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1.1 FAIREMIERI R R R

Bl: € BB 5 Bl K (returns to schooling) Y K 2%

InW. =a+ BS; +¢

Hrr, InW (CHEXH)N “HiEBEE=E" (dependent variable),
S(HBEMR)N “fBA8 & " (explanatory variable, regressor), &
NCFENLELBN I (stochastic disturbance)sl,“ i Z= 1l ” (error term);
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EHEXEZ AT . AENEBRREE 7R IRIER

M LA R e T se s TR, Blbiafe. N
(671N T

DR A ReZ 5| N “4%H#]22 & ” (control variables), EZ Jt[nl)d
W71, A ReEmfh 1T “ BRI 240 ” (parameters of interest),
R A 1) 2808 B RIHR B



Pl o R s pd e AR By A, Bl “RJRAE & (omitted
variables), #RHANAFEHLELSN I & H

IR R H SR A A

InW, =a+ BS, +yS; +¢
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“The devil is in the details.” = “The devil is in the error term.”

HHRZ RS L2 AT BN,

1.2 S5 EERR R 5 RE

22 ot Il VAR B AR ISR “ 2 M 8258 7 (controlled
experiment), AL GFEHE — AR “LIREHE” (experimental
data), M2 HRKER “WMEHE” (observational data).

BT NTARIBENLYE, A5 RN B AR &



ABHEY, AR BB E-LARMALR . b2 1 (fixed

Iregressors) o

XA RAAR LR EZ T WER R E Oy ARBERL, WITCiA
% JE A 5 BN A R

EARWFTERIE T, FraZmale L (RIEARREHLR 2L
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ZPr BRI AR, A REr R =MRE.

® 7 B2 [ 24 (cross-sectional data, fRIFRE(IZTE): 2 1MEHFD
PR )2 e 7E [ — B S B EUE . bban, 2012 FEpE&E R
GDP.

® I [5] /7 4| Z 45 (time series data): AN GF MR AR s AEANH]
S EEUE . b, 7E 1978—2012 4F 11 KA F4ER GDP.

® (MR & HE (panel data): £/ NEFFMERIZE =N FF A ET
BUfE . Eeln, fF 1978—2012 4F 7 [E &4 41 GDP.
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W|3E  JNEA OLS

3.1 R R IRAR R E

“H¢/N " R¥E” (Ordinary Least Square, OLS)s& F— 22 (]
IHFE R B I AR A T 7V “ i d 2 M Rl IHFE A (Classical Linear
Regression Model) R E W T -

BE 3.1 212 (linearity). A% (population)f& Y A

Vi =Bxg+ Poxpy ot Byxy & (i=1---, n)



n NEARRE, METEx, MNE— D TMRRRFHADMNE,
AR IR E MR Ek=1,-, K)o

WA W, H s NRMRE, Rlx, =1, Vi
BBy B NFFANZ 20, BN “ I3 R E” (regression

coefficients).
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Ox;)

ZEAEAR B2 3 X, Ky, BT BRGNS, Eh i

:ﬂlo

WL ID RN FTAR, A IS T T (x2) B A X H B (x,,x,, ) o



ke, Vi =Bixy tt B Xig +yxp X, T &

e, 5y, PR e D _ g 4

Ox;;

HESER IR A AR A TR E R, MIHOR I 2 ZRPERCE -

AR ALK “ 3 A2 i FE 7 (Data Generating Process, DGP).

IS Z/I\XJI_L[{)H\UéﬁEFE%ij = (X Xy X)) B=(B By By)s i

vi=x;B+e (=1--n)
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32| X &)
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V> X, &)
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!

;’E)‘(y;(yl ¥, ...yn)" ;J&EI:E%EIKQXE()Q X, ...xn)" 85(81 &, ...gn)r’
o

y=Xp+¢

@ The linearity assumption is on the parameters, i.e. as long as we can
write the model in terms of linear combinations of the 3, we could use
this framework. Thus it is not quite so restrictive as it might seem.



The Classical Linear Regression Assumptions 1. Linearity

@ For example, the model
y = AzPe (7)

meets the linearity assumption because taking the log of both sides
reveals

In(y) = o+ Bin(z) + € (8)

@ The most important implication of the linearity assumption is that the
marginal effects (the 3 parameters) are constant and do not depend
on the x variables.
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The Classical Linear Regression Assumptions 1. Linearity

Linearity: examples

o Let's look at some examples.

@ Consider the simple consumption function
CON; =1+ B2YD; + ¢ (9)

where CON is consumption and Y D is disposable income. The unit
of observation 7 can be an individual household, or it can be an
economywide aggregate for a certain year.

@ In this case, the error term represents other variables besides Y D that
influence consumption (for instance, financial assets or the “mood” of
the consumer).

@ The parameter (35 is the marginal propensity to consume out of
disposable income, and it should be between zero and one.
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The Classical Linear Regression Assumptions 1. Linearity

Linearity: examples

@ When the equation has only one nonconstant regressor, we call it the
simple regression model.

@ It can be written in matrix form y = X3 + €, where

CON,; x 1 YD €1
y=| 0N x o |T2| |1 YD =B={gl],e= .
(10)
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The Classical Linear Regression Assumptions 1. Linearity

Linearity: examples

@ As a second example, consider a simplified version of the wage
equation routinely estimated in labor economics

In(WAGE;) = B1 + $25; + BsTENURE; + B4EXPR; + ¢;, (11)

where W AGE is the individual's wage rate, .S is education in years,
TENURE is years in the current job, and EX PR is experience in
the labor market.

@ This equation is said to be in semi-log form because only the
dependent variable is in logs.

@ This is derived from the following nonlinear relationship between the
level of the wage rate and the regressors:

W AGE; = exp(/51)exp(f25:)exp(SsTENURE; )exp(S4EX PR; )exp(¢;)
(12)
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The Classical Linear Regression Assumptions 1. Linearity

@ The coefficients have the interpretation of percentage changes.

@ For instance, if 5 = 0.05, an additional year of schooling raises wages
by 5%.

e This is because e &~ 1 4+ x when z is close to 0, so
WAGEpew/WAGE = €72 =~ 1 + fs.

e Sometimes when (35 is large, it is preferred to report the exact change
in percentage, e”> — 1.
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The Classical Linear Regression Assumptions 1. Linearity

Linearity: examples

@ Certain other forms of nonlinearities can also be accommodated.

@ For instance, suppose that the marginal effect of education on wages
declines as the level of education gets higher.

@ This can be captured by including S? as an additional independent
variable in the wage equation.

@ Then the marginal effect of education on wages is

IIn(WAGE)
—_— = 2055 13
59 B2+ 2f5 (13)
o If 85 is negative, then the marginal effect of education declines as S

increases.

Bo Zhao (School of Finance, NKU) 15 / 67



The Classical Linear Regression Assumptions 1. Linearity

Linearity: examples

@ Another common specification is the loglinear or constant elasticity
model:

In(y) = B1 + Baln(z2) + BsIn(x3) + - - + BrIn(zk) + € (14)

@ It is called the “constant elasticity” model because the elasticity of y
with respect to changes in z is

dIn(y)

W = Bk (15)

which is constant and does not depend on xj.
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The Classical Linear Regression Assumptions 1. Linearity

@ The point is that the linear framework is much more flexible than it
might first appear.

@ Flexible though this framework may be, there are still cases of genuine
nonlinearity that this model cannot accommodate.

@ For instance, in the wage equation, if the error term entered
additively, the model could not be linearized:

WAGE; = exp(ﬁl)exp(BQSZ)exp(ﬂ3TENUREz)exp(64EXPRZ) + €
(21)

@ Another example:
1
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RE 3.2 R AN (strict exogeneity)

E(¢, | X)=E(s | x,--,x,)=0 (i=1,---,n)

& WML T P AL s LS, iy AN A [F] W
ol x, PR

6‘15}5)?%‘%@%%%5%%B$*H3\%’ EI:I COV(gia xjk) = 09 Vj, ko '['H:,TE/%%//{E
5, TEER 5 AT

BIEMAIAVE R B(e, | X)=c» ¢ NIEFE, A—ERN 0.

Ye TG FEA B, WREE | X)=c#0, SAPIE c AN
T AEL R



@8 E(c)=0, EIRBNTT R LI 0.

WERR: MRYEEACHISEERE, E(s)=E,E(s | X)=E,(0)=0,

EX WRBEHAZE X Y HEEXY)=0, MK X Y IEX
(orthogonal).

£ B

Rl AEEALE S IEN IR

J

WERA: 0=Cov(x,, &) =E(x;¢)—E(x;)E(g) =E(x &)

=0



BE 3.3 MEAE =82 EILLZEME” (strict multicolinearity),
RIECHE R B X3 28k, rank(X) =K, HHAH “rank” FxHFERIFE

WA R B2, WA “Am5H]7 (unidentified), KA X H

AN ERENEZR,
PR OLS fh1t, b=(XX)"'XYy.
WX HwIRE, XX IEE, B(XX)HE; K2, (XX) "IN,
SEBREHE AN 5y I A 22 B R 2R

R I, Stata o> HBHA .



B 3.4 EKAUHB) I (spherical disturbance), BIHLZIIH 2 “ [
7. “TRHEMR” KR,

Var(e| X)=E(ge'| X)=0"1, =

1,79 n Wt SR

b7 ZFERE Var(e | X) B EX Ao # % T 0%, Bliwie “ 21
[©] 75 72”7 (conditional homoskedasticity); <, WAFLE “KfF7T7
72" (conditional heteroskedasticity).

7 Z 5 Var(e | X) PI3E FE X A LT R AR N0, ANEAMEFI LS
i [8Jc “HAFHR” (autocorrelation); <, NIAFEAEHFHR
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3.2 OLS s
ST BHIERBAE B, 10/ P& 1R Z(EIFR %, residual)
Ne =y, _xz(ﬁo

WA MMETR E B, ISR ER Ee=(c e, e,) =y—XB

i /N TR TR BB & 22 F U7 M (Sum of Squared Residuals,
SSR)Y " &’ /IS

JUPT E, — ool a5 S 3R m U S 1 B H B 2
W EIVEV b= X gE xS N EIVE R JTIF
ZoolElH, WS 3R s TS B [5] )3 #8 - [ (superplane) .



SN AP

m'éin SSR(A) :Z;el.z =c'e GRS AEEAZE )
=(y-XB) (y-Xp) RERENRIER)
=y -B'X)y-XB) (JE M6 B MR

= yy—yXB-BXy+BXXL (CRIETT)
=yy-2yXB+ B XX GEEEST)
(YXB) =B Xy(WIFREEFE), RIx1HE, WAL, TTE N2y X8 .

H F5 B 3SSR(B) 72 B I — IR R (— IR A).
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SSR A

e

b B E
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] Ak R

. , )= K =
wa=(a, a, - ay)> )':“Jaﬂzzizlaiﬂio

owh)_(0wh a@h | owh)
5,3 8,81 @IBZ a:BK e '

FARLT X —IRERBCR T . R AN KIS PR, AliE:

0B AB) _((BAB) OB'AB) B AP) ’:2A,3
0B Py o5, 0B

FALT 5 Z IR R HOK =
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{5 F R 4000 IR, A4S fe /MU — B 2% A

OSSR) _ 2Xy+2XX[=0
op

/N IR TR b AR -

(XX) kbt = XinVwa (ERTTIEH, K DT, K ADRHE)

Xy—(XX)b=0 (F& i)
X'(p—Xb) =0 (I 22 SEIBE O A B X))

=e

K, Xe=0, HFREREe=y- Xb,
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WRENEe SERA R X IEAR, & OLS 11— KEHIE .

KAEA] 15 OLS 11t =

By SR ALK FR FEFE [ (Hessian)

).

o OSSR
0*(SSR) _ op

OBoP’ op’

b=(XX)"'XYy

0*SSR
o’ B,

0*SSR
0P 0B,
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KON X ARk, XX IEE .

WIERAS B “PIAE” (fitted values)El, “FME " (predicted
values):

’S
g=xh
$=0 55, =)

AT B AR RS i y AR BSR4, By = jre, T e
F2E, HH A——""

X IE T %
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K . A-+h+C= | h i
Hrh, m-K)yNEHE. N AERn-K) AR n?

%*ﬂ@?%{epez,---,en}%‘ﬁﬁfﬁ%EK/l\IE%ﬂﬁfiX'ezﬂ, A A H
F(n-K) e e fHEMN. CHEHD .

i KIE)E, AWttt E(s*)=0".

-K

n

MRFEAR R n B KR — o), M-
BIE” IRl 20 250,

-1, %éiﬁfff “ /J\1;$ZI§

4 jil “Ial )3 7 FE W pRE R 2 7 (standard error of the
regression), fa ARk “EIETFERIPRAER 7,

MEG T ERAREZE N ZG =R “PrfEiR” (standard error).
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3.3 OLS KyJLERE

p e y [T X B 52 (projection), RloNe 5 X 1EAT

—— N

Y el

[/

Kl 3.2 &/ IEAS M
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BT y=Xb=X(XX)"Xy=Py, #P=XXX)" XN “H
e e~

—b

FEF%E” (projection matrix).

H P EFfEM M E, MERZnEEE X FRRE.

HTe=y-—p=y-Py =|(1n —P)ly =My, M =1I,-PFN“HXK

HiF%E” (annihilator matrix).

FIVE KRR M 7SR AR A R &, miA 33 ) 0] T T X % )
Bk ZE R .
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PS5 MR (Z I ): 7(()(”( ]"lxlx

() PX =X ; (HCemHLIL2EH D)
(i) Pe = 0; (FEE T XM Ee 5T X WIB A — 1)
Gi)MX =0; (HoOXNHEHCOHE, HEKENO)

| g W

(iv) P 5 M AR ST PRI
(wk=P:\(ﬁW&%%%%%?~%&%

(VI)M? =M .|  (FHIOH KBRS T IR K)

h
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RS e I R AL

@M(Xﬂ+g)wﬂ+Ma®
HEHR 22T )7 S e ) eR 3L

SSRﬂ@M& M Me ='Me = Ic-Me
w—v
B

34 WA R E R

w%%ggﬁﬁ%ﬁﬁ,\ ,
v
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Soft, p=— 3 v R

WARREAR & y, B2 22 T R AT 9 D9 9 6

%Bﬁj\z; ()A/z - )_/)2 ’

» BIVRT F A A AR

L R Y e

V-5 B3 At A S AE AL IE 2 HE I OLS E@Eﬁ‘@fﬁﬂﬁi@o

E X “Tu/\'ﬁllf— 7 (goodness of fit)R* N

Zl (9, -y

Zizl(yi _y)J
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LS E RPWER “AJ R RE” (coefficient of determination).

A PIEM(Z 0L 218, EA E RIS DL T, SO0 S5 T
KAy, SUGE ), Z KRBT T7, BIR? =[Corr(y,, )T

R, SRR B

Vb

B WORBSINAEREAR &, R* RIEAL, KDy &/ ml ikl g
FEAR ) R BN 0 TR T K3

M VA E R, RS R 5 (U ) (A8 1
'V"'(i"' A4-xp) | waZT(h-xp-XPF”
win Ty }p- X

S,T.F:O
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BN BEBAHE (dusteds’) B

" > /(n—/qy

R*=1-—*
S -9 (-1

BEA RPATAEfi
Kb RIERR, PURM A, R LG
PP ER TR R B2, R FRIB(R S F St R R).
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gn R Bl R R T RO, WU A A O AN IROL . T AT RS
Zizlyi TR

— " A2
LY =Yy=(bre)(Fre)=gh+2ieree=3 I+ ¢

0

E X “JEHC R (Uncentered R®):

RZ Ej}’j}:l—e’e
Yy Yy

| —

WU RO, T Stata AR R .
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3.5 OLS f/MNEAMER

(1) Z&tEME: OLS it =b =(XX) ' Xy Ny I A A

e —

¥
2)x ok E(b|X)=@ Rl b AN 2 Z St =4 B A B
: FHAFE 1R Z (sampling error) N

b—ﬂ=(X’X)1X’y—ﬂ=()&{)1Mﬂ+8)—ﬂ=(XX)IX’E%/_IL

I—_—\_\—_

Hdr, id4=(XX)"'X". FrLh
E(b - ﬂ@ B x) - E(e|X =0 (PERSAMENE)

BIA[#, EB|X)=8. T%ﬁ%$ TR A A P AN BT Bl R
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i LR HHEEDL) =L
WEBA: E(B)=E E(b|X)=Ey(B) =8 (FEHIHEVINEE).

(3) it EbHITZE N Var(b| X) =0 (XX) s

MERR: Var(b|X) = Var(b- B| X) <W£?é?fﬁ>

= Var(Ae | X) {AVar(e | X )4 AF1 IA'
= 6244 = 2 (XX) XX (XX) " =X (XX)

ER AP TR RE 2 UE A IS BE

—

WA R, W2 R, gt (el
(robust standard error), Z W5 5 FE.
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Ja o r;', ZL 0P

(4) “BHr-L/RAIRE aussfMarkov T orem) /> I
V2 72 i fE 2 1 i A% 1T (Bt Llnear Unbiased Estimator, {& 10

BLUE) Eﬂfﬁﬁﬁ@% iﬂﬁf)ﬁiﬁﬂ'ﬁl L DN TIRTE T E D

N v
— X >
p PJ}HFJ OLS gbﬁ?)%ri%%fﬁ;i @C} 0

A t/aw-( ) Var(h ;{
E— éﬂz@%vﬂﬁﬁ =1 EVar(,B|X)>Var(b# e B

Var(;B|X) Var(h | X)Py--IE g FEFE [:M‘m «v{ i)

t' 9--9 Jow( F‘I.J
Var(,B | X)—Var(b| X)-F1EE, M Var(b [ X)) FEX Azt (Bl 5
2)— & /NTFEET Var(8 | X) B EXF AL LS RITER (S 0 2.

T BT, AR BOEREC,,, . 1R B=Cy.
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CHb=Ay, HFA4=(XX)"'X'. EXD=C-4, NI
B=Cy=(D+A)y=DXP+&)+b=DXB+De+b

FIFH BT AR P T 45,

B=E(B|X)=E(DXB+Dc+b|X)=DXB+DE(e| X)+E(b|X)=DXB+p
-0 :VIB

STAEE B, #HAEDXB=0, HIDX=0. BIIFEERFEIAH
B =DXB+De+b=De+b

BOmREREYN
B-B=Dec+b-fB=Dec+Ac=(D+ A)e
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Var(B| X) = Var(B - B| X) = Var[(D + A)g | X]= (D + A) Var(e | X)(D + A)
=o' (D+AYD'+ A) =0’ (DD'+ AD'+ DA’ + AA')

=0 =0

=0’ | DD'+(XX)"'| (DA'=DX(XX)"'=0)

. 2 o

B

\'Var(,é | X)-Var(h| X)=0| DD'+(XX) " |- (XX) ' =’ DD’

BT DDy I EFERE,  #m - B 2R A R BT
1

%_Z&ﬁﬂi@ﬁﬁiﬂlﬁ%@H§ N/ 31k AR BLUE, 817
FEHAM EOCHI A T At ih, 2 ILEE 7 &
C-(-gneml{'ztl Least Slf/lo-arz, |
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()7 EZWI Attt E(s* | X) =07

L Y

WEER: Ky

, (ee) J (eMe j 1 ,
E(s |X):EX =E X |=—E(Me| X)
| | n—K n—K
V

MR EIFIAEEMe | X)=(n—K)o?, BT,

EX  EETTE AR (trace) & H EXF Lonm 2 M, idA

trace(A) o
IS S

trace(A + B) = trace(A) + trace(B)

™

—
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trace(kA) = k trace(A), k N'F A
"L

trace( AB) = trace(BA) R B AB 5 BA#AFAE
T N ———

MR AN VEFECE D, N trace(A4) = A -

E(eMe | X) = E[trace@‘fdgﬂ X)]
0 Y

= E[trace(Mee' | X)

= trace[E(A@ X):

= trace[Mazln ]

= o trace(M)
NS

31
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trace(M) = trace[ln - X(XXx)" X'} (T KFEFE M P E X)

= trace(/ ) — trace @1 X' (LisFH L TENE)

:@trace[(XﬁX)_lXiX] (X 5XX)"' X' H.#)
= n—(race(1,) ) (XX NK x K 5EFE)
—n-K (K B 87 FE )28 K)

T 5 2 B Var(b | X) BB RAG T s> (XX) ™ ) £ Stata Hid N
“VCE” (Variance-Covariance Matrix Estimated).
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3.6 XHNRIW th

RE 3.5 ELEXHELT, o X MK AiNEL, |
X ~N(0,0°1,). o T ~

% X A KA TR SR, R (null hypothesis, F{E 1)
j'\jHO :IBk — ﬂk ’ ;H\:Epﬂkjl‘jéé\%ﬁéﬁo
Y/
B B, =0, WMKAE Y, K RECER EEMAET 0.
e
BB I FE ME R B B AEYE, B S R e or, A8

A BRI RTR B R SBOCA AT RER A MR
P YA B RE A B

]
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W /INE R F A TEAE — ORAAE A I 2], D)3 B R AR AN m]
5, MazfEge R ik, 252 BRI (alternative hypothesis,
#EFAK” VH, e # By o

ﬁﬂ%’ﬁﬂi’ﬁﬂiﬁiﬁﬂkB‘Jfﬁiﬂi@‘@&‘%ﬁﬁiiﬁ, DUl e -4 8 R
i‘z%*ﬁ%ﬁ%m%*ﬁ@ (Wald test).

Ef AT, XS PR S ARKAAR AL, R DA 22 5
HER 5 RS A X PR 5

1T elX ~ N(0,5°1 ), ﬂ@aecﬁﬁz;%ﬁ@%&,ﬁﬁ(bmx
Al IR 2550 A
L va-—(c/kzj;qD
o — &, EG-B]X)=0 , Va®|X)=c'(XX)' & &
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(b-P)| X ~N(0.0°(XX)").

ERBRB “Hy:p,=5" WIMXHIHR T, HE kM=
(b =B X ~ N (0,6 (XX),} ) Forbr (XX RS (XX) ™ (k, k)
TOE, Mo (XX), b T 2%

NN(O,I)O

s B, Mg 42 b
JZ (XX);]

|
HHE o> RA, BN “PRESE” (nuisance parameter): HIAX] o
NG, (Ho® A IAERIEAH .

B “RINF T & (test statistic) A £ N5 BEIE R TR
FEARZE TS MR AT 2R,
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UMl s* KR ERo?, IS Gt

TE( GHBOOE) LEE 3135 BHL, AEER
“Hy:p.=B.” BRSO, Gt

tk bk _Bk = b ﬂk @ K)
SE(h,)  /s*(XX);,

Hrh, SE(b,)&b ) “fHitbriEiR %" (estimated standard error),
ﬁ%ﬁ « *ﬁy/ﬁim »O

SERR: St B BT
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b~ B, _ b~ B, , o’ _ R _
JSXX)E ot xx)y Vs s \/
(n

b

b, — B, ;= e'e
Jo(xxy, o
Bz, ~ N(©,1), FHKIE,

\l:lj’ Zk

\

(1) ¢|X~x*(n-K):

2) z,|X Hq| X HEAL,

WIARYE ¢ 43 A ) 58 X “k t(n-K).
" * Ja/(n-K) r=h)
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e eMeg & . & ..
1) g=—F=—7F=—M— (I,
o o o O

T ] X ~ N©0.0°1,), B | X ~ N(0, 1) BN KRS M O3

SRR (idempotent matrix, BIM* =M).

R & AR m R, X T "SRR M,
rank(M) =trace(M)=n—-K .

RABEFLSRITFIR, q| X~ (n-K)o HTMAHR, q|X 1
HHEEN0N-K).
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Q) 2= BBy, g e, OB b S e
\/Gz(XX)kk
7 BT

HTb=4+Ac5e=Me#H 2 LB Te FIZLTEREL (b, e)
WG AR IR, #MURZEUEH Cov(b, e) =0 R T] .

Cov(b, e| X)=Cov(B + Ae, M| X) (oD HeFRiE)
=Cov(4de, Mg | X) (L E )
= E(AsgM)-E(4e)E(Me) (W75 ZHEFF A )

-0 =0

= AE(g6")M = 6> AM = > (X'X)' XM = > (X'’X)" (MX) =0
=0

(OLS FIIEAZ )
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t I B IR

sbe W, MR RK, WH BRI, R, N,
50 | ALK M AR AN N ), R R O 3

50 1ME B E MK (significance level) Aa B “ i FH1H”

(critical value)z, , (n— K)
P{t(n—K)>1,,(n=K)} =P{t(n—K) <~t,,(n—K)| = /2

Hrf, t(n- KRN t(n-K)y Ao t(n-K)KT1,,(n-K), B
NF—t,,(n-K)FIER AR a/2. BHFa=5%, Wa/2=25%. A
i o = 1% 8% 10%.

D.00 |
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F= W N “IE4838”7 (rejection region), NIFEZEH 5 ¢,
/%]\ “Tﬁ’“x’iij’ (acceptance region), WI#52 H, .

LI AGIE ¢ DAL, FRON “ROLKEL:” (two-tailed)o
HTEpE

EX eSS ENFEARMNAE, FRJEE 3R] 430 44 1) i
/J\;z_\%)ff‘j(q:jjﬁ[ﬂgxm*/\% ) @) p {E (probability value, EfJ

p-value).
f% . %z % F @K
gidni]cf(Mt : , St"-'ds'tl‘ml/fc?
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04r
0.351

0.25
0.2
0.151
0.1r
0.05F

GEECR

-5

-4

~ton(n—k)

-2

-1

3.3
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1E R, p AP(es|n)x 2, Forf, MERGE TR RE A
M.

p BN DU e AT ] 4 288 SRR

[51) p {E = 0.03, WFALE 5% EZ MK LA F/RIE. m
H, “p{H=0.03" 1&7J7E 3% & & MK P 348 5%

5 H p (ERHAT s 56— B s FHE A E R &
=1 Stata EixZ5 H p (HIN, wiA TR ERMIERFE T .
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Vo a ol === |

TEEEXIE

i “EASE” (confidence level) N(1-a) (bW a=5%, N
1-a=95%), 3| “EIFX[A]” (confidence interval), H1F1%[X
F) 78 55 HSESH B MR N (- a)

aﬁbE(bﬂk ~in=K), H#

. bk _:Bk _1_ ==V
P{ ta/2 < SE(bk) <t0¢/2}_1 o (ta/2EI/J/—‘EX)

P{b, —1,, SE(b) < B <b, +1,,SE(b)| =1-a  (FFEXELIE)

BB AR X T4 b, — 1, {SE(B,)] by +1,,, SE(B,) |-
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BAGXEERENLIX R, FEEFEAAS F AN

MEBEEE N 95%, FFE 100 %, 52 100 MEEXE, KZ
95 MBS X AR 7B f5 B H LS B, -

£ | XERE5FE Il £iEix
F “’(SQ Positlu(

ENX “ZB | IR (Type | error)fa g, BARFRRITNE,
(L EAR U 2 s Al 1 FE 48 R AR s R R W, B “FF RV, 5
[ BRI K AR VP (reject Hy|H,) - T

Folse Aegative

EX “BIEEEIR"(Type I error)fg )2, BRI VRS
AN E), (HFRYE IR S 1 352 R AR 5 1 4 41
R “A2fh 7. 211 %%ﬁi%ﬁ@ﬁi*%%ﬁP(accept H0|H1)o

"M
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FRARSINEE AL, /DS | SRR R, R G EU
11 TR R AR, SR T

v

ERATIL IR, — A Jefa e TR A T IOt iR 1 i KM

2, B CRWEMEARCET, Hn 5%; MiANEE S 1SR R A
OB H EXETHR).

X 1 JEH SRR AR GRS “3)
7 B “H7 (power), Bl “1—P(accept HO|H1)”O W=, hRCN
ROV ERIITE LT, T4 R AR I

BEATASYS I, @ HFNIE S [ RERI R MR, AFnE s 128
FEIR IR AN

46



duced with a Trial Version of PDF Annotator - www.PDFAnnotator.com

A R R, PR E A, IOV RIEIRAR =R R 2 7K.
R s, AR, EEAFILEEER (ATReR0RD.

3.7 XERMRIKH FAL:

o e A R BN, BRI “H,): f,=-=8,=0"
(BN EI0) . § —

S — e, h%W@HHTBZi

QXK le ]

" Rb_,
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He, r N m dFAE, RNmxKHEME, rank(R)=m, BRI
Tk, A ZREEMET ER T,

15 Xﬂ‘?ﬂ%@y = pix + Box, + Bixs + Bix, + & Far g “ H,:p,= :B3E
ﬁ4 07,

Zl g N p= -‘:’, 5
SRR

P
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Wald f 56 52 : b2 I THE, WRH KSL, W (Rb—r) Nl
BT 0,

EBWF ZHENSH) EfE 3.1-35 B, HERE
“H,: RB=r" WRSLHIBN T, W FGiit&

- @R(X’X); R’T((Rb _ r} /m

S

F(m,n—K)

WERR: KT s* =ee/(n-K), ¥ FER

(Rb—r) [*RXX) 'R (Rb—r)/m o/
(ee/c?)/(n—K) q/(n—K)

F
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HH, w=Rb-r) [ RXX)'R'] (Rb—r).
I TR UIE A -

(1) w|X ~ 2% (m);

2) q|X ~ 2 (n—-K); (O ¢ kg F k)

(3) w|X 5q|X M EHHST,

WHAE F A5 S, —" - Fnn—K).
q/(n—K)
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(1) ®Xv=Rb-r. TEH BHIEHLT,
v=Rb—r=Rb-RB=R(b-p)
HT b AIEDS, Mo X Am4EIES, HE@|X)=0, HEAN
Var(v| X)=Var[R(b- B)| X]|=RVar(b)R' = c’R(XX)"' R’
RIE G R1R,
w=(Rb—r)[0*R(XX)" R (Rb—r)=0'[Var(v| X)| v~ z*(m)

T RIFETRE SH[R(XX) ! RTAELE
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GYwrEbMIREL, gReMRE, BT b5 e HEML, HMw|X 5
q| X AHE AT

F i in a2 IR
FH—w WHF s R FRITFERA, WHBAE.

0 ITREEMAKC N a KB E, (m, n-K),
P{F(m,n—K)>F,(m,n—-K)} =a

Hrp, F(m,n—K)RM F(m, n—K)534i .

B MR F B ANALIESS, WiE4H; FSitE
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BN, WERH,. AN, N R IR
0.16
0.14

0.12 1
0.1

0.08 |
0.06 [

0.04

0.02 i 4035,

O 1 1 1 1 1 1 |
0o 2 4 6 8 E(mn—K)F 14 16 18 20

o
K
5

K 3.4 FRL
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3.8 FZrrEr R REER IR

AR F MR/ i, B “Lmbg /D Zafik”
(Restricted OLS, Constrained OLS), RJ13 F g1t = 1Y A8 R iA 1.

& LA N 29 R MR AR 1) 7L

mﬁin SSR(B)

s.1. R,é =r

ME “Hy:RB=r” 1IEWH, WIHN_E 20 51 AS RN AS AR 22~ 5 f
SSR(B) B/ IMEIE KIRZ .
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SRIFICLIHRAAR )&, AT UER .

XAET L “RIRE” 5 RRHRIE” THEAT B
HRRA AR EERE S (Likelihood ratio test).

Rl X TEANERIETTRE “y, =B+ Boxyy +-+ Pyxy +& 75 KR
G “Hy: By == B =07 (RIZTTEEREEMN F SRt 25

R* /(K -1)
%—szn —D a “yoshi




WERR: HIT 3T (K -D2R, RIECRELREELR) F gt

(ene —ee) /(K—l)
F = (e*'e* —e'e)/(K—l) B ZiZI(yi _)7)2

ce/(n-K) e /<n_1<>
Zizl(yi_)_/)2
Hrh, e ALLIRBZRZE, e NEARKZE . WL EHRE L
BN R?, e g, ¢ g

Zl (=) S (-

[A=RH-(-R) |[(K-D) (R —R)/(K 1)
(1-R*)/(n-K) (1-R*)/(n-K)
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HFEIEB R? = 0RP AT,

Y CHy: ==L =0" WOLES, y =B +e, b =y(RAIHE
B0 BT EIE), #P =b =7,

T TS (5 -7 =0, MR =0.

3.9 ZSHEIHSMRmEIE (),
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The Algebra of Least Squares Partitioned regression

Partitioned regression

@ We are going to discuss partitioned regression now.

@ Partitioned regression is useful when we have many «x variables in our
model but are only interested in the coefficients for some of them.

o It also permits us to simplify theoretical results in some cases (for

instance, if we want a formula for only the constant term in a
regression, and not the whole parameter vector).
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o First partition the data matrix in the following way:

X Lx_lzxg] , (81)

where X is the original n x K data matrix, and X1 and X, are
n X K7 and n x K9 data matrices, respectively.

o Correspondingly, 6_|s partitioned as et k‘ > K

o ®

@ We are interested in the parameters 0'

@ The regression model can be written as

y=X18;+ X208y +€ (83)
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@ Define

P =X (X X)X} (84)
Ml = In - P1 (85)
X~QEM1X2 N “_\_ (86)

(the kth column of X5 represents the vector of residuals when the
kth column of X is regressed on X )

y=My (87)
T ——

(the residuals from a regression of y on X)
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@ The normal equations:

X'Xb= X"y (88)
il o o] = 3]
. = 89
XI1X1 X&XQ b1 _ '1y (90)
X/2X1 X/2X2 bg /2y
e Equation (90) can be written as
X’lebl +&X2b2 = X’ly (91)

X’2—|— X)X by = Xhy (92)

@ Our goal is to solve for bs.
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e Premultiply equation (91) b nd solve for X 1by, we
have

X1b1 = —P1Xsby + Py (93)
e N P
@ Substitute this expression into (92):
Xo(=P1Xoby + Pry)+ X5X by = Xby (94)
X5X2by — X5P1 X2by = X5y — (95)
X/2(In—P1>X2b2:X2(In—P1)y (96)
M,:_—M\ X5(My) X by = X5(My)y (97)
MN= M1 1) X2p2 = Xo(MF)y (98)
A A ———,
(since M is symmetric and idempotent)
X, Xoby = X0l (99)

r"
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@ Therefore,

~/ ~ 1~
by = (X, X2) ' Xu3 (100)
~y o~ P . -
e X,Xo= X,L,M'M;X, is invertible by the full rank assumption.

o Essentially, if X5 (and, by extension, M; X5, which is the component

of X5 orthogonal to X1) does not have full column rank, X cannot
have full column rank gither.

3 by in this way™~
© Regress y on the variables in_ X5 . and obtain the residuals, )?
1, and
— —

@ Regress €ach of the variables in X5 on all of tfm'lzg-in

obtain the residuals. %
© Regress the residuals in (1) on the residuals in (2). 2

}&’ 7o X. reguessim.
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o Conceptually, this process of regressing y and the variables in X5 on
X1, then taking the residuals is known as partialling out or netting
out the effect of X . ‘3,:;?,-1' .'}(.d@v"}(m*i _

@ For this reason, the coefficients in a multiple regression are sometimes

called partial regressio fici 2 oot o4 X, A,
1
%s

@ As a corollary, when X5 and X are orthogonal o:c_hat +V. X @
M X5 = X5), no partialling out is necessary — ?a)(j'us?/l}eg#es

y on X o directly and the variables in X1 will not make any difference
at all.
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310 FH W

A B T E AR Y 3R 4T i (prediction, forecasting), B 25 %€ fie e
] 1 x, (R R BB, Tl i i e A8 &y T AL

(BT B AR T B A LI AR 8 s A (B4 A HE R Rk BINE),
Yo =X, B+&

F 5, = x;b 5 y ME ST, b4 B 1T OLS il = .

“TIRZ" (prediction error)(P, — y,) I 5N

YVo—Yo=Xb—xy B—¢,=x,(b—-B)—¢,
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BT b2 gL, WMEG, - v,)=x,E(b-B)-E(s,)=0-

“TeAm TN~ (unbiased predictor): F P, KT y, AN e R G =
AR A

T 5, 877 209
Var($,) = Var(x)b) = x| Var(b)x, = o x,(XX) ' x,

T 22 I T HRE 1R 22 (b — B) BTy SR I TN & 9, B3 3. U
RFNE L, NVar(p,)= Var(x) B)=0.
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ﬁj{m”ﬁ%%(ﬁo — Vo) 17 22N

Var(y, —y,) = Var[x,(b— B)— &,]
= Var(g,) + Var[x,(b - )]

=0’ +0°x)(XX) ' x,

Ho, BkgBoAMRMUGTEDEH B ¢ ER),
Cov[xy(b— ), &,|=0o

TR Z ) 5 221 A KIE, RIFIRR R 72 o2 ) (XX) ™ x (PN BEAS
RIESH L), UKy AT BT EN (6,17 7 07)o
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BRI TUN IERS, W P, — v, ~ N(O, o’ + sz(’)(X’X)_le) o

Hs*flithto®, 1528 Gt &

Yo = Yo
~t(n—K
S\/1+x(')(X'X)_1xO ( )

v MEBEREEA1-a)NEE XN

(j/o —ta/zs\/l+ x(’)(XﬁX)_le, Yo +ta/2s\/1+ x(')(XiX)_le )
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