 3t /T Hausman testo 2 F R FE &2 5
¥ summary (Im_iv_mf, diagnostics = TRUE) ¥ &35 %k diagnostics = TRUE ,

KAV 88 1F 2| Hausman test2E 18 .
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usman test (127 547 )

# show model as before
mod_iv_mf

lwage ~ educ + exper + expersq | motheduc + fatheduc + exper +
expersq

# IV test for 'ivreg' object
summary (lm_iv_mf, diagnostics = TRUE)

Call:
"+ (Wu-)Hausman test/] T 1 2 A8 J6% BHL, % 8 5§ Educk M4
B8y,

o Weak instruments testf] T LA T 4%, ELRRIX, AAEVAINL
AT A BT AT E,

o Sargan overidentifying restrictions | T42 30 9F £ Pk, 45 X KA~ AL B 8RR
X, BRAEILATEHMAMTHAZT X ShEKRE) .
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o —NITRAEZLINAAANSIK:
1. LR RATF AR (TRIEN) ;
2. M ENERBELTENRPERX (TEMXME)

KB LA XA E M T 8% R P,

o BABMAKZIARMIKT A TAETZEERINAEL, 2EME D T ARKC AP 64
— 2L RINAE,

e YT HTFH M, KAT At —FARME

o MM B ZN=F (2SLS) Fikaitaftsd sz
2SLS™T 48 FLOLS 77 ik & 4842,

TEALARERN.
TR, BRI TATETREN,

17 AAMR P AL T AT &% | 176 % AT ey AN
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l: Card. (1995)

In Card (1995) education 1s assumed to be endogenous due to omitted ability or

measurement error. The standard wage function

M
In(wage;) = By + Bi1Educ; + Z YmWmi + €;
m=1
is estimated by Two Stage Least Squares using a binary instrument, which takes
value 1 if there is an accredited 4-year public college in the neighborhood (in the
"local labour market"), 0 otherwise.
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The dataset is available online at http://davidcard.berkeley.edu/data sets.html and
consists of 3010 observations from the National Longitudinal Survey of Young Men.

o Education is measured by the years of completed schooling and varies we
between 2 and 18 years.
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and Kuuegen (1991)

The data 1s available online at

http://economics.mit.edu/faculty/angrist/datal/data/angkrul 991 and consists of
observations from 1980 Census documented in Census of Population and Housing,
1980: Public Use Microdata Samples.
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http://economics.mit.edu/faculty/angrist/data1/data/angkru1991

uist and Kuuegen (1991)

e They observe that individuals born earlier in the year (first two quarters) have less

schooling than those born later in the year.

It 1s a consequence of the compulsory schooling laws, as individuals born in the first
quarters of the year reach the minimum school leaving age at the lower grade and might

legally leave school with less education.

e The main criticism of Angrist and Krueger (1991) analysis, pointed out by Bound, Jaeger
and Baker (1995) is that the quarter of birth is a weak instrument.

e A second criticism of Angrist and Krueger (1991) results, discussed by Bound and Jaeger
(1996) is that quarter of birth might be correlated with unobserved ability and hence does

not satisfy the instrumental exogeneity condition.
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