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Linear regression model HOREAL / SR E R
o e population regression line/
o —ITZL|E[O])ArEEY population regression function

Vi =[Bo + BuXil - us

VA

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

independent variable / regressor
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OLS fhit=. FEMTRZE

OLS estimator, predicted values, and residuals

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

B, — i (Xi = X)(Yi—Y)  sxy

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

sample regression line/
sample regression function



g/ N (1%
The least square assumptions

— ool A= 8

Yl:ﬂo‘l'ﬂle U. | = 1,2,...,n

l,

R/ N SRz 9

1. BF X, FHRET u, (S HSIERE: Ew | X) =0
2. (X, Y)),i=12,..,n HIMIEH
3. RAFREHMASEME: 0 < EX) < 00,0 < E(Y)) < o0

» A ERIXENIZIN, OLS {itE=iRibaitE, FRINHEAFARE
, N OLS it A —HItHEmME D mAESD .
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p BRI

Hy:py =P Hy: Py 7 Pro
s I GIITEN
- PP
SE(/))
A [~2 A2 1 niZ Z?:l X; = X)* iy
B SE(f,) = 63, 03=—X 1 i
e LY (X=X

SHEREMEIR (heteroskedasticity-robust SE, HC1)

[

\
A
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STAR ZUEEE

» STAR #EE R BERZID testscr T2

testscr versus str (with least squares fit)

total enrollment 0Ty T 699, - 208X —— |

e number of teachers

* number of computers

660

testscr

e computers per student 640 |

620

e expenditures per student

600 | | | | | |
14 16 18 20 22 24 26

« student teacher ratio
* percent of english learners
e percent qualifying for reduced-price lunch

» percent qualifying for CalWORKSs
(California Work Opportunities and Responsibility to Kids program)

e district average income
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A

SEMMEES X HXH

s RiruFPERETE=Z, BHZM X IEBX, BERRIR Z Y
IRII=5l#e Y B9IEI0,

C B X 3 Y BIER 5, > 0, BD X HAn—eas, Y g g,
g i,

« XM AXN, ZRBENIEN AZ, N YNZTHEN

AY = B, AX + f(AZ)

AUEEA TR EIR Y FEAEEERR EH X 5[ mIZEMAR, M
Mm-S AR ZAVEITELEERX{E ) K (overestimation)
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BiREERE

Omitted variable bias

s NREFTES5 O AP RIENH N ERT SRS D REFEANE
M2 (BKETE, omitted variable) t8%, NI OLS {4it=
HRETE{RZE (omitted variable bias) .
=hmeE NIFENEFEIRRTERE:

1. BRE=MEVTT=HEHK,

N
i
Al
G
Gl

EAZEN—TREAE.

ra \1?9& BIF:
o | | o 1 EEESIEESM: RE 12
Yi = Po + P1Xi +Hui|< HWZE o =i o821, @52

S~ = - 3. EPPENBESE (BMEEHER

FRAFEAR) - JFeE 1 BRNERE 2,
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2m X = RZERFC

. MEBE—% OLS Bi& E(u; | X)) = 0 A/

- NMRFEERE=RE, N

O [&i Dif

=__Z

% —5% OLS fRixAEizL, N OLS fhitE=2 B ke (&K

corr(X,,u) #0 = E(u | X) #0

/l

RERRE) . X MREMBEARA FHRRMUE,

A

S HtT=ZIF—EI, @KL =RE Y OLS {G1T=)#H

A 0]
IBI £> ,61 ~+ pXu_u, JH:% ,OXM = COIT Xi’ Mi)
Ox

13

H corr(X, u;) = 0,

LEEFR Y

IEE



S EIPSE - Lic



Z ool IRE

Multiple regression model

Z I EYIERY (Linear regression model with multiple
regressors) :

Y; = py+ 01Xy + X+ ..+ 0, X,y

SRE]FRREN:
E(Y | XI’XZ’ ,Xm) — ﬂo +ﬂ1X1 +ﬁ2X2 + ... +ﬂme

IR Ly : HEFE X, (i=1,...,m) #EER Y REAEE,
R p, 0 ®mIFEM X TN, X, TH—1TEBU5[ERN Y IERET{L,
& X IEEXFNTE, IBEREMBEET=MAEHIZ= (control

variable) .




SRR IR EIRZ AR

SMAEIARE = f) + /1 X + 5, X,

Po



OLS {&it=

I~

+ EAREH OLS (&t o, B, ... 5,, B TOIHIIZES
SHENWRREAS

Z(Yi_bO_bIXIi . _meml)2

=1
. SRERFTE: DRI bk KBS, TEm+ 1 N,
m+ 1 NEMERR. By, Br... B, BRIZTTEA

» OLS AT —MRANFERERFRE, BXBHNEZFAINS
ZRT/\E,
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XJ testscr B Z O30T

« JEFIERBRD
T&= (testscr &

TEIERNEF A AVI8]IE

BRI DAY R -

A

O

-G
gl

BZ/J\1EE_

. Y = testscr

_E’an

3T =: X| = str, X, = elpct

a3

'EE, el _pct, =R T A&
e NFMIENERRGAVFIIE, Fdl-

" 4 A

=)

JFHERL: testscr; = f, + fistr; + prelpct, + u,

e grerl %
ols testscr const str el pct —--robust

18
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Zool)3ER

modell: OLS, using observations 1-420
Dependent variable: testscr
Heteroskedasticity—-robust standard errors, variant HC1

coefficient std. error Z p—value
const 686.032 8.72822 78.060 0.0000  xxx
str -1.10130 0.432847 -2.544 0.0109  *x
el_pct -0.649777 0.0310318 -20.94 2.36e-97 xxxk

Mean dependent var 654.1565 S.D. dependent var  19.05335
Sum squared resid 87245.29 S.E. of regression 14.46448

R-squared 0.426431 Adjusted R-squared 0.423680
F(2, 417) 223.8229 P-value(F) 9.28e-67
Log—-likelihood -1716.561 Akaike criterion 3439.123

Schwarz criterion 3451. 243 Hannan-Quinn 3443.913
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—JoE/A%ER

Model 1: OLS, using observations 1-420
Dependent variable: testscr
Heteroskedasticity-robust standard errors, variant HC1

coefficient std. error Z p—value
const 698.933 10.3644 6/7.44 0.0000 Skskok
str -2.27981 0.519489 -4, 389 1.14e-05 sk

—oEAFRE f, [MITERK (LXI1E)
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) 19.25943  P-value(F) 0.000014
Log-1likelihood -1822.250 Akaike criterion 3648.499

Schwarz criterion 3656.580 Hannan-Quinn 3651.693
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R2 ¥MEE R2

« EEZTRIARER, RPIEXMKIBE
o 2 (i-Y)?  ESS
Y (i -Y)2 TSS
i SSR

SEL(Y,-Y)2 TSS

FRAFEMRIEAZ S REULERFAET, SUWRZEMEIZETEN, SSRMSBA, HLL R2 7
IR, MR LBIFREAEEA N —ERERSRENNEIEE, FIFEEX R2 #ITEIE,

- FREM R2, BIR* K

§2—1— n—1 SSR
B n—k—1TSS k REVAT 2N

- R 1yiMfE:
. R? WEVEFT/TF R?
. [EYATEHME R? A—EHi0, R? M REUAFHIMANETT SN ETSEMHIA/N,
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Zool)3ER

modell: OLS, using observations 1-420
Dependent variable: testscr
Heteroskedasticity—-robust standard errors, variant HC1

coefficient std. error Z p—value
const 686.032 8.72822 78.060 0.0000  xxx
str -1.10130 0.432847 -2.544 0.0109  *x
el_pct -0.649777 0.0310318 -20.94 2.36e-97 xxxk

Mean dependent var 654.1565 S.D. dependent var  19.05335
Sum squared resid 87245.29 S.E. of regression 14.46448

R-squared 0.426431 Adjusted R-squared 0.423680
F(2, 417) 223.8229 P-value(F) 9.28e-67
Log—-likelihood -1716.561 Akaike criterion 3439.123

Schwarz criterion 3451. 243 Hannan-Quinn 3443.913
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Z I EO)ARERT OLS fRrix
Z o) E
Y =5+ X+ X+ ... +p, X, +u, i=12,...,n
M BN TR N -
1. 87 Xy, Xy -0 X,y RNREDN u; NEGSHINERE:
E(u; | X, X5 ..., X)) =0 (FEEEREE)
2. (Xin Xosr . X, V), i = 1,2,...,n RIMIIE ST
3. ARABEEHMAFEE:
0<EX)<oo,k=1,.,m 0<EY") <o

4., NMFEREZEHLEM (perfect multicollinearity) (fRIEBEEZITE OLS ffHit=)

» U ERIRRIZIRS, OLS {fitERXmATTE, AEAFRNEGF FTRMEXSESS M, BE8T

P BM N, 0%), k=0,1,...,m,

23



SERZMN

Multicollinearity

)EI IEﬂ

ZEHE:
O
/—:

SEHGTER
%

71171;4:\ (imperfect) Z%E

—[o

@yi LA RS (perfect multicollinear) |

AE =S EM AT ST HSHT,

HiLM (perfect multicollinearity)

Zlm: FoiAiT & OLS {fit=,

BEHREE0 T ENES)
St — T E)FE=

Elﬁ x*ﬁ?&'faxzu/\dﬁ;&
« OLS {ait=R¥7IER

« OLS {Hit=tnEEaIER, &

24
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MEAM

O

@b (dummy variable trap)

)=

s

AR
>Z



ZE AR

[E]Y33F
« 7£ gretl FAI LA T 21T BT =8 9E K REEE

SRR IEXIER

corr str el _pct calw_pct avginc —--plot=display

Correlation Coefficients, using
critical value (two-tailed) = 0.0957 for n = 420

)
)

EWIIII

el_pct -

calw_pct -

avginc -

str el_pct calw_pct
1.0000 0.1876 0.0183
1.0000 0.3196

1.0000

Correlation matrix

I |

1 0.5

10

25

the observations 1 — 420

avginc
—-0.2322
-0.3074
-0.5127
1.0000

str
el_pct
calw_pct
avginc



Z B H s Rt
Variance Inflation Factors (VIF)

» Variance Inflation Factors (VIF)

1
1 —R?

\

4k RZ 2REMEITEMIT X, IHSZIM R,

. BT ols HLIEET vif LTS

Variance Inflation Factors
Minimum possible value = 1.0
Values > 10.0 may indicate a collinearity problem

str 1.036
el_pct 1.036

VIF(j) = 1/(1 - R(j)”~2), where R(j) is the multiple correlation
coefficient between variable j and the other independent variables
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FEZSEHAZMENZE AT

. 7? STESEHRGENEIRETAGE, Rz =R #H
TIEE, FlNEERERIBNE)TEE,

. AEL S EHEMHFENEEIEREFETE, ST LE
ANEFEEXXEEEEMR (MWiE Fﬁxgﬁrﬁaﬁﬂ’]/\_X)

o EFREFN BB YT AN SRINLENBIRIZE, 9kﬁﬁ577<
N TR WA FEE—IRE., VIF XF 10 BFREXINE

2=, AOZEM. WREVIRIES E’JE%?E%AX,JTY
RIEISRA A, WEAR[E])ITE SR VIF ] 2R,

e A ABE M RILUR/)Y OLS it E MR HEIR,
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HET R FRIxtLls

s 1 RITEN

\
JH

2 SE(,)

E%Jﬁ=ﬁm

P b

SE(f)

)

|

THERIEL

B RNTETF(E
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[B]Y3%5

modell: OLS, using observations 1-420
Dependent variable: testscr
Heteroskedasticity—-robust standard errors, variant HC1

coefficient std. error Z p—value
const 686.032 8.72822 78.060 0.0000  xxx
str -1.10130 0.432847 -2.544 0.0109  *x
el_pct -0.649777 0.0310318 -20.94 2.36e-97 xxxk

Mean dependent var 654.1565 S.D. dependent var  19.05335
Sum squared resid 87245.29 S.E. of regression 14.46448

R-squared 0.426431 Adjusted R-squared 0.423680
F(2, 417) 223.8229 P-value(F) 9.28e-67
Log—-likelihood -1716.561 Akaike criterion 3439.123

Schwarz criterion 3451. 243 Hannan-Quinn 3443.913
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[E]YAZEREVZR D

* SIARIBFZIEBEDLE el_pct AY[EIVFERELH
testscr; = f, + p;str; + prelpet. + u,

o325 R FTAS BX

\
JH

testscr = 686.0 — 1.10 str — 0.650 elpct
(8.7) (0.43) (0.031)

* RN HESANREIR,
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ExSFRiZta5%
Joint hypothesis testing

R (restriction) BIRIZEFIR AKX

o« XJEIJAREEI 1 AR EA EAE

1% (joint hypothesis) .

* B g TARNEERIR:

Hy : pr1 = Pr1os Pro = Progr -+ :qu = :qu,O
H,: Hy P g TARPIN—TEZ T HYRAKIL

ST <4 BN S R
Hy:p,=0,p=0, ... =0
H, : BOGEEENKES #0, k=12,...,m
. BABETNETIHE F AR RESRHTRIG, ¢ M5
i F it BEARETRM F, o, 9%,

32
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[B]Y3%5

modell: OLS, using observations 1-420
Dependent variable: testscr
Heteroskedasticity—-robust standard errors, variant HC1

coefficient std. error Z p—value
const 686.032 8.72822 78.060 0.0000  xxx
str -1.10130 0.432847 -2.544 0.0109  *x
el_pct -0.649777 0.0310318 -20.94 2.36e-97 xxxk

Mean dependent var 654.1565 S.D. dependent var  19.05335
Sum squared resid 87245.29 S.E. of regression 14.46448

R-squared 0.426431 Adjusted R-squared 0.423680
F(2, 417) 223.8229 P-value(F) 0.28e-67
Log-Llikelihood -1716.561 Akaike criterion 3439.123
Schwarz criterion 3451.243 Hannan—-Quinn 3443.913

HIEEFAERBINERE, W F ittt 51 ERER
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WREZET REBIRET29RGN

» BNEAIFENRIDD KM TEZ T

RISIE 4 = f, WRHX FHUBIR#THG:

o

O

HRMBIE TR, a0, XK

Hy:py=p; H :p#PD

o £ gretl B, FEA1rIAFG1z1T OLS

O

 ENRE—NOREL, g =1, FUTBEARETRMF, 9

3, ZE#HITIN

ols testscr const str expn el _pct —--robust

rest rict/'/'

b[2]" - b[3] =0

end restrict
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[B]Y3%5

Model 2: OLS, using observations 1-420

Dependent variable: testscr

Heteroskedasticity-robust standard errors, variant HC1

0.0144 >k
1.21e-94 k%

19.05335
14.35301
0.432529
5.20e-65
3433.615

coefficient std. error Z

const 649.578 15.4583 42.02

str —-0.286399 0.482073 -0.5941

expn 3.86790 1.58072 2.447

el_pct -0.656023 0.0317844 -20.64
Mean dependent var 654.1565 S.D. dependent var
Sum squared resid 85699.71 S.E. of regression
R-squared 0.436592 Adjusted R-squared
F(3, 416) 147.2037 P-value(F)
Log-1likelihood -1712.808 Akaike criterion
Schwarz criterion 3449.776 Hannan-Quinn

3440.003

Excluding the constant, p-value was highest for variable 14 (str)
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WETELES

Restriction:
b[str] — blexpn] = 0

Restricted estimates:

coefficient std. error t-ratio p—value
const 685.822 11.3696 60.32 4.31e-208 *xx
str —0.854052 0.459004 -1.861 0.0635 *
expn —0.854052 0.459004 -1.861 0.0635 *
el_pc —0.050090 0.0396393 -16.57 9.96e-48 xxxk

Standard error of the regression = 14.5489

36
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BiRiE

Model specification

« ENAMRA, BMNLEFTERERMEZSMWALRIRE, BEEE)TRENE
BEn (RERRERED RIIRHMERLAE)

« XETIFEETAKENRR, BEAFEERTAERRONE, WREFRE
FHEERRERE, MESRBERZEIRIR, MXBURTIRISLIUE D) | #

=

=

o BETRWAR, S5 NBRERENERFZOTEMNEATSERS, BREEX

AT EEHTEE, EFzOFT=EMmESHEANEMIZERN (base
specification) .

. EIIFIHEERIENZIXIZRERR (alternative specification) , EIZENEATEES,

BEEMIRBTIEICFIBTE SN ARBENETHIZE S,

s MREFBXRFNAMGITEERMKER NN FRIRENNRRNNEARS, MAEH

INAEMIRERVRHENGITTER I ERN, RZNRFEMSELAAEFERREER
% o

« AEIRSE RZEYIAE R WEVEABTERENIRER S TIE,
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j2 =R

« £ OLS iz’ &, FrEREZ =& R AHERBIRMAL, BT
MEZEHES, TERRTHREBNAXBME, T DX,

« ANRFF OLS frix 1 BEN MIFMHIMEIMILFRIR,

E(l/tl | Xll’ le, .« "XWZi) — E(l/tl | le, .«

B0 u, BOSAHETEIT X, W X, K3

EHlE, XifR, X FREHA

=]
BEo

s EEMERTBIET, BHERMATTUNMIZETIEX, b2t
AU ERTRREDIN, MRBA

RN E, XMREDE R AIZZR,

MEEREANARKR,

A

38
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. : '
17:1:] 1 8 B Results of Regressions of Test Scores on the Student-Teacher Ratio and Student
Characteristic Control Variables Using California Elementary School Districts

Dependent variable: average test score in the district.

Regressor (1) (2) (3) (4) (5)
Student-teacher ratio (X)) —2.28 —1.10 —1.00 —1.31 —1.01
(0.52) (0.43) (0.27) (0.34) (0.27)

[—3.30,—-1.26] [-1.95,-0.25] [~1.53,-0.47] [-1.97, —0.64] [~1.54,—0.49]

Control variables

Percentage English learners (.X;) —0.650 —0.122 —0.488 —0.130
(0.031) (0.033) (0.030) (0.036)
Percentage eligible for subsidized —0.547 —0.529
lunch (X3) (0.024) (0.038)
Percentage qualifying for income —0.790 0.048
assistance (X}) (0.068) (0.059)
Intercept 698.9 686.0 700.2 698.0 700.4
(10.4) (8.7) (5.6) (6.9) (5.5)
Summary Statistics
SER 18.58 14.46 9.08 11.65 9.08
R?2 0.049 0.424 0.773 0.626 0.773
n 420 420 420 420 420

These regressions were estimated using the data on K-8 school districts in California, described in Appendix 4.1. Heteroskedasticity-
robust standard errors are given in parentheses under coefficients. For the variable of interest, the student-teacher ratio, the 95%
“confidence interval 1s given in brackets below the standard error.
- J
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Table 4
Individual Contribution to the Public Good

Dep. var.: Individual contribution to the PGG

Model 1 Model 2 Model 3 Model 4
Northern Italy 1.213%* 1.161%%* 1.066%%*
(0.580) (0.432) (0.429)
Latitude 0.195%**
(0.057)
Individual choices over lotteries
Strongly risk averse 0.806 0.806
(0.572) (0.569)
Risk neutral/risk loving —0.921* —(0.895%*
(0.445) (0.450)
Task comprehension (1 = low) 0.757 0.819 0.822
(0.739) (0.731) (0.725)
Socio-demographic characteristics No Yes Yes Yes
(control variables)
No. obs. (individuals) 372 372 372 372
R? 0.015 0.085 0.101 0.106

Notes. OLS regression with standard errors robust for clustering at the session level (in parentheses). The
dependent variable is the contribution of one participant averaged over all rounds of the PGG. The default
category for risk preference is: moderately risk averse. Socio-demographic characteristics are listed in the
main text. ¥*¥¥ ** and * indicate significance at the 1%, 5% and 10% level, respectively.

From Bigoni et al. (2016), The Economic Journal, 126:1318-1341

A guide for how to format tables and figures:
http://abacus.bates.edu/~ganderso/biology/resources/writing/HTWtablefigs.html
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BEST (TRER)

£ 7.6 THAENEHREFNDITER.

o £ gretl 1, modeltab ap< ] BAZE By 1#IEF] 3 HP SRS
=15 . B{SHEZ2 command reference,
(GE: gretl TEBRMHEIERE, REBRBIWBALEEFEIRIE, )

{51

modeltab free

ols testscr const str —--robust —-quiet
modeltab add

ols testscr const str el pct --robust —-quiet
modeltab add

modeltab show

\np

\\ :—
o [H]713E
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