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P(Y = 150|X = 1)

~ 0.08+0.18 + 0.05

16
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0.18

P(Y =4501X=1) =
( | ) 0.08 + 0.18 + 0.05

0.05
0.08 + 0.18 + 0.05

Z DR E TR 2 > THEILDO /AT S WIFHEZ S5 &, 4129 TSR 9,

P(Y = 700|X = 1) =

(4) 3) L IAIEEICSAEAT X I A BT 5 &, 295.7 T L7220 £94, ZOFITIL, RED
FFAEN OFHFERE L 2o TWA 2 LR TXE3,

17
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FAE HEtFCLDHER

]

4-1 [E—oORERSA (BRESITu, Bo8UTe?) IHNLZHE > T DnfE OfERZE
(X1, oo, X)) DEEAREX
_ 1y

AR E —EEA RO L AR LEL X 9,

€ 2=3)))|
R uoHEE R & L COREREAX P RRIEEL RO L1, EAEHOHRHEZ & 5 &,
RS E R 2 L 2B LET, EAREYOWRHEL &5 &,
_ 1% 1% 1w 1
E[X] =E|:;2Xi =E;E[Xi] :;;ll:E(nﬂ) =U

i=1

L2, Mtttz b oZ LY £77,

—EMEA RO Z L UE, AR A ANERKIZARD EED 0 12D ENLHERT D
EMTEET (BRI TR IR O MR MEL TS, FEAAE O — Btk o [
RRERIZIZZ N THATL L D),

BEF T, BARVEDO BB EERY A A TE ST DIZRD 2 &1E, ROLD
RO D Z ENTEET, £, EX]=u2DT,

VIX] = E[(X — E[X])?] = E[(X — »)?]

LHRVET, 228, K=Y X ERALTHSET L,

n 2 n 2
_ 1 1 1
E[(X —w)?] = E[(;ZXL _.U) ] =E ﬁ(ZXi_n#> ] :ﬁE
1 (< ’
(Z(&-—u))

L0 F9, BifHER SO E LRI D L,

(Ex)

1
== = SE( @)+ + (X — 1))

1
SE[((X = ) + -+ (X = 1))

18
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1
= FEIX =) oot (K =) + 20X = ) (X = ) + o+ 2Ky — ) (K — )]

1
= 5 (Bl - 1?1+ -+ E[(X, — 2] + E[2(X; — ) (Xy — )] + - + E[2(Xp1 — ) (X, — )])

L T, BAIOMEOYFHEITE Sy #e?ic/2 0 £, £, TRLUSOEHEIL, ThEih
DX IMSE7e DT, Ho8uT o L7 E3, oF 0,

1
— (Bl - W+ -+ E[(Xy — 2] + E[206 — ) (X — ] + - + E[2(Xn-1 — ) X — WD

1 1 a?
=—(0%+ -+ 0%) == (no%) =—
n2( ) nz( ) "

LARBOT, VIR =T Lib D LAHRTE T,

4-2 [FRl—ORERS A (BEEIEu, Bo8UTe?) IZHSZHE S TV DnflE O %L
(Xps oo, X)) DB 1S2

n

n1 1Z(Xi - %)

i=1

INAREZ RO EZMERLEL X D,

% =

(R &)
BEARDEDAMRYEZ RO 72 0121E, E[S?] =02 L 725> TRtz FHADT, A
SIBOWDOWRHEZ B £,
1 - _
271 _¥\2
E[S?] —E[n_lz(Xl o

i=1

ZORDE[(X; — X)) 2RO L HIcEEHZ ET,

n

1 _
= —— > B[ - D))

i=1

E[X - )21 =E[(X; - - X - w)’]

E[(X; —mw? = 20X — WX —w) + (X — 1)?]
E[(X; — )] = 2E[(X; — 1) (X — )] + E[(X — w)?]
0% = 2E[(X; — )X — )] + E[(X — w)?]

TNENDOXITMNLZR DT, HLSHIT0E 2o TVWH T LITHEET D &,

E[(X; — )X — )] = B

1% 1 C 1
* —u)q;xi —u)l = ~E| —m;(&- —u)l ==o?

19
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L0 S, 7, FEEC
n n 2
1
E[K — 7] [(nle #)] —E (Z&—nu)
i=1

1 [ 1 .
~n? B [ZE[(Xi _“)z]l =2 (no?) =;02

el

i=1
LARVET, ThbEHS L,
BICK, = %)%] = 0% =207 +—0? = L2
n n n
L FEITDOT,
n—1 n—1
2_ 2 — 2
_1ZE(X 7] _12 i

L7RY, Bo#etOHEERE L L TOREAS ﬁﬁiTﬁﬁ%ﬁO EDPHERTE ET,
ARG B2 > 2 & B RBRITIEAR DB O BPEAY A X2 WIRKIZRE L
TERFIZ 0 L7 Z 8P OHEGRTE £97720%, FEFMIIAEFORMZ B 5720, AL ET,

4-3 AXPICHTEEZEH#EHOFICBWT, 6 K5 DT A AT OEDT —H )
DRFE SRS EIL 8.267 L7/ D 2 &, X DLITHEN 0284 L7252 & & HS Tl
MOTHELE I,

€:-5)) Y

SREEDRIE

4-A EWEEEONEERARDI=DIHIOTT AR 11 K TRERPYIC E 5S4 30
LELE, TOREE, 7A MR TOZBMITIRO I DI F LI,

Ol E, EHEEEHOMBIIH-TmE S 2D TL X 90 ABEKYE B%O WA E
ERBETHELTCAEL LI,

(A&
20
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FTTANOEBOBNOVEEXZHETH L, BLE 291 HE 9, KRIZ, BEAD
BEFETD L, 1269 L7200 £7,

AL TRIFIEFRRIZ, TRENRDOT A N ORBEOBICIT D0, 55803 a? D IER A
WCHSTIZHE S TV D & T2 &, FIRE, WHIREDWT AU T IR EERLE T = 0
LRV FET, Fe, LS NIRRT

X—u

o2

n

WZu =02 AL, DHAEEASH CEXHBZ-HDIXABE 10 O 5626, OF 0,

= ~ £(10)

T <

LRV ET, 2O tREMFTEIZT A SO SEDOEDFE)TH 5 2.91 LIEARS K 12.69,
BLOEEARY A An =112 AT 25 &, tfEITBLZ 2708 720 7,

FRREDOZENDBEZEL X 9, FMREDOXIAG A [EMGE IRz RH D)
%0 (Hep>0) & LES, HAEE 10 0 L 5%0MiEts k2 1.81 (ZofE, #lxi
T/ E/NT [=T.INV(0.95,10) ] LT HLGLNET) DT, tfET 291 & ZORHEE
DREL, AEKMESY CIREFAZFACTEET, 2FV, (FEAKMES%D FREIZK
W) BHEEEIIIFNN EORP BT LW D Z LT T,

WRIR E DA ORNLARGUE THy:p# 0] 720, 5%DA B AKUED Ml E O RO RfE
TEBE 10 O ¢ 53MmIcBiT 5 Bl 25% DA RAVUTRWZ L1220 £9, ZORHEITs
K% 223 70T, ¢tfEIF 291 & ZOBMELY K&, AEAKUE 5% Thp (G2 FEH T
F9, 2F V0, FEAESSOMHUREICENTY) BEHHEICITIERN LTV H L
W27 E£7,

4-B Excel X° Stata #{# > T, EHSAM L t5AT D FTER 25%% 5.2 A RO FE L
X 9. tHOAICE L TIXEBEEN 5, 10, 100, 1000 O & & D EE2FNFNRD T, il

LTHFELE D,

[ 2 &)
Excel TiE, t/oAid Bl 2.5% DL T=T.INV(0.95, HHE)] TRODHZENTEF

I, F7o, HEAEEHSAR O EM 2.5%DEIE [=NORM.S.INV(0.975)] TR®HDHZ LN TX
F7, BEx2ABEORFOtAH O FHl 2.5%DBIEIXR D X 912720 7,
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L 2.5%0RRE

BHEE W aXiil
5 2.570581836
10 2.228138852
100 1.983971519
1000 1.962339081
10000 1.96020124
ERSM 1.959963985

ZDOXIIE, HHENFSICREVETL, t/946OBRE &g ERSMAORMEITHE VA
DHRNHDIZRY ET,

Stata D%, [invttail(HHEE,0.025)] W) a~v o Faix X, BEZFHHE L T
NWET, AHEBREZERT D Idisplay] O#%IZ, Lo De534 D FHl 2.5% D BIfE % F15H
THaAvy REFETLIEERITRO L 91220 £,
. display invttail(5,0.025)

2.5705818

. display invttail(10,0.025)
2.2281389

. display invttail(100,0.025)
1.9839715

. display invttail(1000,0.025)
1.9623391

7B, HEMEEH A O Bl 2.5% DO BEIX, [invnorm(0.975)) 552 LRHDHZEMN
TEE¥, HARRIIROEY T,
. display invnorm(@.975)
1.959964

22



©2015, Ryuichi Tanaka

£58 HOEoh

]

5-1 l/kfa'?@ﬁ(y :ﬁo‘}‘ﬁlxc:/)b\f;
1) Bo=-5p=20LEDrI77%i&xEL 19,
Q) Bo=2p=—-1DLEDI T 7EHEEL LI,

(fEH]
ey

@
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5-2 HEUFETNY, =By + B X; + Ui%, IROERY A X5 OF —X %Mo THEEL

EJrpe

x: —2,—-1,0,1,2
y: —4,-2,3,1,2

(1) xEyD ¥ ERODEL X 9,

(2) xDIEARGEE, xEyDFEARLGHERDEL X 9,

B (V) & @ DOFFREM ST, HENTRAZ—LUF/RT XX =D/ 2 FEIC
L OHEEMAZRODEL X 9,

(4) 3) TROEMEF T AL —DOHEEMEZES T, 5 >OBRIEZILENIT O
THAEZROEL X I,

(5) (4) TROIFEZED 2FMEZFF L, TNEyDREE) (DF D EARSEITHE
AP A XefNT-b D) TEo7mb D% 11551 2 LT, REREKERD
FL X,

(6) (5) THEHELIFEE2FEME FEAY A X-2) THLZZLIZL-T, #EH
DIIHMOREEMZRDEL X 9,

(1) (6) TROHAEHDOGWOHEM AL T, HEX T XX —Dh/) 2 Tl E
BOSMOHEEERDEL X 9, I, ZOHHMOHEEMEDEHIRDS THEHE
] EREINDbDICRY, FHeETHELIGHLET,

[#&E51]
1) x=0,y=0E720F7,
(2) BEASYEL  [(=2)2 + (=1)2 4 02 + 12 + 22]/4 = 10/4
BEARLEL  [(=2)* (=4) + (1) * (=2)+ (0) * (3) +1*1+2%2] =15/4L 720 F
R
() HE T A X —DHEMEIX, x& yDIEARILGEE x DIERGBTHI ST b DT/ DD
T,
. 15/4
1= m -
R ET, Fe, YRRT A X —OHEEEIT,

1.5

L EF,
@) 5 >OFNFNOBENEEZ AT DHZE T, FNTNOEELZRDO L HITKDDH Z LN
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TEET
—4-15x(=2) =-1
—2-15x%(-1) = —0.5
3-0=3
1-15x1=-05
2-15%x2=-1

(6) =2 FMEFHAET DL,
1+0.25+9 +0.25+1=115
L ET, F, yoREENT,
16+4+9+1+4=234

0 ET, REREBIIERE 2 BRIOKREERNIRT 5% 1 0551V DD T,
11.5
REfR 1 - =7 = 0.662

RSV SR

(6) FEHEDOSEOHEEMIZ, 22 /M 115 2 HHE 5-2=3) THS-HLDRDT,

o 15 _ o
s—3—.

RSV R

(7) HE T XA Z =D HEOHEEMIL, (6) TRDIZFEAEED Iy OHEEM 2 AL S D%
Y (x; —%)* THI -7 bDIZ/RDH DT,

A §2 3.83
WQMFMMJ:Z@Pjyzlo

L0 9, BT, ERGREILZ O GRARO T, 0.619 12720 4,

= 0.383
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39

-2.5 -2 -1.5 -1 -05 0.5 1 15 2 25

® 4

5
e Fih — iR (FAN)

5-8 knEIL, HDHKFED 4 ADOKFEAED GPA (Igrade point average] DWEHFT,
FHEOBMATOHEETT) &, REAFRRCOREBL L LDZHLDTT,

s GPA  AREE(E
1 27 50
""""" 2 | 24 s
""""" 3 | 33 &

""""" 4 | 35 70

(1) GPA & ARRZAMEOBIRZ R~ E T, GPA & AR{FZAEIZEF I 2 HEHE
TVGPA = By + By (IRZEMHE) + U, DENFST A2 — (Bo, fy) %/l 2 FIET
HELELE Y, ARIREME GPA DBRIZED X SR> TVETA, A
AR 5 RA » hE &, GPA BNENZIT (LT HTL X 22

(2) ARFEEMED TR SN D GPA LIEZEZ ZTNENOFEITONTRYD, k%
OB Z LR LEL LD,

(3) WEMBAZRDEL X9, ARBAMEIZGPAZ LD HLWVWHH LTS TL
L9

[#&&H1]
() H&X 8T A X —OHEEMIZS, = 0.05, YIF /8T A X —OHEEMIL B, = —0.0251272 0
£, ARDREEREWIZE, GPA (KFETOME) b R2MHmAH Y, ARFEZE
BN 5 HRA 2 hEWE, GPAIX0.25 < AN H D Z L3N0 £,

26
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(2) GPA OETEDE L RAEE 4 NENZNZTOWTEHHERTLH L, ITORD X IITRY
i—a‘o

P4 GPA AARAME | 4TI B
1 2.7 50 2.475 0.225
2 2.4 55 2.725 -0.325
3 3.3 65 3.225 0.075
4 3.5 70 3.475 0.025

FAEZETRET L, 0122 TWVD Z LR TE £

(3) IREFRENL 0.7937 1272V £, 2, GPA DRAED 55, T9%IAGRAEMEDOZ
BTN O ZEEFERL TWET,

5-4 ROGFMATEHFHEICBET 2B RO IO Z 2R LEL LD,
(1) al3EH, XITHERERET 5L, ElaX|X] = aX.
(2) X, Ulxe bICHFRE T 5L, E[UX?|X] = X2E[U|X].
(3) X, Y, UlZL LICHERERT, E[YUIX]=0L7 5 &, E[UXY]=0.

[#2ZH1]
(D) alZ@#Ae DT, WFHEL SO T Z LN TE, ElaX|X] = aE[X|X], F7z, fERE
BXCHRUM T T-XOMAHEIIX 72O T, EX|X]=XE7eD 3, Zhbaibidl,
ElaX|X]=aX 2D 2 R £,

(2) HEREHXTEMESTFT DL, XOMICLE-oTIREALDIFETEREFC XL OITHS
TLEMTEDHOT, X2HEHE LT Z T, IHHERE 5O/ TZ LN TE,

E[UX?|X] = X2E[U|X]
L F9,
(3) 40K LHIFHEDOIERIZ6E 5 &,

E[UXY] = E[E[UXY|X]]

27
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LR ET, TORMTESHIFHETIE, BREBXTRAESTLTNWDHDOT, X&RkMT
SHIFHEFE 5 DOIMIH T Z LA TE,

E[E[UXY|X]] = E[XE[UY|X]]
Ll F9, KHBIL, EYUIX]=02WATD5Z & T,
E[XE[UY|X]] = E[X0] =0

LRDHZEMDN T,

5-5 M0 iR UHIRHEOERZE - T, MERERX EUNERMNIE[U|X] = E[U] THL
1, XEUDOHSECov[X, UNNILT 010 bZ 2R LEL X D,

[ Z1]
X L UDILS U,

Cov[X, U] = E[X — E(X)][U — E[U]]| = E[XU] — 2E[E[X]U] + E[E[X]E[U]]
T, HUOE2HEAICERT S L, WRIOXDOFEEXIZT TICER L 2> TWET D
T, MU DO EAFHERE B DM LT D Z &3 T&, —2E[E[X|U] = —2E[X]E[U] & 720 £§,
FLRUT LI, & 3 HEOTOMFHEEX]H L OE[UNIX 2 2L b TITEKIZR > TV
£ OT, IMIOIFHEEE S DS H L CE[EX]E[U]] = E[X]E[U] & 720 £, ZOFER,
Cov[X, U] = E[X — E[X]][U — E[U]] = E[XU] — E[X]E[U]

W20 E9,

ETC, ZZTHRYIRLUHIFHEOERNORE T, AU0% 1 HiT4 iR LAHEO L]
RS LROLIICES ZENTEET,

E[XU] = E[E[XU|X]]

D ORI OIFHEEXU|XIEX TERUEAMT 35 2 L2 L - TE[XUIX] = XE[U|X] £ E#< 2
EMNTEETOT, E[XU] =E[E[XUIX]] = E[XE[UIX]| & 720 £9°, & HITX & UL AT

72DT, E[XE[U|X]] = E[XE[U]] = EX]E[U]E 720 &9, 2D Z &b, E[XU] = E[X]E[U],
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SDFEVCov[X, Ul =075 L0830 £97,

5-6 HFET VOME T AL —DOHEENPRREEFF, DEVE[R]=p&%D
TETMERLEL XD,

[BEH] =74 b 2SR LTIEE,

5-7 HBEIFETNVEZERY A AnDT — X Zffio> The/h 2 -IETHEE L, 7852 g
HHEn — 2 CH| - 72 EHO DB OHEE &2 AR R, DE VE[s?] =s2& 725
ZEEHERLELL O,

[fE &)
VIUIX] = VU] = s & X1, §2 = —Sa?OBIFHHAS2 /25, DED, E[$?] = s228K
DAL TIE, MEMERH D EE X E T,

>
N
I
—_
N}
1=
—
=
<]

+
=
[

&

+
&

|
=
|
=
fiy
‘__R
—
N

~.

n

1 ~ ~
T 22(30 +Pix; +u — (¥ — prx) — ﬁ1xi)2

1

i=
n

1 ~
;(ﬁo + Bt =5 — (- 0)°

n—2¢

EBIZ, y=By+fx+ur AT DL,

1 < .
D (Bo+ Buxi+ i = (B + fu +7) = fu (i — D)’
=1

2:

S
n—2¢

[(B1=P1)? (i = ) + (w; — B)* + 2(B1—B) (x; — B) (w; — B)]

n

“n 1 2271:(30 + Buxi U = Bo — Pu¥ — = By (x; — D))
i=1

“n i Zzn:(ﬁ1(xi — %) +u; — = Py (x — f))z
i=1

== i zi((m_[%)(xi —X)tu; - a)z
i=1

_ 122
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R0 ET,
*7z,
5 p o _ Yim (i — Oy
ﬁl .81 - Z?zl(xi _ f)z
ThHdHZ EITEELT, EoRKiffAT S L,

1 n

a2 —
s _n—ZZ
i=1

Yj-1(x; — Oy

2l — %)’

=1 (x; — Oy

Dol — x)?

2
l (xi—f)2+(ui—ﬁ)2—2[ l(xix)(uiu)]

FPE, T RTCOBRABEOBIM CEMAT T U282 D5t & MIFHEE[S2|xy, .., x, ] 23K
WET, FOTEDOIZ, TNEFNDOHET L DS MAEL R TAHAEL L9,

E [%r (x; — %)% |xq, xn] = 2]}1:1(;—12—33)2 (x; — )2
Bl =20 ] = Bl - %Z ] = 7Bl 3 )iy
= T
B %E[( (n=Duw; = Z U)X, s Xp ] = % [(n—1)%s% + (n — 1)s?]
T
=(n;;ﬁ2UV—1+1]:(”7:ﬁ2
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E %(M f)(ui—ﬁ)|x1'---'xnl
j=1(%j

(Xl'—.f) = _ _
=———E (x; —0)uj(u; — ) |x%q, ) X,
23 s -

- ® LN N
= ST ) nE [;(xj X)u; (nu; Z uy) |xq, xn]

i—x) 1 _
G2 %) z_E[Z(xj - x)uj ((n—Du; — Z Uj)|xq, ooy Xp]
j

RO

= ilE [(n - Du?(x; — %) — E(xj — x)u |y, ]

Jj#i

Z] 1(x;j _x) j#i

J#l

g

‘izz:;4<*ﬁ%rw Zw—@ﬂ
_ ( —X)S -~ o (xl-—f)zsz
I 1(x,_x>[ K Z(’ x)] X 1(1 )2(1 e,

ZNHD 3 ODIHEEE[8%xg, Xy | DRUTRAT D &,

. 1 52 _ (n—1)s? _(x; — x)s?
E[52|x1;---;xn]=n_22[3(xi—x)2)+ " -2 D ]
_s? 1 _2+n—1 z(xi—f)z_ s? i+ n—1 )
_n—ZZ[D(xi x) " D ]_n—Z %
2
s
=n_2[n—2]—s2

L E9,
I, S2OMFHIEE[S?|xy, .., x| D352 L 725 2 L0, #:0 K UHARHEOIER 26 5 & i
R CE £,

E[$2] = E[E[$2|xy, ..., Xn]] = E[s?] = 52

TSI EDHONFRHEETH D Z E PR TE E L,
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SREL ORI

5-A AT TRIZARIL B O BRI DU T O HENEE 7 L & o 1= 550 R %
MBLEL LD, AEOY =7 HHF— b—V05 [5_1_income.csv) &4 Vo m—

FL T, Excel X Stata &~ THIL L EFFLROBRE LT 4 DOHEIRET L&
FNEFNHEEL, BEBECICRDZEEMRLEL LD,

(EH] A%

5-B @EEHARW L, MERIFFAES R0 THEL X O, AFEDO Y = 7 ¥R —

=255 [5 2 sleep.csv] (21, 3726 A7y DEEER] (commute, HALIES))
LEAREFR (sleep, HATIX4Y) OF — X MRS TWET, ZOF—Z5H-7T,
AR R R A @ R Lz B R A HelR e L

sleep; = By + ficommute; + U;

DEYFNRT A X —5HELE L X 9, BERFMN 1 5EL<ed L, BEREERN EhE
FELSRDTL X 9D

[fEEH]
H[EJFE T /L% Stata THEE L7ZFERITRO L H 12720 £97,

. regress sleep commute;

Source SS df

MS Number of obs = 3726
------------ L LT TR F( 1, 3724) = 308.71
Model | 621252.33 1 621252.33 Prob > F = 0.0000
Residual | 7494252.54 3724 2012.42012 R-squared = 0.0766

------------- e Adj R-squared = 0.0763
Total | 8115504.87 3725 2178.65903

Root MSE = 44.86
sleep | Coef. Std. Err t P>|t]| [95% Conf. Interval]
_____________ +_-_---_-_-----_-_-_---_-_-_---_-_-----_-_-_---_-_-_---_-_-----_-
commute | -.5530016 .031474 -17.57 ©0.000 -.6147095 -.4912937
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_cons | 431.7653 1.292579 334.03 ©.000 429.231 434.2995

ZDOFENSEE commute DE X XT X Z—OHEEEIT—0.5530016 & 72> TWDH Z Lo
DET, OF0, BEEEFEN 1 S5EL 2D, BEIREFREN 0.55 0E L5 Z &by
i—a‘o

5-C Fife0AE K L W o o RIEH BRI, BURRIRERIFICEELZ 525D TL LD
Dy REOY 2 7HKR—FX—=T2H D [5_3_abe.csv] 121X, 4276 A4 DL
(income, HAZITHM) & YUFEOEHTH o 025 HE —K~DEEEZ 0 725 100 £ T
DEETRLIZHD (abe, REWIZEZFFREY) PGS TWET, ZOT7—H
Zffio T, HEFEET L

abe; = By + Brincome; + U;

DEFNRT A X —HHEE L, &I E ZFREOBRICOWTHERLTAEL XD
(B b i HERT A —DFFITEIRDTL X OD),

€ 2=31)|
ZOBYFET NOREYF/ ST A X —% Stata THEE L7IEAERITRO XL 512720 £,
. regress abe income;
Source | SS df MS Number of obs = 4276
------------ oo F( 1, 4274) = 10.85
Model | 2245.59031 1 2245.59031 Prob > F = 0.0010
Residual | 884349.376 4274 206.9137 R-squared = 0.0025
————————————— e e T Adj R-squared = 0.0023
Total | 886594.966 4275 207.390635 Root MSE = 14.384
abe | Coef. Std. Err. t P>t [95% Conf. Interval]
_____________ o m o o o e oo
income | -.0030593 .0009287  -3.29 ©0.001 -.00488  -.0012387
_cons | 43.43716 .3277382 132.54 0.000 42.79462 44.0797

ZDOENS, B income DFEET—0.0030593 ¢ 5 TWAZ E N T, oF Y,
FINAEVIE Y, KEHRIENTHL 25 2 b £97,
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£ 68 BEMOREITOER

]

6-1 kEOFHAEE LU N5 72 5 EEYFET MIZEBWT, 2 2 FBROK/IMEBED
BRI A ZBENTAEL X 9, RO 1BESRMHEORXIL, T—A 2 FREOKXEF LT
L X 99

[#2ZH1]

k+ UMEDEYF/ ST A2 —ZZIUDON TR LT 0 &35 1 FIEFOREELS &,
T— A2 PRUFOEARRE 2R CIZRY £7,

eI = y; — Bo — Prxe; — - — Bixii 72D T, T 2 TR

Z (J/i - Bo - 319511' - /;’kxki)z
[]=1

Y ET ZORE (o, By, -+ Bk)f%m%nwﬁ/\fm L,
ap Z(yl Bo = Bixai - kxki) = Z(Yi — Bo = Bix1i — -+ = Brexier) (=1)
0

TL
0 A A A
—AZ(J’i = Po — Bix1; — - — ﬁkxkz
9h1 =1

M:

2()’1 — Brxy; — - = Brxi) (—x11)

INGE

? . , , ,
K;()’i —Po — Prxyi —— ﬁkxki)z = > 2(yi — Bo — Prxsi — -+ — Prxi) (—x1i)

]
_

i

WOk +1IARORITREDFEST, ZNHOXEFNEN=0L L TEHT S L,

Z(J’i - BO - leli — B\kxki) =0
i=1
Z()’i — Bo = Brxyi — -+ = Biexri) (x11) = 0
i=1

Z()’i — Bo — Prxai — -+ — Brxis) (xxi) = 0

L0 ET, ZNHOXROWHEEEARY A X TENIE, T—A L MECBIT2k+14ADE
— AV MM OERIREZE L WS DT> TWAZ Enbny £9°,
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SREL ORI

6-A AEOUV =2 THR—FX—=2IZH D [6_1_income.csv] #fi~T, FEEFII W
—HREREHEL CAEL L I,

(FEEHl]
Stata (2 & 2 UG OFRERITKRO & 912780 £7,

. regress lincome yeduc exper exper2

Source SS df MS Number of obs = 4299
————————————— R e EE TR TR e F( 3, 4295) = 372.81
Model | 712.697229 3 237.565743 Prob > F = 0.0000
Residual | 2736.9054 4295 .637230593 R-squared = 0.2066
————————————— e Adj R-squared = 0.2060
Total | 3449.60263 4298 .802606474 Root MSE = .79827
lincome Coef. Std. Err. t P> |t [95% Conf. Interval]
_____________ T m o e e e e e e e
yeduc | .1175467 .0070603 16.65 ©0.000 .103705 .1313885
exper | .1961736  .0074935 26.18 ©0.000 .1814824 .2108649
exper2 | -.0063811 .0003162 -20.18 ©0.000 -.007001 -.0057613
cons | 2.485502 .1107823 22.44 0.000 2.268312 2.702693

ZOHEERERE NS, HE ORI 11.75467% Th 5 Z L b 47,

6B AEZEOYV=THR—EX—UIZHD [6_2_yeduc.csv] IZITEFFE (yedue) &

B (BB DRFRRFEU ETHIUE 1 & 725 4 I —2% % pacograd (mocograd) 73Y

I TVET,

(1) FHOFE (mocograd) ZRBIDOFE (pacograd) & EHIEIZ[A])F3 2 Al
EFETNEREL, FEZFHELEL X O,

(2) TELOEFFEH (yedue) % (1) TlE-7-4%7E & EHIHEIZHIFT 5 HEYRET
NEHEELE L X 9, BEDRET A X —OHEMIE, #16.4 (141 <X—2)
DEEYFET MTBT 2B OFREERORE AT A Z—DOHEEE LR CIZ72 Y
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FLED (ZOLDHIS, HEYRINT 2 LIS T TT O Gk TRIREER) &
KN, v=THm 4 THLIMHRLTOVET) .

€::2=30)|
(1) Stata THEE L7off R LFRZAZDIMEY FIZLLTO@Y T,
. regress mocograd pacograd
Source | SS df MS Number of obs = 3954
------------- e F( 1, 3952) = 757.73
Model | 50.9279652 1 50.9279652 Prob > F = 0.0000
Residual | 265.619582 3952 .067211433 R-squared = 0.1609
————————————— R e Adj R-squared = 0.1607
Total | 316.547547 3953 .080077801 Root MSE = .25925
mocograd | Coef. Std. Err t P>|t| [95% Conf. Interval]
_____________ m m o m o e e
pacograd | .2497677 .0090736 27.53 0.000 .2319783 .267557
_cons | .0149893 .0048976 3.06 0.002 .0053871 .0245914
. predict res, residual
FFET VEHE L2, Tpredict #H LWAHA, residual] £V ) a~ 2 RTH

7% (residual) Z1E-> THLWEEL DT CTF—% 1ty MIBIMLET, 22Tl #
LWEEL L LT lres] EWI4HTEZDITTWET,

(2) Stata |Z LA HEERERITR OB Y T,

. regress yeduc res

Source | SS df MS Number of obs = 3954
------------- T F( 1, 3952) = 35.28
Model | 65.6143573 1 65.6143573 Prob > F = 0.0000
Residual | 7350.46531 3952 1.85993555 R-squared = 0.0088
————————————— R L L LR T e R Adj R-squared = 0.0086
Total | 7416.07967 3953 1.87606366 Root MSE = 1.3638
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yeduc | Coef. Std. Err. t P>|t]| [95% Conf. Interval]
_____________ e o o e e e e e

res | .4970149 .0836795 5.94 0.000 .3329559 .6610739

_cons | 13.96131 .0216886 643.72 0.000 13.91878 14.00383

72k, EEUFETIVOHERERITKROEY T, BEOFREOEHN EORER L 2L FH
CIZ o> TCWAZ ENERTExE£9,

. regress yeduc mocograd pacograd

Source | SS df MS Number of obs = 3954
------------- o F( 2, 3951) = 422.54
Model | 1306.72283 2 653.361415 Prob > F = 0.0000
Residual | 6109.35684 3951 1.54628115 R-squared = 0.1762
————————————— R e Adj R-squared = ©0.1758
Total | 7416.07967 3953 1.87606366 Root MSE = 1.2435

yeduc | Coef. Std. Err. t P>t [95% Conf. Interval]
_____________ o oo e e e

mocograd | .4970149 .0762982 6.51 0.000 .3474274 .6466024

pacograd | 1.108861 .0475107 23.34 0.000 1.015713 1.202009

_cons | 13.59462 .0235193 578.02 0.000 13.54851 13.64073

ZOXoIT, EEUFOT AR KA —OURAERE T LHERET VEHET D L
THRE D ET 2 5B, BRI Z T ASTITHEANT D &0 D BRT, TEIREEH ] L
EN5Z b0 ¥ (v="Hliim4 2R, ZORIFHE 2179 &, BERIFET LOHE
ERERE R F TR N T A X —DOHEEMBEZGL Z ENTEET, LaL, HEERZED
Bl o TVDRICHERE LT EE, ZhuE, BURMRHNCRT D 2ITHEE Shi- 245
ROT, WERZENH DD TT N, BEURMEH TITENZZBEL T, FEERE
Dol DO L) ¥, ELVEEREIIERIFET VEHE LRGN0
T,

6-C @mHEFHAEVE, AFOMEENMES RODHSNTHELL ) AEDY =T
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F A — h2— I dH % 6.3 happy_work.csv] 1Z1%, 3604 A4y i i) i
(commute, HALIES5y) EAEFITHT S e (happy_work, N> & i & £ TO
5 BRE) OF — BRI TWET,

(1) AU 2 R A BB [R5 2 B 7 0

happy_work; = 4 + Bicommute; + U;

DTG T A5 —EHEELEL L5, BREHORKOG LY 5725 TL
Lo Fl, REUST A X —ITHEHICERE T,
(2) 40T (income) EIE¥HXL (vedue) % AR L LT L ERREF L

happy_work; = By + ficommute; + [, income; + B3yeduc; + U;
DEYF/ ST A X —ZHEELEL & O, EERFHORBOEIZED L 5122k
LE L7
(3) THEE L7-EREFET MIFER (income) EEFFEE (yedue) ZIEMT S

ZLICHETIICERIZH 2D TL X 9 2 BEAEBGH

Hy: B =3 =0

ZFRETHZ L THNTHAEL XD,

[#2&45]
(1) Stata (= X D FEUF AT OFERIZRO L D272 0 £,
. regress happy_work commute
Source | SS df MS Number of obs = 3604
------------- A F( 1, 3602) = 2.96
Model | 3.98644047 1 3.98644047 Prob > F = 0.0852
Residual | 4843.00662 3602 1.34453265 R-squared = 0.0008
————————————— e Adj R-squared = ©0.0005
Total | 4846.99306 3603 1.34526591 Root MSE = 1.1595
happy_work | Coef. Std. Err. t P>|t| [95% Conf. Interval]
_____________ e e e e e
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commute | -.0014337 .0008326 -1.72 0.085 -.0030661 .0001988

_cons | 2.22551 .033748 65.94 0.000 2.159343 2.291677

P30T, WERFHEARWVIEEAFOMBEEITENZ L1200 £, TR

7
T A B —DOpfllL 8.5%72D T, 5%H BAED WA E CILIFEAEGLZHEH TE EHA

2%, 10% A B /KAED W E CIIFEAGL 2 FTEH L £,

(2) Stata |2 K D HEERIRIZLL T D@ Y T,

. regress happy_work commute income yeduc
Source | SS df MS Number of obs = 3604
------------- S eSS S F( 3, 3600) = 13.82
Model | 55.1758678 3 18.3919559 Prob > F = 0.0000
Residual | 4791.8172 3600 1.33106033 R-squared = 0.0114
————————————— L T T Adj R-squared = 0.0106
Total | 4846.99306 3603 1.34526591 Root MSE = 1.1537
happy_work | Coef Std. Err. t P>|t| [95% Conf. Interval]
_____________ o oo e e e
commute | -.0024914 .0008488 -2.94 0.003 -.0041557 -.0008272
income | .0004735 .0000876 5.41 0.000 .0003018 .0006452
yeduc | .0202123 .0104646 1.93 0.054 -.0003049 .0407294
_cons | 1.83565 .1417575 12.95 ©0.000 1.557717 2.113584

WBEIFEORBOMEIZTAT, RE ST 2/FHICRY L, ZnEEWAGEEoh
LEFETHTEEFHARS Tht< 2L 2RS0T, FlZHEl+T2Z itk T
WERFROAOZNRN LD RESMHS NI LITRY E7, WV H &, 2. 1 THEE
L7 @R OB T A 2 —OHEEEIE, FINEEZE LR Z LIk > TEAAN

AT AR TN EFERZET,

(3) Stata & L 2 HEERERIZLL Fo#EY T,

. test income yeduc

( 1) income = ©

( 2) yeduc =0
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F( 2, 3600)
Prob > F

19.23

0.0000

FEIE 19.23 T, pfEIZIZIE 0%72D T, ZH5HDOEOBRENFEEFICO THDH L)
IRIEGRITEERI S, 2D OEEEZRIFRICED D Z & ICIIHHIICERRH S L 5
2ZFET,

6-D FiIERHBEKEL VoL EKNE, BURRRIFICEEL 5EXH5DTL X209, K
EOY 2 THR— b X=IZHD 16_4 minshu.csv] 121F 4218 N4 DAL (income,
BALE M) ERFRICHTLIXFEEEZ 0 06 100 FTOHEETRLLE LD

(minshu, K&EWIEEZF58EV) BIER S TWVET,
1) ZoF—2%f->7T, HEUFET L

minshu; = By + 1 income; + U;
DIEFRT A Z—ZHEE L, P E RIS~ IFFRAE OBIRIC OV Tagam L
THEL LI, FNOMEENT A Z—ITHFIHNTAHETL X 50
(2) (1) THEE L7 HEIFE T WVTEFHEE (yedue) ZiBIN L7 EEIFHET L

minshu; = B, + B income; + B, yeduc; + U;

DEYFNT AL —ZEELEL X 5, BEDOBEE T A 7 —OREITHFIC
HTT

[ Z 1]
(1) Stata (2 L D HEERERIZLL T OEY TT,

. regress minshu income

Source | SS df MS Number of obs = 4218
------------- b e F( 1, 4216) =  4.32
Model | 1478.47709 1 1478.47709 Prob > F = 0.0378
Residual | 1443813.6 4216 342.460532 R-squared = 0.0010
————————————— R LR EE PP Adj R-squared = ©0.0008
Total | 1445292.08 4217 342.729922 Root MSE = 18.506
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minshu | Coef. Std. Err. t P> |t [95% Conf. Interval]
_____________ e o o e e e e e

income | .0024904 .0011986 2.08 0.038 .0001406 .0048403

_cons | 43.82368 .4239929 103.36 0.000 42.99243 44.65493

FILORINTIET, % KHETHFTHINC O AETT O T, FNPEmNEERIEE~D
FREE PRV E F R E T,

(2) Stata |2 L2 HEERERIZLL F oY T,

. regress minshu income yeduc
Source | SS df MS Number of obs = 4218
------------- e F( 2, 4215) =  4.52
Model | 3091.44429 2 1545.72215 Prob > F = 0.0110
Residual | 1442200.64 4215 342.159107 R-squared = 0.0021
————————————— e T Adj R-squared = 0.0017
Total | 1445292.08 4217 342.729922 Root MSE = 18.498
minshu | Coef. Std. Err. t P>|t]| [95% Conf. Interval]
_____________ e .
income | .0020023 .001219 1.64 0.101 -.0003876 .0043921
yeduc | .3349071 .1542502 2.17 0.030 .0324955 .6373186
_cons | 39.30279  2.124906 18.50 ©.000 35.13686 43.46873

EFFEREBINT 5 L, FENOBREIT 10%KETHAEE TR RV E L, 20Ok
s, ) THRE LEFRODFRIZEICFEROEEZFR > T2 ERbn £3,
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£78 BOFEDhOIGH

]

T7-1 ROBERIFBET NV CTXORAGEERDEL X D,
1) Y=3+2X+U
(2 Y=-5-3X+2X*+U
(3 Imy=X-X2-X34+U

(fEH]

dYy
(D) ax - 2

2 w_ 3+4X
()d_X__ +

dlnY
ax

(3) =1-—2X —3X2

bhiic, T =T o TOBOT, [XORABRYOELS (%) 152 D5R) &

W FRRRIZ 7220 £,

T7-2 2EFPIRELZIICLD LT HIEIERFNT A MIBNCT, FifFOEWEED
T EbOFINTEMEAA L S E T, Z OBIEILIRER AT F /N TS, BIASES T 5
RHDTL X DD

(1) FTXTOEFFETREBATE, /AT, AABONTINAEATND & LE
To TNDH3 IN—T%FI—EHTHELTHEL LD,

(2) 7AMDOEI (score) NFEFHFTHF (income) |THKAFT 2ME S nEH~RDHT
HIZ, HEYRET IV

score = By + 1 income + U

ZBERZET, RN T A NOREITE 2 2 RN KT, F/ RS, BR
MTRRLGEIE, EOXIREIFET NV EHET XLV TL L 5, &
FIFET L EZENTHAEL L I,

42



©2015, Ryuichi Tanaka

(B) @QTEVWCERFETLVEME > T, 3 OO/FEETHHREE TSN T A DAk
W52 DWBENRIRLZNEINERETH=20OI21E, EHTHELWTLE D
N (e b oL RREBEGARETVEINTLE 22 o

[#7Z)

(1) KETIMEATODHAITIT 1,% 5 TRIFIUT 0 & 7225 2 I —8% (leity) &, T/
TZEATWAEEIZIE 1,% 5 TRTFIUE 0 & 725 4 I —2% (meity) 25 &, 3
DI N—TIFIRDO L IINWZRTZENTEET,

RERTTES | /R TEs M A
leity 1 0 0
mecity 0 1 0

(2) 2 DO X I —2# lcity & mcity i~ T, WOXEHE L F7,

score = By + fiincome + S,lcity + Bymcity
+B,(income X Icity) + Bs(income X mcity) + U

& LHTRSE & KRS (FPEBTER) CAMSRT A MR aTIC5 2 28BN RR 5D TH
X, By (Bs) M0 EIFEAD £,

(3) DA I HEAREN.
Hy:Bs =Ps =0
ZFRE L, (B2 I3AEAKAE 5% T) IREERELZ A TIUITTENT A A aTIilhx

2 BT ORER RS, /N, BTATE TR D EE X ET

SEL ORI

T-A KEOY 2TV R—FX=12H5 [7_1_income.csv] &~ T, AL 170 *—
VTOHTEZI RO ERREZ B CTHZBELTAHAEL X D,

(fREH]
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. regress lincome yeduc female female_yeduc

Source SS df MS
_____________ +______________________________
Model | 856.086525 3 285.362175
Residual | 2899.05329 4282 .677032529
_____________ +______________________________
Total | 3755.13981 4285 .876345347
lincome Coef. Std. Err. t
yeduc | .0240947  .0085334 2.82
female | -2.079202 .192386 -10.81
female_yeduc | .0902285 .0137996 6.54
_cons | 5.346895 .1209202 44.22
. test female female_yeduc
(1) female =0
( 2) female_yeduc = 0
F( 2, 4282) = 565.45
Prob > F = 0.0000

. regress lincome yeduc if female==0

Source SS df MS
_____________ o m m e e oo
Model | 5.39763576 1 5.39763576
Residual | 1205.95084 2148 .561429628
_____________ o m m e e oo
Total | 1211.34848 2149 .563680073

P>|t]|

0.005
0.000
0.000

0.000

Number of obs = 4286
F( 3, 4282) = 421.49
Prob > F = 0.0000
R-squared = 0.2280
Adj R-squared = 0.2274
Root MSE = .82282

[95% Conf. Interval]

_____________ T T S

.0073647 .0408246
-2.456378 -1.702025
.0631742 .1172828
5.109829 5.583962
Number of obs = 2150
F( 1, 2148) = 9.61
Prob > F = 0.0020
R-squared = 0.0045
Adj R-squared = 0.0040
Root MSE = .74929
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lincome Coef. Std. Err. t P>|t]| [95% Conf. Interval]
_____________ oo e o e e e e

yeduc | .0240947 .0077708 3.10 0.002 .0088556 .0393338

_cons | 5.346895 .1101138 48.56 0.000 5.130955 5.562836

. regress lincome yeduc if female==1

Source SS df MS Number of obs = 2136
————————————— e it F( 1, 2134) = 94.83
Model | 75.2380817 1 75.2380817 Prob > F = 0.0000
Residual | 1693.10245 2134 .793393837 R-squared = 0.0425
————————————— R L EEEEEEE L LR Adj R-squared = 0.0421
Total | 1768.34053 2135 .828262543 Root MSE = .89073
lincome Coef. Std. Err. t P>|t]| [95% Conf. Interval]
_____________ T m o e e e e e e e e e =

yeduc | .1143232  .0117398 9.74 0.000 .0913006 .1373458

_cons | 3.267694 .1619845 20.17 ©.000 2.95003 3.585358

T7-B % 6 EOIFEHHTIIE 6-C THEE L 7o BN & 15 O 2 B D BIfRAS, T 2]
THRRDINEIDERRTHELL I REOV =T Y R—-IRX=VIZH D
[7_3_happy_work.csv| (21X 3097 N3 Oi@EFH (commute, HAZIE5y) &I
%9 %02 (happy_work, Niiin» Hiifid £ TD 5 M) OF —Z BIERS TV E
R
(1) o3 20 E L mERF OTT MZBWT, IR /3T7 X 2 — L@ ERei
DIEENRTG A B —=NRB LB TR LERIFET L AZENTHAEL L) (B
b ZMETHT L LD ety I —2% (female) 36 LUV & EIRFH &
DRZHZENEL X D) o
@2 VOERFETNVE, KEOY = TYHR—-b_X=DIlHDT7—FE v b
[7_3_happy_work.csv| ZffioTH#HELE L X 95,
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(3) @ THIE LI-ERIFET VORREM - T, BLMTRIFET VRRLR D0 E
IMERELEL LY (EXhFRELELED)
(4) Bt rhEhicE > T, EEREAR 22 LAEFOMREITIE S22
TL X D7 BYEDEEARL LMEDIEREZRH 2 - T, £hEhoRFEET v

(BT D EERE ORENT A Z —2HE L, MEtAEMEIC OV THHERL

FLXO,

€337

(1) happy_work = B, + f,commute + S,income + Bzyeduc + B, female
+ B85 (commute X female) + B¢ (income X female) + S,(yeduc X female) + U

(2) Stata THOM L7=fERITKD X 512720 97,

e_income

Model | 70.9394375 7 10.1342054

Residual | 3999.80128 3089 1.29485312

_cons | 1.603713  .2009123 7.

Number of obs =

F( 7, 3089)
Prob > F
R-squared

Adj R-squared

98 0.000 1.209777

. regress happy_work commute income yeduc female female_commute female_yeduc femal

3097

= 7.83
= 0.0000

= 0.0174

0.0152

Interval]

-.001577
.0012034
.0530442
1.030786
.0034582
.05061

5.93e-06

_____________ o e e mm
Total | 4070.74072 3096 1.31483873 Root MSE
happy_work | Coef. Std. Err. t P>t [95% Conf.
_______________ o e m e e e e e e
commute | -.0041476 .0013111 -3.16 0.002 -.0067183
income | .0008851 .0001623 5.45 0.000 .0005668
yeduc | .0241805 .0147209 1.64 0.101 -.0046832
female | .3662832 .3389055 1.08 0.280 -.2982198
female_commute | -.0008275 .0021858 -0.38 0.705 -.0051132
female_yeduc | .0007677 .0254203 0.03 0.976 -.0490746
female_income | -.0005877 .0003028 -1.94 0.052 -.0011813

1.997648
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. test female female_commute female_yeduc female_income

(1) female =0
( 2) female_commute = ©
( 3) female_yeduc = ©
( 4) female_income = ©
F( 4, 3089) 5.75
Prob > F 0.0001
ZORER, BYEELMEDRIFET ARFE L Th D & 5 HE R, 7 EKE 5%
THEAISNET, DF 0, B LMEOHEIFET VTR D EHEFHICWRET,

(@) EFFIBMOEARDLZNNTHIFET VEHEE LET, HEMBITLLTO L5124y
ij_o

FPEDIEAR Z i > Tt 2R

. regress happy_work commute income yeduc if female==0

Source | SS df MS Number of obs = 1659
------------- T F( 3, 1655) = 13.59
Model | 53.422757 3 17.8075857 Prob > F = 0.0000
Residual | 2168.85331 1655 1.31048539 R-squared = 0.0240
————————————— e e T Adj R-squared = 0.0223
Total | 2222.27607 1658 1.34033539 Root MSE = 1.1448
happy_work | Coef. Std. Err. t P>|t| [95% Conf. Interval]
_____________ m m e e e e e e e
commute | -.0041476 .0013189 -3.14 0.002 -.0067346 -.0015607
income | .0008851 .0001633 5.42 0.000 .0005648 .0012054
yeduc | .0241805 .0148095 1.63 0.103 -.0048668 .0532278
_cons | 1.603713 .2021214 7.93 0.000 1.207272 2.000153

COHEERRN S, WERFESMOD &, RO EIMEICAREICTRL Z &
WHONY £7,
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WU, TNEDREARD I % fifi > T HEERE FITIRDOEY TY,

. regress happy_work commute income yeduc if female==1
Source SS df MS Number of obs = 1438
------------- m e F( 3, 1434) = 3.05
Model | 11.6925064 3 3.89750214 Prob > F = 0.0276
Residual | 1830.94797 1434 1.27681169 R-squared = 0.0063
————————————— e Adj R-squared = ©0.0043
Total | 1842.64047 1437 1.28228286 Root MSE = 1.13
happy_work | Coef. Std. Err t P>|t]| [95% Conf. Interval]
_____________ @ m o e e e e e
commute | -.0049752 .0017367 -2.86 0.004 -.0083819 -.0015684
income | .0002974 .0002538 1.17 0.241 -.0002004 .0007952
yeduc | .0249482 .0205791 1.21 0.226 -.0154202 .0653167
_cons | 1.969996 .2710227 7.27 0.000 1.438352 2.501639

g

il

ZOHEERER NG, LRI L > TH@ERER2MPOD & ALEF O 2 ITHEHICA B
WIZFRD 2 ERDND £,

7-C % 6 EOFEIHRIE 6-D T, UL (income, HAZITHTH) LCEFHFEE (yeduc)
ERFIEWICH T DX FEENE (minshu) @ B4R % &[5 € 7 /L minshu; = By +
By income; + Byyeduc; + U; Ml > T~ FE Lz, Z OBFMRITARTE & Z LI Clrd i
RHDTL X DD

(1) BIF/NT AL — LRI L OME PO E 3T A 2 =50l & 2 sk T
BRLBEEIFET NV EFNTCAHAEL LS (B b #HEHTHIUT 1 & 722 5%
M4 =25 (city) BROZENEFI, EFFRE ORZEH A NEL &

2)
2 (1) TEWLERETVE, AEOV =TI HR— b=VIildHd
[7_4_minshu.csv] ZfioTHEELEL X 9,

(3) () THERE LI EHEFET L OFEREM - T, FBHES & 2N LS THRIAE AR

B REW FEEIC G Z D BORIFET VNRRLNEIDERELE L

ro (Vb FRRELEL L) o

48




©2015, Ryuichi Tanaka

€::2=30)|
(1) minshu; = B, + f,income; + B,yeduc; + Bscity
+f,(income; X city) + Bs(yeduc; X city) + U;

(2) Stata THOHT LI RIZTKD L 512720 £,

. regress minshu income yeduc city city_income city_yeduc

Source SS df MS Number of obs = 4218
------------- e e F( 5, 4212) = 5.03
Model | 8308.94998 5 1661.79 Prob > F = 0.0001
Residual | 1390662.72 4212 330.166837 R-squared = 0.0059
————————————— e Adj R-squared = 0.0048
Total | 1398971.67 4217 331.745712 Root MSE = 18.17

minshu | Coef. Std. Err. t P> |t [95% Conf. Interval]
_____________ A m o o e e e e e

income | .0038985 .0019409 2.01 0.045 .0000934 .0077036

yeduc | .2197197 .2414717 0.91 0.363 -.2536922 .6931315

city | -5.990619 4.266497 -1.40 0.160 -14.3552 2.373965

city _income | -.0006672 .0024663 -0.27 0.787 -.0055025 .0041681
city yeduc | .3477803  .3113798 1.12 0.264  -.2626883  .9582489
_cons | 40.9451 3.267236  12.53 0.000 34.5396  47.35061

(3) Stata @ [test] =~ F&EHSTFREZITY EIRD L HITHRY £,

. test city city_income city_yeduc

(1) city = o
( 2) city_income = 0

( 3) city _yeduc = 0

F( 3, 4212)
Prob > F = 0.0740
ZDOFREDFERNG, plEIX 74%THDHZ ENbNY E L, ZDOZ L, 5%DAE
BEKETIE TEEGET VI & Z AU TRIC TH D1 & D iR A FERI T

2.31
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XFERHADN, 10%KETHNITFENTEXLZ EE2EBRLTWET,

7-D 175 ~—Y THTEEO B OREZERIZHOWTORFITIX, ENTWEH%
TE S N E D MIEROFTEGE 6 LT+ E LM KGFET L 2 ENbny L
Too TNLSMC G, BEBLMB O T2 &MEE, BO0SEE L% bl & ki) 28mn &
L LNERAL, ZOZEEFRDIOIL, 15O & & RN @ TS T T
WD THIUE L, £ TRIFIE0 & 7254 I —2%4% (mowork15) % BN L 7= &E[A]

JHET IV
work = B, + B, incomeg + f,childug + B3 mowork s + U

EHET LB ET,

1) AKEOY=2THR—F+X—=2I2HD [7 2 work.csv] (21E, 15 mOEHIREEN
TG TEHO W=D THIUL L, £ TRITNIE0 &5 4 I —EHK
(mowork15) HUUERESNTWET, ZOTFT—X kv hEFE-T, ERIFET IV
AHEELEL LI, 153D & SITRBIAEN T MlE, i CE kil
DA HHDTL XL DD

(2) FAEHOSBAL—MEIx U CEEEEREAFE L, o8P —CThd v
IMUEDS & THEA L. (@E D) HEMEREL LKL THEL LD,

[fRZ451]
(1) Stata THOM L7 RITKDO X 512720 97,

. regress work income_s childu6 mowork15
Source | SS df MS Number of obs = 1053
------------- A F( 3, 1049) = 22.85
Model | 15.880939 3 5.29364633 Prob > F = 0.0000
Residual | 243.042138 1049 .231689359 R-squared = 0.0613
————————————— LR E e Adj R-squared = 0.0587
Total | 258.923077 1052 .246124598 Root MSE = .48134
work | Coef. Std. Err t P>t [95% Conf. Interval]
_____________ e e e e e e e
income_s | -.000225 .000062 -3.63 0.000 -.0003467 -.0001032
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childué | -.2048748 .0297838 -6.88 0.000 -.2633174  -.1464322
mowork15 | .124343  .0339083 3.67 ©0.000 .0578073 .1908788
_cons | .6805748  .0442131 15.39 0.000 .5938186 .7673311

= OHEERERA S, moworkls DX /8T A ¥ —DIEEIENET, HAICHAET
%2 ENDNY ET, O Lnb, (15 RORHCEEMC TV b, ST
SCoME FH AEMNDD] LED T ENTEET,

il

(2) Stata CiEfE/IEHEEZHETE T H 720121, BRSO~ ROFE%IZ, robust]
EAHMA £,

. regress work income_s childu6 moworkl5, robust
Linear regression Number of obs = 1053
F( 3, 1049) = 23.38
Prob > F = 0.0000
R-squared = 0.0613
Root MSE = .48134
| Robust
work | Coef. Std. Err t P>t [95% Conf. Interval]
_____________ o oo e e e
income_s | -.000225  .000062  -3.63 0.000  -.0003467 -.0001032
childué | -.2048748 .029725 -6.89 0.000 -.2632021  -.1465475
mowork15 | .124343 .0343364 3.62 0.000 .0569673 .1917188
_cons | .6805748 .0443839 15.33 0.000 .5934835 .7676662

ZOBITIE, B OEMERLE LR E T TOEWISH S 00, EAK
IXIFEA LRI IR > TWE LT,
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F8E IRMFREINE

]

8-1 WOHEIFET NVOBERERIINNEEHTL LS D, ZTREBNELHTL X D
A
(D) (%) = Bo + L (IEFHH) + U
@) (2K = By + By (RBLOESER) + U
3) (HFOWIRE) = o + p CBIIE) + U
(@) (FEORESY I —BH) = Bo + B (ROTTHE) + U

(AREHI]
FARCOEETBNT, BREHAERE T L OFEHU & 65 BT HIUTEI K
AL 70 T, BOREHOS R T L ORGETY & 2 b S OB E b o TN B0 TH
P, BOREHUINAESHE 20 ET, BFTE, ThEROBAIENT, (BEF—
EOTVD L) WAL EZ DR SISV TR LE T

(1) AEnE - ToRESe, SV IR SN IERMEE S 72 PIITE S EFER O
WCHHEIL CW A LitEH A, 20X D 2l AR (BN SV BEM & rpiEh7-
DL LET) BHILGEICIE, BEFFEIINELEIZ>TLENVET,

(2) RBLOELFEIIXBOBR SN2 WVEEN OB S LB L T T, TR 1 & bICER
LTWbET5E, FELOBMSNRWVEENIRBOEFFEHEMHELTLED, £
DFERNEEE 2> THD0E LLERH A, BRI, ZOL 9 REENREE ) O
REFHBE Z T 572012, BFOT —X o725 LH Y £,

(B fEFOmMREL, TOHEENL/LNALIHMEIKFL TV Db LvEtA, £z,
WD = AT, @R D 2 RS TOlBETL 2L b B2 0NET, TOHAIT
X, MEHICEENTWOHEENOELN L WA U T, MBI & RZEHA R L
TLEDY, DEVAELEBLR-THDINb LAEEA (DF Y RELEL AT ADJR
K220 £9), b LEMOFHRPH L0 ThNIE, LEREL LTHIETL Z &iI2koT
ZOWNEMEZERTHNCHIET D Z R TEET

(4) ZOBERIEIZ L - T, ROBERRDZELZ T 5O Thiud (L mORRER),
LD E 5 2 DG HVITROFTE LT 200 LVERA,
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82 I H—FHRREM S THEOIIEREZHEE LIV O TR, EFFEMNEH T
TAVERNEZE U CEAEEEMHBE L TS ARENEN H D DT, BEEEEES 2 &
EEZTONET, BIEEBOBERME LT, LTOEKEE X TOETR, T ITHRE
EEE LTHEYITL X 90 ENENOEEICONT, BHICEmLTAEL X I,
(1) REHOEREK
(2) ARIOIELFED 50 H TOJETE
(3) BUEMEA TV DB OHL B
(4) 15D & EIEA TW ST OHS AT

(fRZH]
ZNENDHEITHONT, BELKL LTowYE, 2FD

O WAELEL (R HELTHD,
@ BAEEEERIIAELE (BIFET IV OMGEHE EFR L Ty 2,

D2 RIZHONWTEZTAHAEL XD,

U)ﬁﬁ@%ﬁﬁ%wk FEHLORRELEL RDHMEMNH SO T, OIS Tnbd XK
HbnEd, @QIzonTix, M 81 @ TR-L I, BN RWEEN R
ﬁﬂ%f%&%:ﬁ&dﬂﬂAé&#é&,&Hﬂgﬁ?iﬁbﬁhdéﬂﬁwiﬁ}

(2) ZHTDOFHILT D 50 & TONAFE L EFFELOMNIL, BfR13H D X 5 ITE L 20T,
ﬁ%%@®£#®ﬁﬁténfwﬁw®fi&mﬂk@bMiﬁo®_ow1m,%%
DI & PG o BRIC OV T L 2D B 2B R R & 5 K 5 i3 b o T,
Wl-shTnseBExonET,

B) BAEEEDEHDIZ SN T, HEFEORERHIHTTRUL K E WIE ERERSLKFENZ <
HY, WFEEHMIL 25720, EFFRE S MTBBIITEOFHBRFRRH 5 X 9 IR
PIET, BAEEROEMQIZOWTIE, BUEOREHIINT L HEFRERFO SO &
[T EIFRS T, @FREE I ERETICBET 2EHARH Y, 2 ORETEEE OFE
IEmWMER 235 % DT, WAEZBOSRWLED & BbhvE T,

(@) BEEHOBEHDOIZ W T, EFZOWRERHIHE TN K E VT EERSORFENE L
SV, BEEHMEL 257280, EFFELEBTHRAIIZIEOMHBEBRR H 5 X 5 I2-
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DILvET, BAELEOBEMHF@IZHOWTIE, 15 RO JEEIIBINIEL T d b
57280, +EHOFEOREERZE O OIZEENLEE TG 2200 LIV WO T,
2SN TWDENs LVEF A, 72720, REHICHET 2 & 2@ A ZBITBI S s
FEANELS, ZARFELORNICEBLBELTWEZD35L, ZORY TIEHY THA,

SREL ORI

8-A #18.1 (197 ~—) ITHTEXHEDIGSROHETH 2, KAEDOD = 7HR—
=2 H % I8 income.csv] Zf->THER L CHAEL X 9,

(EH] A%

8-B 8.4 (207 ~—2) THRIZHE OISR OEAFELEIEIT X DHEE TIX, EFHEEK
DWNAEMZ BB T 2 72 DICRBLOMEFHEL & Wb R A B e LTV E L
oo REOY 2TV R— =D T—Ft > b [8 income.csv] 1ZI%, FEEHO
B8 (moyedue) HINEES L TWET,

(1) RBOEZREL L BRI 2 T, FEROEFER L BEER L LT - T
2 Bl 2 IE CHBE DI FEAMHEL THEL X 9,

(2) (1) OEAEEEITINA T, AENA BEIELHE LTESTAHD L, BHEOILE
BOHEEMIZED X 2B L ET D,

[figZAi]
(1) Stata Zff > CTHEE L7ZFERIZRDO L H 12720 £,

. ivregress 2sls lincome (yeduc=payeduc moyeduc sibs) exper exper2
Instrumental variables (2SLS) regression Number of obs = 734
Wald chi2(3) = 69.74
Prob > chi2 = 0.0000
R-squared = 0.2422
Root MSE = .30972
lincome Coef. Std. Err. z P>|z]| [95% Conf. Interval]
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_____________ o o m o o oo oo e e
yeduc | .0685564  .0211268 3.25 ©0.001 .0271487 .1099641
exper | .0612705  .0160012 3.83 0.000 .0299087 .0926322
exper2 | -.0010616 .0006044 -1.76 0.079 -.0022463 .000123
_cons | 4.543446  .3197084 14.21 0.000 3.916829 5.170063

Instrumented: yeduc

Instruments: exper exper2 payeduc moyeduc sibs

HEERRN D, B OBRER e BIEASE L TEINLTY, KEOEFEFEL L LS
IR AR 2 BRAF S & U TAT - C B MR/ 2 RIE TR ON TR R L RELITLEDY 4
AT LT, 2B, HBOEFFEENFEbDEFFHLMEL T LENETDITIE,
%1 B HOHEERRE ATbry £4, HECHW =~ Fo—&REZIZ, T,
first) 2B % &, ETRZ 2 B H OHETHIROFNS, —BbEH OHETEHE R 2 &K
ALTSNET,

First-stage regressions
Number of obs = 734
F( 5, 728) = 54.15
Prob > F = 0.0000
R-squared = 0.2711
Adj R-squared = 0.2661
Root MSE = 1.7543
yeduc | Coef. Std. Err. t P>|t]| [95% Conf. Interval]
_____________ o o e e e
exper | .1527395 .0869367 1.76 0.079 -.0179371 .3234162
exper2 | -.0107426 .0029764 -3.61 ©0.000 -.016586 -.0048992
payeduc | .1655239 .0334356 4.95 0.000 .0998821 .2311657
moyeduc | .0891105 .0450941 1.98 0.049 . 0005806 .1776405
sibs | -.2345904 .0805249 -2.91 ©0.004 -.3926791 -.0765017
_cons | 11.72137 .7638968 15.34 0.000 10.22166 13.22107

ZDORERDD, REROBEEFERIIA L DEFZFHEIED, 5% DA FAKETHEHIC
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bABREMRN DD Z LPHERTEETOT, BELBOEMED S bO—2 Tk L
Bl 72 SN TN Z &Y £77,

(2) Stata Zfli> TH—BRE & _BREORIFET V2 HE L7 RITRO & 91270 £,

. ivregress 2sls lincome (yeduc=payeduc moyeduc sibs mbirth) exper exper2, first
First-stage regressions
Number of obs = 734
F( 6, 727) = 45.16
Prob > F = 0.0000
R-squared = 0.2715
Adj R-squared = 0.2655
Root MSE = 1.7550
yeduc | Coef. Std. Err. t P>|t]| [95% Conf. Interval]
_____________ T m o e e e e e e e
exper | .1493101  .0871183 1.71 0.087 -.0217234 .3203437
exper2 | -.0106342 .0029819 -3.57 ©.000 -.0164883 -.00478
payeduc | .1667067  .0334943 4.98 0.000 .1009497 .2324637
moyeduc | .0863505 .0452968 1.91 0.057 -.0025776 .1752786
sibs | -.2324421 .0806182 -2.88 0.004 -.3907145 -.0741698
mbirth | .0124357 .0184644 0.67 0.501 -.0238142 .0486856
_cons | 11.68161 .7664605 15.24 ©0.000 10.17687 13.18635
Instrumental variables (2SLS) regression Number of obs = 734
Wald chi2(3) = 70.65
Prob > chi2 = ©0.0000
R-squared = 0.2438
Root MSE = .30937
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lincome Coef. Std. Err. z P>|z| [95% Conf. Interval]
_____________ e o o e e e e e

yeduc | .0707394 .021035 3.36 0.001 .0295115 .1119673

exper | .0607683 .0159786 3.80 0.000 .0294508 .0920859

exper2 | -.0010295 .0006032 -1.71 ©0.088 -.0022119 .0001528

_cons | 4.512304  .3184353 14.17 ©0.000 3.888182 5.136425

Instrumented: yeduc

Instruments: exper exper2 payeduc moyeduc sibs mbirth

F9, 1 EREHOHEHREND, AFNH O L EFFEOMICITMEHNICHE
BIRN 2N Z &30 £9 (pIHIF 50.1%) DT, #HIELRL L TOEMFINwZ LT
WRWZ ERDND ET, LR s, KROEFFES B & v o 7% Ofh
DEAFER A RIRFIZEE > TW D728, HEEINTERERIL, AENH 2 8IEEHE LTH
WRWIFDH D & RE TR > TV ER A,

57



©2015, Ryuichi Tanaka

E£ITE JRIL - T—IDI

]

O-1 A TR I I BGERIC X A MERE T, PR iofl (FH/m?)
NI UHFIGORBRRETEHTRD L7 -72 L LET,

TIBIEH 5EL TIWNEBIEH SE
ERAE 480 700

EOEOHEEZF-> T, IINBIGEZICI - FEIZENTZ T nERD E
LXo,

(fEH]
= LG RERAT & % O PR R B OMMOZ L E, T ILEGOM < L < THER
LEY, TOEDEEZRDD &,

(520 — 480) — (800 — 700) = 40 — 100 = —60

L7200, TIPSR L HHUN D FHESIT 1 dd72h 6 THIE-72Z L3 ph 0 £,

O-2 AKX 218 X—T TN LT 270D TIE, A2 RRY 7T T 1973 bk
F oA 7 LA (INPRES) /IWNEKRER 7 0 7T AN E T2 b OEFAERIZENT
FOEEL G X T-OPREmINTWET, 2TOFKREHFR T 77 ML, b lomt
OB HIE S B AR A R L2 T, SRR A AT T e & =
I TRWVHIK OB R 2 i3 2 &, PIRERDE AT O - OIE 5 At Eg
FERVWEHAAH Y 9, ZORR, EFFERSEWEANH Y 7,

TR T 0 7T ANME S T-DIX 1973 - TT DT, 1974 FIZ 2N D 6 3%75 o
TFELTHIEFT e s T AORBELZZITETH, 12 b 17T o FEBIFTT
(/NP A 2R %Lfmé@f7u77A@%@iﬁfiﬁh F72, 1973 FLIATORE

FEREE LT , RO EOWHE A SIRWHUR B 0 2 D125 8, bEbEEE

$@ﬁwmmim%&@wm CHEERESNTZOT, MK BiXT e ST AORE AL

ZAT T L 720, M A 1T 0 7T DO R B E VTR o T IR E 72 ) F T,

1974 4E RS OAER & R HU COME L7z 4 D 7 Lb— T DS I G2 & 3R
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T5HE, DX HITHR>TWE LT,

Mg A S B
1974 FIT 2 mH 5 6% 9.76 8.49

1974 Fic12mhs 17w 940 8.02

NERIER T 0 7 T AT, B TR X BT L E 9

[#7Z)

1974 FFIZ 2 WD 6 WIZ ST N2 BlE, FRER T v 7T LAOEE L= T - T,
1974 FEIZ 12 3% 5 1T W72 5 1o N BIXE OB E Z I TR T, £70, Hugk A
TR T 0 7T LDEBELEHE D ZIT TRV TH Y, il B 1357 E®R 70
T LADOEBE R 2T TRk 0 F9, M A ISEA TV T A x ZRPRREE, ik B 1o fE
AT N2 ZALEREE L, 1974 12 2 0D 6 w2 o 7= HRIIBOR FEMitk, 12 %0 b
17 W7o T RITEOR ERiRT & B 2 5 &, ZOZEOHERIC X 2BIRMEOHEEMITKRD
Eoc7 £9,

(8.49 —8.02) — (9.76 —9.40) = 0.47 — 0.36 = 0.11

OFEY, FRERT 0T T AORBETEFELL011E (1.3 7 H) M2 L3bh £
R

O-3 Y, =By + BuT; + By AFTER, + Bs(T; X AFTER,) + Uy & JAT b, B DIEE 9-2 ©
RO/ 2FEHEE BN ZOEZOWHERLE TSR CIZRD I EA2MHERLEL X 9,

[#2ZH1]
T =0,AFTER=0D & X, [EIFETMZY, = By + Uy 272D DT, LoD/ 2 FeHeEM
LT = 0,AFTER = 0D 7 )V—T" DYDY Yoo ELET) 720 F 9,
[FERIC, T=1,AFTER =00 L &, BRET/VIEY; = By + B1+ Uy &7RDDT, Bo+ By
D/ 2 FHEEEIAT = 1, AFTER = 0D 7 —7 DY (Yo & LET) OFEH LR 3,
[FERIC, T=0,AFTER =10 L &, [IFET /LY, = Bo + Bo+ Uy &2 DT, B+ B
D/ 2 FHEEMIIT = 0,AFTER = 1D 7 NV —T DY O (Y, & LET) &0 £,
B, T=1L,AFTER=10 L%, [EUFET VLY, = Bo + i+ Bo+ B3+ U 725D
T, Bo + B1+ B+ Bz DE/N 2 FHEEEILT = 0,AFTER = 1O 7 V—T7D Y O (Y, &
LET) &720 F7,
UbaEedd e, Bo=Yo, Po+ Pr="Y10, Bo+ B2 =Yo1, Bo + Pr+ Bo+ B3 =V, & 72
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D ET, ZEOEOHEERIT(V ), — Yig) — Vo1 — Yoo) 2D T, ZHIZRATS L,
(Y11 — Y10) = Yo1 = Yoo) = [Bo + B+ Ba+ Bs— (Bo+ Bl — (Bo + B2 — Bo) = B

2720 £97,

SREL ORI

O-A 5119.1 (224 ~—) THRIZATEEE &L MEABOBERIZONT, 5D LI
THFELED, =Xy b (9.1 cig xt.csv] ([ZIFATHS (income, HAZIZHH) b
RSN TWET, a2 A &L L GEML T, ATEOTEENBEARI 5 2 55
BEMEE L CAELL I,

(FRE 5]
Stata & & DHEERIRIZIKODO XL 512720 £,
. regress d_ncig d_life d_income, noconstant
Source SS df MS Number of obs = 3022
------------- o F( 2, 3020) = 15.39
Model | 865.884277 2 432.942139 Prob > F = 0.0000
Residual | 84935.4907 3020 28.1243347 R-squared = 0.0101
————————————— L L LT LT Adj R-squared = 0.0094
Total | 85801.375 3022 28.3922485 Root MSE = 5.3032
d_ncig | Coef. Std. Err t P> |t [95% Conf. Interval]
_____________ o o o e e e
d_life | -.3006544 .1094783 -2.75 0.006 -.5153139 -.0859948
d_income | .0031436 .0006431 4.89 0.000 .0018828 .0044045

ZOHEERE RO LY, AIEONEEDOEAL ORI T A X —OREEEITA TR
WCHEEICRVELE, ZoZEns, WEREL L THELEMLIZELTYH, £EED
RN BN D & BRSNS Z &b £,
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O-B #19.2 (227 _—) TRIZFR & ATE O E DRI OWT, KEDO Y =7
R—FIX=UNZHDT—%t> b 19 2 life xt.csv] Zffi-o THRERELZMRL TAE
Lk,

(BEF]  H0%.
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FI08E IVFUIE

]

10-1 6 ADEEFFERE, 15O L SITRERAMEL TWehE s hafli~icl 25,
UTOERDE IR LT,

eem TIORR ot
10 1 0.7
9 0 0.7
12 1 05
”””” 0 0 05
’’’’’ 6 0 02
”””” 8 0 02

B OBETTFELDEFERICED L S REBEZEZTWADTL X 9D,

(1) REBDSBEEE L TW e Ax OFEEEFEE L BBBABE L TWisho e Ax DER
LEHBLTAELLE Y, EHLDINV—TDFEHEFLELENEL o TWET
D

(2) 15 WIS TOED LIAEREFITS & W o Im FREBRBEIC B9 2 B85 % > CTRESL
WERETDMAA T ZHET DL, BOIFIHOL IRV LT, HmA=
TR A2 DIEFERZ IR L CAEL X9, BEEROBRETTELDOBEREK
WCEDE I R BEEEZ TNDEZZDHTLE IDN

G337
(1) FBlOBE L Tz AOEREZRFRIT,
o+12_
=

ROTILFIL R > TWET, RO L TR I BB AR,
9+10+ 16+ 18
4
L7280, 1325 TR TVWET DT, RBLOBFEL TR oTc A2 DJ5hs, REBLO
BFEL TWIZAL L0 HEHEFFRIIRN L300 £,

=13.25
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(2) BMAaT 0.7 D2 NEHAD L, BBINSHEL TWEADENRE I TRWVWALD S
1 FEFHEENEL o T Z e £3, [FEkIZ, A2 72 0.5 D 2 A&
HARTHTYH, BBRBMEL TWEADHTNRE D TRWVWALD & 2HFEFFEENE L
STWEZ ENDLNYET, ZhODZ E0D, BEEMBBET S &V ) ERZFEHN
27 DR CANx OIS, Z ORI TIFREROBEIL T £ b OBEFHFEITEDOREL
B2 Qg mme L CnET,

SSEL ORI

10-A HEIOBENBEEOBOBIERIICHE I L ELHREL L) AFEO Y = 7Y
A=+ R=VIZH DT —HE > k [10_2_work.csv] ([ZIZREES M 1132 ADT — & )3
PgEShTVES, 2OT7T—=F Ty MIUFBEREL TWIUT L, £ 9 TRTF0 &
IRORFES I A (work) ZIIU®, 150 & S ITRBIABEL WL 1, £
TRITT 0 &2 DR8I I —2% (mowork15), FMEEOFE (mocograd 35 &
W pacograd), BIL OV 15EREROED L (lifels) RF¥ERKAE (academicls), F
FEDEES (booksl5) NEENTUWET,

(1) BB ¥EY I —2% (moworkl5) ZREH O (mocograd 3 LY
pacograd) , 15 EHRFADEDL LE (lifels) , FFEAME (academicls) , F
JEDEES (booksls) IZ[ENFT HMMERET LV AHEE L, ZOTRIME (R
WEEFEL T A 27 (score) ) ZRIAELEL X 9,

(2) fEmA2=7A (0,0.65) , (0.65,0.7) , (0.7,0.74) , (0.74,0.78) ,
(0.78,0.82) , (0.82,1) ODWFNNLRDHEANSRD 6 DD I N—TF %A
D, TNENDT V=TI LT, BEBHELTNZALEZ) TRVALXD
BIEOBEERREGZHE LT, WL TAEL X9, BBOBIEL, BEEORD
BEEBPUC B L 52 TV E T,

(3) BUEDRHESX I —2# (work) ZREBIOBZES I —24 (moworkl5) & fE#H[f] A
27 (score) \Z[EVF LT, RERBEESY I —ZEHOBENT A X —ZHEL THE
Lxo, HmAaTZE0RWEAEOME LR LT, EOX)REVAR LN
ESSRV/AN

[fREH]
(1) Stata &1 > THIBHERET VAHETE L2 RIIR DO X 912720 £9°,

regress moworkl5 mocograd pacograd lifel5 academicl5 books15
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Source SS df MS Number of obs = 1132
------------- i F( 5, 1126) = 6.35
Model | 5.92641325 5 1.18528265 Prob > F = 0.0000
Residual | 210.26705 1126 .186738055 R-squared = 0.0274
————————————— e e T Adj R-squared = 0.0231
Total | 216.193463 1131 .191152487 Root MSE = .43213
mowork15 | Coef. Std. Err. t P>|t]| [95% Conf. Interval]
_____________ o o e e e
mocograd | .0737983 .0701761 1.5 0.293 -.0638923 .2114889
pacograd | -.1056511 .8357027  -2.96 ©.003  -.1757025 -.0355998
lifel5 | -.0284479 .0170811 -1.67 0.096 -.0619622 .0050665
academicl5 | -.0022165 .0120106 -0.18 0.854 -.0257822 .0213492
books15 | -.0214158 .0059494 -3.60 0.000 -.033089 -.0097427
_cons | .9057155 .0468994 19.31 ©.000 .8136956 .9977355

HI 2 a7 23 ET 5720100, ZOHEER R ZH - T, AR O TiToEz
HETIIZRWTY, Stata TIZZ OHEEDEZIC Tpredict CHILWERAL) ] Ldh
I, YTEDMEAH LWARTOERE LT —Zty MBMUL T EST, 22T
HLWEHAL % Tscore] & L THMATT ZE->THEL X9, Stata (2 predict
score] &#EL L,

predict score

(option xb assumed; fitted values)

LFREN, T—%E Y M score EWVHLABIOMEMA 2 7T BERENE T,

(2 (@) TEHELMEMA 27 OB Z RS L, ROKHITRY £,

. summarize score

Variable | Obs Mean Std. Dev. Min Max
_____________ e e .
score | 1132 .7429329 .0723877 .527496 .9057155
ZDOEND, AT OR/IMEIT 0.4848947, KM 0.9128741 THH Z &b
MO ET, ZThHo 1132 NE, A7 ORI ATZHD 6 2O 7 ) —F2551) THh
FLLD, TITTD6ODTN—T Do HIZFHIERIT VWO TTR, —DOHE
ELT, TNENDOITN—T1ZEEND NOEN 100 A& FlES 720X 512, (0,0.65),
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(0.65, 0.7), (0.7, 0.74), (0.74, 0.78), (0.78, 0.82), (0.82, DE L TH Y £9°,

B Z 13, B2 27 OfEH 0.65 RO A& ITHOWT, REHOGIEIREE = & 05t ¥
BIEEFETLERD I IR 9,

BB L T e ol A&

. summarize work if moworkl5==0 & score<.65

Variable | Obs Mean Std. Dev. Min Max
_____________ +________________________________________________________
work | 55 .5090909 .504525 0 1
R E L T o A%
. summarize work if moworkl5==1 & score<.65
Variable | Obs Mean Std. Dev Min Max
_____________ +________________________________________________________
work | 76 .6052632 .4920419 0 1

ZD 2 SOBEEIG OIS, REEOBEOMHET A 2T DY 0.65 Al D N2 1%, £
BINHEL QW ENRZE D Thhr-o2GA8 L0 bR ITE <, £D#130.60526 —
0.50909 = 0.096177- 1T Ehr - 7= Z &3y £97,

7B, ZOEFTROBEIFET VEHE LT, REBELESY I —EBORENT A 2 —
DHEEME L LTHROD ZENTEET,

. regress work moworkl5 if score<.65

Source | SS df MS Number of obs = 131
------------- T F( 1, 129) =  1.19
Model | .295124 1 .295124 Prob > F = 0.2767
Residual | 31.9033493 129 .247312785 R-squared = 0.0092

————————————— e L e Adj R-squared = 0.0015

Total | 32.1984733 130 .247680564 Root MSE = .49731

work | Coef. Std. Err. t P>|t] [95% Conf. Interval]
_____________ +________________________________________________________________
mowork15 | .0961722 .0880381 1.09 0.277 -.0780133 .2703578
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_cons |  .5090909  .0670567 7.59 0.000 .3764177  .6417642

> 7 —IZB L THRBRICHERI G DAEZ I L TE L Db DR ROERITR
@i‘a—o

(0.74,0.78) | (0.78,0.82) | (0.82,1)

fm==7 | (0,0.65) | (0.65,0.7) | (0.7,0.74)
0.1543903 | —0.0648439 | 0.102657

BEEIG D7 | 0.09617 | 0.1453808 | 0.0192513

DX BEODTN—TIZEBNT, 15 R RER S E L WO = BEES £ ME D 53,
BN EL TR olz A2 L0 b BIEORERENEL o TNDL I LXMDY
ij‘o

(3) Stata #fE~> T, fHEI A 2T 2 EORWEA EEOELEAOHERIIIZTNENKRD X

T2 F9,

a2 =2 7 2l L WEa

. regress work moworkl15

Source | SS df MS Number of obs = 1132
------------- e F( 1, 1130) =  5.86
Model | 1.44371394 1 1.44371394 Prob > F = 0.0157
Residual | 278.481198 1130 .246443538 R-squared = 0.0052
————————————— e Adj R-squared = 0.0043

.49643

Total | 279.924912 1131 .247502132 Root MSE

work | Coef. Std. Err. t P>|t] [95% Conf. Interval]

_____________ e .
mowork15 | .0817183 .0337627 2.42 0.016 .0154736 .147963
_cons | .4914089 .0291013 16.89 0.000 .4343103 .5485076

a2 =27 269 555

regress work moworkl5 score

MS Number of obs = 1132

Source SS df
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------------- e F( 2, 1129) =  3.50
Model | 1.7268664 2 .863433199 Prob > F = 0.0304
Residual | 278.198045 1129 .246411023 R-squared = 0.0062
————————————— e T Adj R-squared = 0.0044
Total | 279.924912 1131 .247502132 Root MSE = .4964

work | Coef. Std. Err. t P>|t]| [95% Conf. Interval]
_____________ S m o oo e e eeeeeeao

mowork15 | .0756426 .034233 2.21 0.027 .0084752 .1428099

score | .2216409 .2067616 1.07 0.284 -.1840392 .627321

_cons | .3312585 .1522067 2.18 0.030 .0326188 .6298982

:ﬂ%@%iﬁ%#a,@WZHT%ﬁw@m%ngw%ﬁmflﬁ@%%bfu
, BAEDOBRIEMER DK 8.2%m < 72 HMAHIC b ARG b £, £72, H
WXn7%awt AT, 15 MR TRBISImEL TV D &, BEOREMREIK
7.6%E < I DA O AR RGN H L Z NN £3, ZNHD ZOOfRERNG,
A 27 2 ZE LRV ERBTHRIGHIEN TV RS2 b TEETR, 20
ZXbFEVRERLOTEDY EHATLE, ZOZ &I, Z2OHOBEFET MZEBD
T A 27 O E ST 2 X —OHEEFEITHAHPICHE TIERNWE WD 2 & LS
MWWz ET,
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FUNE OERERTY1>

SREL ORI

~YFa—ky YV TERY: (MIT) ORFFEHOT 7 U Z K (Joshua Angrist) #i%
DY = 7H% A~ (http://economics.mit.edu/faculty/angrist) T, [Data and
Programs] — [Angrist Data Archive] &SH#EATWo7X—TITIE, I THITLE
Angrist and Levy (1999) THWoH 727 —4 (Stata H) &, GCHIcdH D EA1ER
TLDIME NIz Stata DT 1T T LT 7 A (do 77 AN) HgfiSh THET (do
T 7 ANDENTIZONTE, Y7 h 2T OBFEEL LTRALTND DR ED
Tz 7Y AR N TU BB LT EEN),

BRETIE, 77 VAN VT4 DERR LT —% & Stata Hl do 7 7 A L&A~ T,
Joshua D. Angrist and Victor Lavy “Using Maimonides' Rule to Estimate the Effect of Class Size on
Scholastic Achievement,” Quarterly Journal of Economics, 114 (2): 533-575, 1999, & H% {8
THFIEEZENLE LT, A—AX—IF, ZOFIETEEL L7 Stata D do 7 7
AN (R2EERIH) BnHYET,

ZITE, T VANE VT 4 DT =2 &Moo T, IRER CHEER R A/ D 20D LY
i a7 7 LN LET, A—bX—=UnbF v a— K C& % Stata fldo 7 7 A /L

[11_1_ex.do] 1%, /NFEBSFEDT —H 2flioT, K2BLVK4DHEREHELTHEHD
T (FFHERENETRRDZ DI, SHREICHWL 70 7T AN ETED 72D TR, K&k
ZIXHYEREA), TarTAFRVa A ML () TARTHY £7,

===7GT.2 y?A: :z))%:::
* Estimation Code for Angrist and Lavy (1999)
* November 1st, 2015

* Ryuichi Tanaka (University of Tokyo)

clear (T TICHHPAATHDLT—FZHIBRLET)
use final5.dta (NFSHEADT —H EHIIAHZRET, HOHHL®H finals.dtazx ZDdo 77 ALk
—FEIZCR L7 ANV FIZANTEE, O 74/ %% lworking directory] IZLTHEBWNWTLZEL,)

* clearning data (F—#&#EHE L £9)
replace avgverb= avgverb-100 if avgverb>100

replace avgmath= avgmath-100 if avgmath>100
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replace avgverb=. if verbsize==0
replace avgmath=. if mathsize==0
keep if 1<classize & classize<45 & c_size>5

generate c_size2= (c_sizen2)/100 (—FHEAMEHD 2 FOHEEIEY £7,)

* predicted class size
generate funcl= c_size/(int((c_size-1)/40)+1) (—ZAEDAEEL NS TSN D EMARREE
VET,)

* generate discontinuity sample (+-5) (REFRORFIHE 5 NDOT —F DIHEE ST 3HTITHE W E
T BHdisc|3F I LT, —FHEOEERPNER RO 5 AR 1 L2 £T,)
generate disc= (c_size>=36 & c_size<=45) | (c_size>=76 & c_size<=85) | (c_size>=116 &

c_size<=125)

* generate trend (b LY FIEZ/EYD £97,)

generate trend= c_size if c_size>=0 & c_size<=40

replace trend= 20+(c_size/2) if c_size>=41 & c_size<=80
replace trend= (100/3)+(c_size/3) if c_size>=81 & c_size<=120

replace trend= (130/3)+(c_size/4) if c_size>=121 & c_size<=160

keep avgverb avgmath classize tipuach trend funcl disc schlcode c_size c_size2  (Z#fT
(il O ZBBDOBEIR LT, EDRWEKET =2y MrLHIRLEY, ZOROHSITICHEITLRVOT,
HIlER L 72 < THRLK TS )

(ZZTlabel 2~y R&flio TEKOHMMHZIBRLLET, ZOROHITTITZEIH Y T A)
label variable classize "class size"
label variable c_size "enrollment"
label variable c_size2 "c_size™2"
label variable tipuach "share of students from disadvantaged household"
label variable funcl "predicted class size"
label variable trend "trend"

"

label variable disc "=1 for discontinuity sample"

* Table 2 (E2 DEEAFHHE L ET,)
* verbal (FEfE/))

summarize avgverb avgmath (Fif/) & HE D7 T AL RORBKF 23R LET)
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regress avgverb classize, cluster(schlcode) (FifE)1D 7 T A ¥ % FMAELTIC BT 5 H
EUFET N 2R/ 2 BIETHET LET, &#%D lcluster(schlcode)] 1%, [Fl—ZHHN CradzEE N FHEI L
TWTHEBRIEERELZHAT 2720047 v ara~vr FTY.)

regress avgverb classize tipuach, cluster(schlcode) (&L L CTERNFRELRZBML T
IHTEATNET,)

regress avgverb classize tipuach c_size, cluster(schlcode) GEE®EELTEIHIZML Y RIF

ZBIMLUTONEITNET,)

* mathematics (H%)
regress avgmath classize, cluster(schlcode)
regress avgmath classize tipuach, cluster(schlcode)

regress avgmath classize tipuach c_size, cluster(schlcode)

* Table 4 (% 4)

* verbal (FEfi%)7)

(FEBROARAEFLIT LT, PRIND AR ERZBRIEER L+ 5 2 Bk 2 RIETHEZ{T> T
Wk, ERE L TARNFELREZZD TOVET,)

ivregress 2sls avgverb (classize=funcl) tipuach, cluster(schlcode)

ivregress 2sls avgverb (classize=funcl) tipuach c_size, cluster(schlcode) (—Z4EAfE%EK
AL L TEMLTWET,)

ivregress 2sls avgverb (classize=funcl) tipuach c_size c_size2, cluster(schlcode) (—
AR 2 REAZMERL LTBEMLTHET,)

ivregress 2sls avgverb (classize=funcl) trend, cluster(schlcode) (FHER/RELT, Py
RIHD B W HEEZ TV ET,)

ivregress 2sls avgverb (classize=funcl) tipuach if disc==1, cluster(schlcode) (AS:Efis
DRI 5 NDOT =5 OBz fli> THEE L TV ESL)

ivregress 2sls avgverb (classize=funcl) tipuach c_size if disc==1, cluster(schlcode) 1~

R OR% 5 ADT —Z DI Ff- THEE L TWET,)

* mathematics (5%

ivregress 2sls avgmath (classize=funcl) tipuach, cluster(schlcode)

ivregress 2sls avgmath (classize=funcl) tipuach c_size, cluster(schlcode)
ivregress 2sls avgmath (classize=funcl) tipuach c_size c_size2, cluster(schlcode)
ivregress 2sls avgmath (classize=funcl) trend, cluster(schlcode)

ivregress 2sls avgmath (classize=funcl) tipuach if disc==1, cluster(schlcode)
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ivregress 2sls avgmath (classize=funcl) tipuach c_size if disc==1, cluster(schlcode)

=== 0 ST L ZE Tamn
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