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o PIZFIRR (ClassSize) BN XIE 1 Ak%: (TestScore) =4
ISR

change in TestScore  ATestScore

ﬁ ClassSize —

change in ClassSize ~ AClassSize

BRI ERY ATestScore = Bciasssize X AClassSize

» ERIKMEEINRRAEIE, W foisssize DR, TIHIZRI
RAZ IR SR B FIR R PIHEIA Y

TestScore = Py~ Bciasssize X ClassSize
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SIANEfERINEZ=

» REAE, Z2INGIAETEHMRARREN ., EMZINZm
RGMAZREE: BNER. ZVRE. FERR. FEFE
K. SR &E (FBIILAER) .

s B IBEMEZMEAZLZSE—#E, FRA other factors, JIAXK
A1, ErFE

TestScore = By + Bclasssize X ClassSize + other factors

s XMERBEERER!E. HITFIAA X ERNMNELENE, Y
BACZ G, MMSEIZIEREN—RsAZTl.
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Linear regression model

. —TTAMEEE

Yi = Po+ b1 Xi +

VA

A 1= Z I
coefficients error term
A
dependent variable ST 2/ EaTE

independent variable / regressor
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Linear regression model
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1

SAREF% / BREYFRER
population regression line / population regression function

» BIREARMZZDMP X F Y Z2EEFHIENX ERIIRIX
A, a0 X WERN, EMeJUAEN Y IEE, thallX
—'%'BZ E(Y ‘ X) — ﬁ() +ﬂ1X0
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( . .
FIAV AP Scatterplot of Test Score vs. Student-Teacher Ratio (Hypothetical Data)

The scatterplot shows hypothetical observations Test score (Y)
for seven school districts. The population regression 700 —
line is By + 1X. The vertical distance from the i
i point to the population regression line is 630
Y; — (Bo + B1X;), which is the population error B
term u; for the i" observation. i
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Student—teacher ratio (X)
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» STAR (California Standardized Testing and Reporting) £X#E&
xE'E"f___;E M NFHEBHNEIREE, BEZ NG . FRYT

EI\"\';“I—\ =
H5aHFTs, APH

k. 4
420 F

I><I

o FIE {4 caschool.xlsx

12 E’J*&TE/IZI%‘I 098-1999%

/]|I||

]

e IRBAX {4 californiatestscores.docx
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Average test score and student-teacher ratio
« “testscr”: NFEFMNESZ W FIIML

» “str’: FEUMEE (FEAZ/ ZUTAZ)
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Average test score and student-teacher ratio

720

680

10S]S9)

620

600

26

24

22

20

str

18

16

14

13



AERIETT



CIPEEA4(: Nl
Estimating the regression coefficients
- Y BRMHENMGITE.

» @, E—Io&ERTARER, 5, M f; EFAMRIRAYEIKE
VAR RRIARIE, EUWFENBABEXNEHITET,

o % by Hl by PRET By M f EAMETE, METILEEH
5]

n

Z(Yz — by — b1 X;)?

1=1

RES&/EITERIR AT B&/N 3k (ordinary least
squares, OLS) f&it=, oalich fo# fq .

15



%

2

HU=IESSIEPET:

14

720

700

680

_
o
O
©

10S]S9)

640

620

600

26

24

22

20

str

18

16

16



17



/N R GITENES

3§ D (Y= by — le,-)z R—MRS, TB—ME4Tt

3 (Y= by— b X)) =-2%" (Y;—by— b X))

b,

6 n

o 2o Vi = by = By X% = =230 (¥; = by — b, X)X,
BRILREUA n HSEFZFTE, BHEEAIE—MFHE

Ly YXi—bX—b ¥ XP=0

/N _R(Git= ﬁo A ﬁ1 meEltEY., BARiEEEAE
A 2;‘;1 X.—X)(Y;-7Y) Sxy A o~
ﬁlz — = —, ﬂozy_ﬂlx

Z?zl (X; — X)? ¢
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OLS fhit=. FEMTRZE

OLS estimator, predicted values, and residuals

. $I% B, FIEIE f, B9 OLS {&it @4 2%

i (X = X)(YV;-Y)  sxy

e > i1 (Xi — X)? - SX
BO — ? — 617
« OLS #ll{E (predicted value) : Y; =8y + 51 X;
c KE: U =Y, Y REAEITL / HAERERE

sample regression line/
sample regression function
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s YIFBRERIELTSthTEKXDHIEES.
o %M IRELIAR,
- L& -X=T)
Y (X —-X) 52
« ELTER, HFARBEXRREN

)
corr(X,Y) = A
SxSy

A)
. WIRA Y, B3 X, MHEE OLS fEitiEn —- .
Sy
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Average test score and student-teacher ratio

testscr

720

700

680

660

640

620

600

testscr versus str (with least squares fit)

Y = 699. - 2.208X ———
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testscr = 69

8.9 — 2.28 X str
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o ¥XJ STAR #X3ERY OLS B35 R A
t@r — 098.9 — 2.28 X str

o XEFAIKI:

ZiTE 9 698.9 BI1E

A=

E1F R IIPIRAZ RO INZ 1Rk S, it

SVEMETHE 2,28, HERTLEMRTNRS
EASHI— M, PRERHEETIITR 228 5.

« E(IERY(HITIE 698.9 REIREXIRE X, EIMARNTEFEIM
ERUEER A, FiE

AN AT ELERAY

» RMENHITESREZ/NE? ERMRAZB/N2 A, MFIRL
o 2 NEVER AR D R MIRAE; M 4.56 7

2 EF 4.56
ER D A

AR 1L

: Z:EHE, 1E-m/[\x|=|E |:|J L\XIZL‘,J\H%E/\JO
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R
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e OLS {4IT2a5L1

 OLS {Hit= A B EENE LT
(Eyap=sb=Fin]:N

» ERIMIMIINSEAET, AL

(BLUE)

IR9757E

BHE 4L,

LE= =

A OLS {43

= 10 5.5 7 Gauss-Markov EIE
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R2

- latEEERT%S RIS (fit) R, BElE3
ANLZENTN, IMNESSEBREERTZERE.

Xt
il
=
>\
fix
t_\l
W
\>

/]

e R2, YFRERTEZZEY (correlation of determination) , 2 0/H X.
ferE (SRFull) B9 Y, AR BZERILEH,

e MY, =Y +0; AIEX R R Y, MREASERN Y, IRABE T,
2

RQ o Zz 1(Yz — ?)2 B ESS (explained sum of squares, R H])
- Zn 1(Yz — 7)2 - TSS (total sum of squares, =)

1=

Z?:l szz _ SSR (sum of squared residuals, #%ZE 5 H)
> i (Yi—Y)? TSS

FHEEITIES I MY %4.3
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10

15

Y ~ X + N(0, 0.25)

R2 = 0.9637

Y ~ X + N(0, 9)

10

R2 = 0.5426

10

27

Y ~ X + N(0, 1)

R2 =0.9002

10

R2 = 0.03801
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Standard error of regression

 EAtF/EIR (standard error of regression, SER) 53— M
sNEMEMNEZ, HEXNETIRE u; T ERENGITE.

SER = s;, where s7 = : 07 = oo

* MEXFILAEH, SER ZRHEZ=RUE=MNMNERRA%
fnpta: SE=Y: G

- SER BUEMAEAXE, =BEIL LR,

)<1¢}
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Qo 3ERE R2 #1 SER

* R2 HERYZE OLS BFLENHMIFENIMEIEE, HELALSHRHLZSE
fCRUEEREEET] . SER B2 EFAMIRERA%MITREFIER.

)<1EH

¢ R2 E’JEWE SCEITE 0 F0 1 Z18], #¥zir 1 UREVIZT = 6EYVS B IFRIRERF

+ SER HUE#ME, RNEXARALZSTNEZ SN ERERS.

» RZHYEMEM (SER WEUES) , #FAMUFEK OLS [BI)3“4 sk “14F”,
ERREFAECNETENEMERERER (BEEHEDF)

29
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« HFEFEFHD:

Model > Ordinary least squares >

» FEIRIZRIVH:

ols testscr const str

f ‘\\ Y, = py+ )X+ u
p=a=:] o] |95

KT = T = = pol + )1 X; + u;

30



£ gretl %17 OLS [0]')3

Model 1: OLS, using observations 1-420
Dependent variable: testscr

coefficient std. error t-ratio p—value

const 698.933 9.46749 73.82 6.57e-242 kxkxkx
str -2.27981 0.479826 -4.751 2.78e—-06 kxxk

Mean dependent var 654.1565 S.D. dependent var 19.05335
Sum squared resid 144315.5 |S.E. of regression 18.58097

R-squared 0.051240 | Adjusted R-squared 0.048970
F(1, 418) 22.57511 P-value(F) 2.78e-06
Log-likelihood -1822.250  Akaike criterion 3648.499

Schwarz criterion 3656.580 Hannan-Quinn 3651.693
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XAl &R #EE A F

* OLS {HiHErT ARIFMIEIE X T Fullag a2, B1a0=—1F XAy
RAERN BT, FATAT AR Z X RYFEYZ AR

. @%ﬁﬂ‘]Ei?&/DE’ﬂ%*%ﬁw, B IERN RS, AR

=E _, =ANERRN %S
o 7ERBALXTER IR, MIRRREIRMN AT ARIAA

H AT AT R FR AR M3 BR A RO RE A E (B SR A i

» 3 X BUEZERN, ErEBMREBTIRENERL T, BRI AINEY
OLS [a)Afhit, LEREAIZERKI% /i EERARMAN, BIS X Em—1
BAIRZ Y TR,
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H1TERIEERFAFEEAY OLS {Rix

{Fz

s BRIz 1RIETHESE X, NERT, HiE=
A8, BNTTSE X5 u AMEX (E(w | X) =0= corr(X,,u;) =0)
Bl X; 4\2,\1’@,§§%ﬂﬂ HH__TX AsBd E T = (8)igithss

I=ZED u; 818 7 M FRA T EEX [

TR

nECY; | X)) = py+ b X,

RN RIS, BT X, SHEIEEN, EBEMEMIR

SR (X Mouw, M3 = E(u, | X)) = 0) .

VLN, BAVTTEES X, SHIREN, RI1SS
SHENGES, BMRIE E(u; | X)) = 0

MR Y A X, e

E(u; | X)) #0 (BEA

£12F) ,

m, MRS

A
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H1TERIEERFAFEEAY OLS {Rix

ik 2: (X, V), 1= 1.2,...,n AMIEDH

» XMFRixERB—AHYWNE (X;, V) &ikME—TEXE D,
ANEMNME 2 [E]HH B IR,

» NRBFAZEMN—TEFREVHESF LN, FUHEX TRIR.
» REHMFPERIEIEH X TMRIZ,

» BEHREAHEX MR, HIU0:

o JEREALITERIEG - QD%QEQ%DRTR’?\?HEJUJ TRy, MAIEER IR RE,
R LA R 2 BV FRiIR

« IEIFRFIEHE: RNLFHR P E RN EFIIHE, Sh—E=EAEHE
SPETLNZIROEHE, HEMRMSTERENERE. XMSEEZTE8HEX
(autocorrelation / serial correlation) , Bl X, # X,_; Z[BfZfEEXE,
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H1TERIEERFAFEEAY OLS {Rix

ffriz 3: AXAIEEHLIMAFEE

* OLS [HITH AR B EFSHE., EAFBEFENRRL MREHAR
HE A EEREEXIE,

Y
2000 —

Pl%‘l'{E__l- ﬁl:/ _*&TEI'IQE% 1700 |-
*D X IH l_-|-$£ H Ellj 9Ei3':'eo 1400 |-
1100 —
nRsEmAEINEESR
IEf, NREEE, TR B
S N 500 —
{2 IE B RT BRIZUGE .
200 Soo-o—"v . .
OLS regression line 4
| elxcluding outlier | |
030 40 50 60 70
X

s NEEXRFEENSFmAESET=0NMMEIEZHFIR, Bl
0<EX) <oo, 0<EY) <00, EEDTHBILLEM,
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H1TERIEERFAFEEAY OLS {Rix

é:l:

IN=E

1. 9% X; MRZED u; NFEEDHIENT: E(y, | X) =

2. (X, Y),i=

1,2,...,n NIRIL[E D

3. RAHREHMAZTEE: 0 < EX) < 00,0 < E(Y}) < o

« DA ERIxRRIZIRT, £ 7<7|‘$Z|§%%1¢F_F, OLS fair=AE —HtHA

MFDMmALESD

o U ERIZEXEFFPFESMIL, XHRE] OLS {Hit4ES

NERKZR
2) , DAKAA

)<r /I'-U
F A
Iy
O]
N
=2
i
+HX

(FRix1) , BEMNZNEAFEHITEIE (Rix
REWAERE (Rix3) .
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OLS {RixfIEMEZRZARF T

* |n Baltagi (2011), Econometrics, 5ed, Springet.
« X NAEREN T EAT:
() E(u;) = 0; (i) var(uy) = o; (iii) E(uu) = 0; (v) RMFEAREE
(i), (i), (i) BT AB B L u; ~ 1ID(0,62)

« X NFENIZ =T
(") E(u; | X)) = 0; (i) var(y; | X)) = oy (i) E(uu; | X;) = 0; (iv)

* |n Stock and Watson (2011), 3rd.

s RiIx1 e (); FRIR2 = (i), Rk 2+ BIHE = (i), KR 3 = (iv)
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2 /Z\

- YHERREMAZEDFIH

E(Y) = py,

Y 2FAmE

Lk

ERARML
}/i ™ N(MYa o

2

% =

)
¢ EARERHT:

sz - X7 p Y B _zhjt
K IR Y > uy, 7% B

FSDTRE, Y BARML

var(Y) =

AR Y, FUERERENI A E.

2
Oy

I

63\

d

o

AJ)

C

Y ~ N(py, oy /n)

C S N(uy, 51%/”)0

OMRPREER: Y A9 FRI A
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B, Hl B HIHMEES T

. OLS {4t f, 7 f, EHZEE.
. % OLS (IR, [0 | HAIR fo M p) MFRikHE:
E(EO) = Pos E(ﬁl) = P

. 7 OLS [BIg T, MBHBARAKM, W f, M B, RMBEESH
AT, Sy B NG BHBRESHT:

~ oo uvatHw) o [ oy
Po~ Ny, Gﬁo)’ UﬁAo "~ n [EHDR’ R H; =1 [E(Xg)]Xi

,3\ - N(p i2) o 1 var[(X; — uww] B Hl B, B—EiEitE
I PEg7 T n var(X)P BT MM R4.3
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X, A EMA, W 5, K752k

4 . A . )
U3 The Variance of 8, and the Variance of X
The colored dots repre- Y
sent a set of X;'s with a 206 —
small variance. The black
dots represent a set of
e wai : 204 — ® o
X;s with a large variance.
The regression line can . °
be estimated more accu-  5p [ o ¢ o © o ¢
rately with the black dots ¢ o* P
) .. o .’ [ )
than with the colored ® ¢
® oo e o
dots. 200 — ° ®¢ 0 $
w %° . .
® o
198 o op®
o
196 —
o
194 | | | | | |
97 98 99 100 101 102 103
X
N\ J
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