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wWaidhi

‘LSl %7 Hfit

var(h | x) = 2 Hkt oM H A (plug - in)£5:

S

XX
N L 62
var(b | x) = ,
S

FRE% « se(b)=+Var(b|x) =6 /s,

BELILSf THar) 7 Z A TSRS R] (ARG

Waldts 55 7 V=g Ie gt it =% I ik — CRibmmE H
TNERSRELK K, Scorefih) o —fkMHL, HSH oML N,
HARUEZ Hse(0), WH, : 0 = O T Waldk 36 G5 15852 UM

W =80/se(0).

of T (a7 B (B A A Y SRR e H , - b = 0, Waldke 36 45 i1

b b

- Se(Z;) o




IEZSEAL N ) Gt fHE R

s, Ry, =a+bx, +¢,,¢,,....e, iid ~ N(0,57), 1

(1) +Js.(b—b)/c~N(0,])

(2) ("_22)& ~ 72, H6*5(a, bymor
O

O

tn -2

WEWT: (1) v, | x, ~ N(a +bx,,0%) = & Exh, b= 2.0 =9y, ~ N(b,o?/s.),

Z(‘xi _f)z
Frbh s (b—b) /o |~ NOSxTER, Frelig&t,/s, (b—b)/ o~ N(O,).

(2) 51 #, RSS=s, -5 /s, = Zn:(gi -£)° —(Zn:(xi —-X)(& —E)j /s,

i=1 S

XX

:igf —ng’ [Z[’“ x},} 2 el —(u'e)> —(v'e)’

A g BE1CQ) B AT 4B ;



Le=(g,..,&,) ~N(,0°1),%2=Ae~N(0,0°1), T L T \1f
u n n n
Hop g — AN ERHRE , A — A7 B u T, vT e |y o 52 moX 6o
[ I O S

N

Nz =u"e=nzg, z,=v'e= Z(xi —x)g, /Afs... BNz |?=]el (AIEZRE),
-1

1

JITLL RSS =|[g|* —(u'e)’ —(v'e)’ =l|z|* -z -z, =) 2
i=3

(n-2)6* /o> =RSS/c*=>z"/c" ~ y.,, H5z,z, L.

i=3

- —X)E. - ~
ﬁ‘ﬁb:b+z(x’ x)’:b+zz/ s .,a=y—-bx=a+bx+¢&—-bx

Z('xi _f)z
=a+z /x/;—zzf/\/gﬂl'—ﬁzl —u'g,z, =v'e HX, Frllé? H(a,b)yMar.
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vt 5 A 15 X 18]

SRl GUERH, b =0, Waldih R G B
Wald%\% A A ! H,
e t=b/se(b)=1[s b/6 ~ 1,

REIGHEN s £ 122, (ar/ 2) W FEL JRAR

Waldﬁ:’y‘ﬁﬁﬂ A HF A v
. A 6. t=4/s. b/o=n-2
P G




PR A AR AR -4 561 A [ U AR 0000 22 PR A 56 X R IR 155

T

.o 2
Visewrs V. ud ~ N(y,,0°) — Xy X, =1
‘- 2 —
y”l’".’y”ﬁ”z lldNN(/Jz,G) (_xn1+19°"9xn1+nz 0

25 W LHFEAR 3 IR T ARSx, = 0, 1, PIAEAS i) /15 plg Ze M A5 .

y.=a+bx,+e, (a=p,,b=u —u,), ¢ iid~ N(0,c°)
Hy:b=0& pu = p,
b

N

o /S

XX

5 WE R - b = OB G5t £ =

TR R fl‘f{l) :
n, +n, )s




Mg B B LS it

*ﬁ@(lé\/ﬁg): y=a-+ bx + &
£~ (0,0%),e5xM7

BUBREA): 3 —as b 4,
&~ (0’ 0-2)5 Si'ixizﬂj

24

fli it

(D b=cov(x,y)/var(x)=p, 0, /0,
(2) a=p,-bu,
3 o°=01- pfy )of

D) b=s,/s. . =r,s,/s,
(2) G=y-bx
(3) 6% = (l—rxi)si x(n—=1)/(n-2)

] A PR 2L : a + bx
R e=y—(a+bx)
s5x ST

WAl 5 =atby
hkFe =y, —(&+5xi)

(el,...,en)T 1 (xl,...,xn)T

R2=SSE] :SJA/}A} :]/‘2
SS .. S,

Iy
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f511. K.PearsonU£E | 1375XF B L B i £ (F AL -
ges), WA . A3 TEE A R

mheight dheight

1 59.7 551

2 582 56.5
3 60.6 56.0

P AL ] L 2 P AR
dheight = a+ b X mheigh + ¢

# R PREL Im, ~ FF5 LN N, AN AR
> myfit <- Im(dheight ~ mheight, data=Heights)
Coefficients:

(Intercept) mheight

29.9&74 0.541Z~

> plot(Heights) #1514
> abline(myfit) #IN3LA B H B 28

65 70

dheight

60

T
55 60 65 70

65 70

dheight

60

55

55 60 65 70

R RNARN : 45525 =180,
WUl )L S e B 2 (L) Ay
a +8056=73 <80



t value=Estimate =+ Std.Error

N = 45151 LI 251
# élil %yl:/lé\:
> summary(myfit)
LSilith  FrifEZE oI plE

Coefficients: l l (ﬁﬁﬂ%ﬂ‘ztb) l

Estimate Std. Error tvalue Pr(>|t])
(Intercept) 29.92 1.62 18.47 <2e-16 *** A
mheight 0.54 0.026 20.77 <2e-16 **¥* <«———— b=0.54,

se(h) = 0.026
o b _0s4
se(b) 0.026

Residual standard error: 2.266 on 1373 degrees of freedom plE <2e-16
Multiple R-squared: 0.2408, Adjusted R-squared: 0.2402
F-statistic: 435.5 on 1 and 1373 DF, p-value: < 2.2e-16

Signif. codes: 0 “***' 0.001 “** 0.01 ‘“**0.0570.1°"1

6 =2.266,
R> =0.2408( 5 2%, RHFK N Multiple R - squared



= Xy AR BT

BN EMI N FE S - R, UM S Sl iA Ry,
L R] AR By T B e (ZID%HU%% CNEDE,  JEEFRONIERED
N R, y AL S, B LedtiR /A& AR XS FR B H o

FlH:y = a + bx + &, Lho; Ty, F% 2= Cy-Bh77 )
=Yyi —a—bx;
WM e = S(y; —a — bx;)? = b = sy /Sxx

WimH: x = ¢+ dy + 6, Lhy; Tiiillx; iR 2 (x-B3l 7 17))
6; = x; — ¢ — dy;

WMl 267 = 2(x; — ¢ — dy)? = d = sy /5,y

= x%i&f)j@ = 1/d = Syy/Sxy

18] YA RN 36 5] U145 2045 b, b, T AL
Z;I;ﬁ =5,,/85.,20, I;/I;ﬁ =r*<1

FIt LA, b, 75 5 MR, {H |b|< by, |-

XK B AE [B] )5 5 38 [ )5 2 TH]




AR AR PR, FANTIFAREA A
BTN /5838 5 Hb— A AL B, T AR P ] )
KA, ATHARRBEEATHE, WA DS AR R

[ —
H A B iy W BRI R 2 € 5 AR s &I AT, "IN E
R MEHL i AERENLIY . FEAFFT B AR 5 5 e N AR & 1 5] )
KAM, WRFEZE L ER MM, AR IRE
Y Cerror-in-variable model), B A A GHRR [ETH

wilan, WERBAIAEHRAE I (Int) 5ERSHP) IR FR, AT
P=a+bXInt+¢
It AT SERNE,  1Q/ENInt Il &5 F 1% 2
IQ =Int+6

Sqaures least squares, R IEAC A, 2] i) 32 40 =] )5 5%
(Z WL - R REER)

SOE R 81U 45 7 A T P (LS 9, — R SR i Total
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IEAZ[E3/ i (x, 90,0 =1,.,n
E IEVETAN b RAHREEL = a by
DemmgIEIUEI A - minz dl?, Hbd N(x,y)3y =a+bxWHEEFEE

b = tan(0)
y (x,7) @ J d, = (y, - y)cos(0) - (x, - X)sin(6),
’ : Zdizxiﬁﬁ?@?%
| 2s 2b
' — Y —tan(260) =
y =a+bx P— (20) e
- L - G, =8, +\/(sxx —5,,)" +4s;,

2s

Xy

6 =arctan(b,, ) — TG IE A 43 A SRR A
2 2

AR, PR SR A
Syy

S xx VS

[ 7 1A
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241 18T 1) 3 B Reduced major - axis regression
[Bl5: SDZ: H#5: min}’s,,

S MR 1(x,, v,) 5 By = a + bx2 [ = fA T TR

(x;, ;)
O y=a+bx

by, = sE0(r) “w HZ& 7 A SD Line: y—y =sgn(r) Siy(x—)?)

XX Sxx

Yoy _ sgn(r){x_x]

Sy S

13



Bisector regression S [ Y AT ] )5 22 TR S £
(double regression)

o _bb, =111+ 5)
bisect bf\l +52
by, b, 5 31 (a1 UL RT3 [ U1 45 B P ) R B A

14



EIVEE

AT 75 5 fy BRI o (R [ VAR o A AL ] B R 1 A TR
y=a+bx+e,&~(0,6°), e5xar, M2

EIVENERE7 ou, = E(x),p, = E(y),ze = var(x) = Zxx,ayz =var(y)=x,, p= pxy,lj_llJ
X, =cov(x,y)=po.0,,
)y
W b=2=p2r a=u,~bu,
XX O-)C
3 0'2:(1—,02)0'5
@Uﬂﬁ%%y=a+bx=,uy+pi(x—yx)<:> y_'uyszx_—’ux
o, o, o,
2% . _
A I0SDER: y =, + 22— o, 2t Xl
o o,

y

ZHZ L, x1)ﬁ‘ap%tlj'u~~/l\$4iaxﬁﬂ“ , yimEH AL NN o
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o) (o}

x> u i, y=u +p y(x—/,tx)<yy+ Y (x—p1,)
o o
Lx < u 6,y =g+ p—=(x— g )> p, +—(x— )

HILLTF-SDZ y =y, + Z (v—pe,)s [BIUE LR AE T3 A 160 P00 U 38

X

ELAR AR -
X E R x> p, MR y IR Pl B 12500 A

o,

ZIES MO R): E(y|x) = M1, +p (x—,ux)

(o3

X

l rennd

Ee i AR B L, AEREE T
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fft: T E. A =7% (Instrumental Variable method)

TEEELEREEEEEAFRZS5 X EAMINELT, KEH
2 % 20y Tl i, K IE R (202135 WL/R Z 355 % ]. Agrist, G.Imbens,
D.Card)

TEET Y WRAHERA y = a + bx + & x RRBFFHE AL A

M sh AN T 1, FRxe /bR (exogenous) , IBLHYT
x Geinr . AR HEWT Ay 2 8] IR 5ROk R ) B 264 .

HhA

B, SHAPHERLRGIT, FEEAS B RIK A w2 7 I ) ] 0 K.
y=a+ bx+e¢

Hrhy NERRE, xAUHACKRIE GE®Bisie) , Snow BEARIE I x
A EARE (REHLIUE, B RS o
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MEEFT T, By = a+ bx + & PR G A G
BH), —WS5eAMSL, Frx N AER) (endogenous), U4
HEWTx Ay 2 [8] R B o 25 2

N AP

_______________________________________________________________________________________________________

VBN LR LS IR SRR RSB Ty Tl S AL
— (a+ bx)5xAtHK
%‘%éifﬂy—'ﬁxﬁﬁzﬂ‘ﬁﬁw{, B L
e=y—fx)5xr?

JLERAER)

_______________________________________________________________________________________________________



Hxre WA SR, A DA [RNFBR R3s§il e S, y #F Ok

AR THHAE, AWM . HELFFHEKH T LA E
% (Wright, 1928) , HICHAE T &G 24 1 B 28158 (natural
experiment), 2998, XL EIEE HHER.

-@ﬁﬁ?f*/l\ H A6 (natural experiment) =45 /M EAL &

z, Miz5 e 5L, (HExAFERMEEE KM MBS, RN
THAR.

THAER: Ry SxRAzR, X = f(2) &K,

(2 — THAR R i LA AT

(2) z5xtHR;

HEILEUIAFR R, TEARBEZAH ARIMERTE, (B
FESxH R 7o — o E .
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RNy =a+bx+¢e,6 ~(0,0°), FxAHI,
itz — N LEZE, e &M: 1) 250570 (2) z5xH%;

KINz5 ST = 0=cov(e,z) =cov(y—a—bx—¢,z) = cov(y,z) —bcov(x, z)
= b=cov(y,z)/cov(x,z) =% /X

IR TREAR(y,, x,,2,),i = 1,..., i3 BT (IVLS)

— 2z = 2)(yi = ¥) VER : TVLSAH bR T
o Syz 2z — Z)(x; — X) EM, |Z)—>b (¥in— x)

IVLS T R 22 it T2 (2SLS)

N A fi 2 — ~1 ) WAEERINEzH %,
1. Im(x~2) = EER = 5,5, 2 < il Gunt S

2. lmgy’*“)?) = LSfti1t BIV = SgeyS,E} =Syz/5xz
|

X

y=a+bx+ec=a+bx+ (bxt+¢) =
a+bx+& &=bxt+ 52K

20



#12. 20211% VURATF ARG E Agrist F 7T T HE R (x, ZXAENK, H)

e S5IN (y) FERH I R (Angrist and Krueger, 1991) o 25 f& 28 P15 7Y
y=a+bx+e,

HWABERPHERZE (thtnge /i, FEERZE, XOEESE) ik

BOERNER], RATEENTHE] e F. B8, XEREE5EZEXFR, Kk

Fe T Bt AR A IR W) AT RN

Angrist and Krueger J£ 2 2/ N N2 g ) LEF R s KA 1FE 28 (CA5E
12 HiA 36 % B A] N2 )

6%-67% 6%-6%

]\?—ﬁ 5% -6 6-67%

M X 5B EENEF DFELELS 4 H R DAHER >, B F16% 4 H
éi%%%&m%% s, RRBENKEHHAEH 2z JuEr, prel4d
H5xfx, BH5ekx CRARREKD , frbl z Al y L A4S
y = earnings
x = years of education
z = HEZE=T

21



%13. Angrist (1990) T 7T 1 Al Fe A5 0 A i o &= I 5210

y = g E(life quality),
x = kg x5,
e = HES5yARNHEZR
SRAEESIS, MLEERMNARIEEE, Kt NAER .

1970’s ik K HHIE], SEEFEAT 72T “HhZE” HsmHIAE feil B (draft lottery)
"AN19-26 % FF & F AL FAF I B e T — AN BEHL S IERSN (1-365) . 1iE
ERTE R A — 1T, DA TTRNEEZI G NMiEiE, H#ITiak
SEHE R (1970, 71, 724E435IT=195, 125, 95) . X2 — P HRRLE,
AR z = Lgns<ry & LEARE, BS5ERECRES R, E5HFNRMAL.

225 3Lk -
Angrist, Joshua D. 1990. "Lifetime Earnings and the Vietnam Era Draft Lottery: Evidence from Social
Security Administrative Records." American Economic Review. June, 80:3, pp. 313-36.

Angrist, Joshua D. and Alan B. Krueger. 1991. "Does Compulsory School Attendance Affect Schooling
and Earnings?" Quarterly Journal of Economics. November, 106:4, pp. 979-1014.

Angrist, J. D., and Krueger, A. B. 2001. "Instrumental Variables and the Search for Identification: From
Supply and Demand to Natural Experiments," The Journal of Economic Perspectives (15:4), pp. 69-85.



He T BAS & /151 (Angrsit and Krueger 2001)

Natural and Randomized Experiments

Chutcome Variable

Endogenous Variable

Sowrce of Instrumental
Variable(s)

Reference

Labor supply

Labor supply

Education, Labor
supply

Wages

Earnings

Earnings
Earnings

Earnings

Earnings
Achievement test
SCOTES

College enrollment
Health

Crime

Employment and
Earnings

Birth weight

1. Natural Experiments

Disability insurance
replacement rates
Fertlity
Out-ofwedlock
fertlity
Unemployment
insurance @ax rate
Years of schooling

Years of schooling
Years of schooling

Veleran status
Veteran status

Class size

Financial aid

Heart attack surgery
Police

Length of prison

sentence
Maternal smoking

Region and time variation in
benefit rules

Sibling-Sex composition

Occurrence of twin births

State laws
.
Region and time variation in
school construction
Proximity 1o college
Quarter of birth

Cohort dummies

Draft lottery number

Discontinuites in class size
due to maximum class-size
rule

Discontinuines in financial
aid formula

Proximity to cardiac care
ceniers

Electoral cycles

Randomly assigned federal
judges

State cigarette taxes

Gruber (2000)

Angrist and Evans (1998)

Bronars and Grogger
(1994}

Anderson and Meyer
(2000}

Duflo (2001)

Card (1995)

Angrist and Krueger
(1991)

Imbens and van der
Klaauw (1095)

Angrist (1990}

Angrist and Lavy (1999)

van der Klaauw {1996)
McClellan, McNeil and
Newhouse (1994)
Levite (1997)
Kling (1999)

Evans and Ringel (1999)

23



TAAZEfT: WU AL

AT FATG 2] 1 vistliil, EERE FiEER,

; __SWZ_J%E/SH
w — / ’
S SXZ SZZ

XZ

WVLSAh TR B IR LS VA1 2

(1) Im(x~z): x=c+dz+e" = LSftitd =s_/s_
2) Im(y~2): y=e+ fote? = LSHittf =5, /s,
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TR WP ATT-UW A2

FEE BNV TR R R W R
l; Syz Syz Syz _z(‘?zi_‘?z)(yl'_)_’)zsyw

w

sz Szz(SxZ/Szz)_SZZC:’ i Z(C?Zi—C?Z)z Sww
;H;I:':ldA:SXZ/SZZ’ M}l :6/1;21'

FrbL, WIS THEAE & TR 2P LSttt

N

(2) Im(y ~w): y=e+ fw+e® = LS{Eilf = S ! S Z;H,

(D) Im(x~z): x=c+dz+&" = LSTEiJrcz’zsxz/SZZ:wi: Z.

1

XAERTHE (P20) FIW ik, %0 s e 7 T HAS B E A iR
F— P HzAtxFR R K, BRRUEEwWwR S5z6%, wseor.,
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LN ZETE IR ]

(D 2572 & (Omitted variable J0] 3 5 2 H & A 2 Hil AR AR =)

R IE TR
y=a+bx+cz+5,6 Lx (LARFTML, TFD
Hr z 5x K. WRBANTEA N &=, 805 3A 7 ik
BRI hElz, A TAERR y=a+bx+ete=cz+0 5 x AL,

(2) KR A{F](reverse causation, i N AR 5 42 H A8 = 1 )5 [K])

R IEMRAN y=a+bx+e ,e Lx;
{HSEPrEfE R TAEB A x=c+dy+0,

MIFHRTRATAE x=—a/b—y/b—e/b, FTUATAER IG5 =—¢/b5yH %,

(3) B E W iI=ZHEM  (Error in Variable , EVf57Y)

IEWIRAL: y=a+bx,+e,, x, Le,. BRI TxMEARE, HIIRA]

HEEMER]: x=x,+0,Hrx, LM
y=a+b(x-90)+e,=a+bx+(e,—bd)=a+bx+e

W Se =¢, —botHR.
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