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Kleiber & Zeileis, Applied Econometrics with R, Springer.: Section 3.2

> data("CPS1988")
> cps_lm <- Ilm(log(wage) ~ experience + I(experience”2) + education + ethnicity, data = CPS1988)
> summary(cps_1lm)

Call:
Im(formula = log(wage) ~ experience + I(experience”2) + education + ethnicity, data = CPS1988)
Residuals:

Min 1Q Median 3Q Max

-2.9428 -0.3162 ©.0580 0.3756 4.3830

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 4,321e+00 1.917e-02 225.38 <2e-16 sk
experience 7.747e-02 8.800e-04 88.03 <2e-16 *xx**k
I(experience”™2) -1.316e-03 1.899e-05 -69.31 <2e-16 xxkxk
education 8.567e-02 1.272e-03 67.34 <2e-16 xxk*
ethnicityafam -2.434e-01 1.292e-02 -18.84 <2e-16 *x**k

Signif. codes: 0 ‘xkx’ 0.001 ‘xx' 0.01 ‘x' 0.05 ‘.’ 0.1 * ' 1
Residual standard error: 0.5839 on 28150 degrees of freedom

Multiple R-squared: 0.3347, Adjusted R-squared: 0.3346
F-statistic: 3541 on 4 and 28150 DF, p-value: < 2.2e-16
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>> load hospital.mat;

>> mdl = fitlm(hospital, 'interactions', 'ResponseVar', 'Weight', ...
'PredictorVars',{'Sex"', 'Age"', 'Smoker'}, ...
‘CategoricalVar',{'Sex"', 'Smoker'});

mdl =
Linear regression model:
Weight ~ 1 + SexxAge + Sex*Smoker + AgexSmoker

Estimated Coefficients:

Estimate SE tStat pValue
(Intercept) 118.7 7.0718 16.785 6.821e-30
Sex_Male 68.336 9.7153 7.0339 3.3386e-10
Age 0.31068 0.18531 1.6765 0.096991
Smoker_1 3.0425 10.446 0.29127 0.77149
Sex_Male:Age -0.49094 0.24764 -1.9825 0.050377
Sex_Male:Smoker_1 0.9509 3.8031 0.25003 0.80312
Age:Smoker_1 -0.07288 0.26275 -0.27737 0.78211

Number of observations: 100, Error degrees of freedom: 93
Root Mean Squared Error: 8.75

R-squared: 0.898, Adjusted R-Squared: 0.892

F-statistic vs. constant model: 137, p-value = 6.91e-44
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Busse et al, (2015). The Psychological Effect of Weather on Car Purchases. QJE, 130(1):371-414.
https://doi.org/10.1093/qgje/qju033

TABLE III
ErrecT oF WEATHER ON FOUR-WHEEL-DRIVE PURCHASES

Dependent variable: indicator equal to 1
if purchase was a four-wheel-drive

Full year Quarter 1 Quarter 2 Quarter 3 Quarter 4

Temperature —.032%*  —.038** —.018*%*  —.029*%* = —.(038%*
(.001) (.002) (.003) (.004) (.003)
Rainfall 084 %% 119%* 081%* 0547 132%%
(.014) (.036) (.026) (.023) (.032)
Snowfall 1.81%* 1.67%* 72 125% 2.11%*
(.26) (.33) (.82) (53) (.48)
Slushfall .5047+* .540%* 27 —.029 169
(.077) (.110) (.22) (.167) (.166)
Cloud cover 461+ 337 H12%* .383%* .598**
(.039) (.072) (.077) (.087) (.076)
Year fixed effects X X X X X
DMA*week-of-the-year X X X X X
fixed effects
R-squared 0.086 0.086 0.074 0.084 0.097
Observations 39,984,509 9,150,047 10,205,673 10,608,527 10,020,262

Notes. Coefficient values and clustered standard errors are presented from OLS regressions of an
indicator for whether a car sold was a four-wheel-drive on weather variables: temperature (°F), rain
(inches), snow (liquidized inches), slush (liquidized inches), and cloud cover (fraction of sky covered).
Fixed effects are included for each year and for DMA*week-of-the-year (week 1-week 52). The first
column uses all the data and the next four columns present results separately for the four quarters of
the year. All coefficients and standard errors have been multiplied by 100 for ease of presentation. Thus
each coefficient represents the percentage point change in probability of purchasing a covertible. Standard
errors are clustered at the DMA*day. * significant at 5%; ** significant at 1%.
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The ldea of Hypothesis Testing

ZEmEFIRE

y,=pf+u,, u ~ID0,5%

BT OLS i EHRE f=— Y . Var[fl = o>

n

BB ELAEFH f 2 mEEMMESIFME, Blal
Hy: p=py vs Hy: p+#p

H, 2ZFi% (null hypothesis) , H; @& {Rix (alternative hypothesis)

BANETXS Hy #1THRIE, MEEAE—TRR5IT=E (test statistic) , AMEEFE
1. SFEIRERN, RMOMEXFITERM DA
2. 3FRirtEx (AIEFRIRER) N, BNMEZSITERMDT B # A,

NRFBRIZ EBINEMREEARATNESITENEVENE, FITMEEBEEERIXEERN.
SIEAZT O, BAIENATIEL (reject) FfiRik, MiRE TR (accept) FERIX.,
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Sit=E7
Distribution of Test Statistic

BREBIBES®RIE Hy: = py KL (XE8 [, MR P fESEE) . BNEI)ER
1% u, RMIESDE 6 240,

— T ERIRESITTERE

= ,5—,50 = ﬁ(ﬁ—ﬁo)
var[f] °

AN f IR, MESBST EZ] =0, 05ER

Varlz] = E[z%] = ZE[(f - f)1 = LZ = 1

MR u, BMESHTE, z BRMESST, Bz ~ N(O,1).

WRERBIE H, : [ # Py B3I, BHNEEL =, # Py, WEL =P, + 7. A% 7 BM
N0, 6%/n), Btz ~ NA,1), A= @(ﬁl — B9
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Rejection and Acceptance Regions

Hy: p=py = z~N(QO1)
H : p#p, > JIEEMP=p, z~NAI), ﬂ=@(ﬁ1—ﬁo)

= n BUAR, MEFFRIKT, KERAIUINE z WBEZEEARARNE., WREATHHESTILN
2 |z| > 0, FrILAIEEERIX,

BANFESHME—THEEZRIAIMN, BEBNNRE—TIELLE (rejection region) , =z
RBEE XY, MIELERIR., 0 (test) = WIGGITE + EERNN], HELEFATIMYXE

=f&>15 (acceptance region) .,

N(O,1)
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A ARRIBENLIE, PREWRIGET P REHINTRIR,

B E FEMMEINTEIR: oISt Ea
EZERIR BB TR
FRIZARIL I Type | error
BERIgHAL Type Il error IET#

1030k size: Pr( type | error ) = Pr( reject H,y | H,)
1IORITIRN (power) : 1 — Pr(type Il error) = 1 — Pr( accept H, | H,)

MIGRIEMEEE ]\, size RLE)\, BRI/, EUILFTAERRIE/NMIPEEIRAE
X, BATEERBE— T IEZN size, ARAERBRINNGEANMKLLSGE (the Neyman-
Pearson approach) .

MRETIESHRAK size B (1F type | error RAENRAER) FRAKMIGH EEMEKTE

(level of significance) , BEICIE o,




WIEBIE 7 > cp

H, TRITE0m H, THRITE0

OT CR/l\

Pr( accept H, | H,) Pr( reject Hy | Hy)

HIEREE 7 < Cr

H, THSHES T H, TS EH %

T r 0 T

Pr( reject Hy | Hyy) Pr( accept H, | H)
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Critical Value and the P Value

HA NN EZFEKT o i, BA)TNBEIEE RFENS TV E Bz aEEsE,
2 SUTERMINEIES D, MXRERINRYIEFE ¢, FTABE FEAIFREEEE X

D(c,) = 1-%

& ¢, = (D‘l(l—%) (B - po)

O ZinEES D EIRR D MmRE

_.Ca O 2 é01
LEATVLNRNSIHE 2 1, A8 2Pr(z > |2]) EX RIZI0H P& (marginal/observed
significance level) . P {ERIGFMEN Z AIRIGFTX N EZF HKTF,
BT EEE P B a BOK/N, RILAEWIMBHIBTIGIOER (IBEEIESERIR) .
PESH#AZENEMN, HAE n @K, BEMBEA, PEME/N, BLb, TEAERT, ]

AIZ ish A

NMNEEM 5% 81 1% EHEFHKFREEE (NIRFEEN a) , AXREHETHENSFFES
M (AR RITRED)
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The Normal Distribution

73§EG'I /%m_o
N(u, 6%) EE RIS
flx | p,0%) =

WM& x ~ N(u, 0%), Mz =

* RMIESSHRIBUETEMNEEESHARMIER

(pp.130-132)

EAS \7FE1'|_7,$J\H Hiofn (Gaussian distribution) , HEREE{E u

(X—MV>

V2r

exp(——

x_

£~ N(,1).

e
3
st
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The Multivariate Normal Distribution

fEtlmE x = (X, ..., x,) BRMEREEER p, MHEREREN QB
%EEI’F&%*‘TM%‘%L% x ~ N(pu, ), HREREN

1
flx | p.Q) = —exp(—5(x —p)'Q ' (x — p))

m/?2
(27T) | Q | E¥ Q SHh5EER, FESLEE,
YE Q T, FEEEERE.,

c MRx ~Np,Q), Ma'x ~Na'u,a'Qa).

» IR x BRMZEEIESTM, BEMAERLAFT (EREEEA
*E;é) \I.J -xla °°°9xm $EE3E—LO

fHEMIZ (mutual independence) :
SO, g, oo X)) = fO0)f () (%)
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The Chi-squared Distribution ... |

Lk

EHLEE 7 ~ N0, 1) i, BENZEE o] N

=1

_ 2 —|— m 2 0.05
yE|z[|F=z"z= Z <t T N

BRMBEBERN m B9EKH5 9% (chi-squared distribution with m
degrees of freedom) , By ~ y*(m).

 Eyl= X" Elz1=X" 1=m
« Var[y] = 3" Var[z] = mE[(z} — 1)°]
=mE[z* 222+ 11=mB -2+ 1)=2m

o Vi~ Hmy), yy ~ Rmy) = (v +yy) ~ yi(my +my)
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TEIE 4.1
1. WREER mWBENEE x ~ NO,Q), Mx'Q 'x ~ y’(m);
2. WR P 2EeERR rank(P) =1, z ~ N,I) 2KEHR n WHEHNEEZE, Mz Pz ~ y2(r),

UEER:

1. QRNMEEER, REEES SR A HE Q=AA" (Section34) . LREE
z=A"'x: Ez]=E[A”'x]=A7'E[x] =0, B

Var[z] = Var[A “'x] = E[A " 'xxTA")™]
=ATE[xx"]AT) '=A"TAATA ) =
Fibz ~ NO, D, fix' Q@ x=x"A)"'A x =27z, FAAxTQ 'x ~ y2(m).
2. % P1REE n X r 1B Z 0508, B P =Z(Z'2)"'Z7,
7' Pz=2'2(Z'2)"'2"7

MBS x=2Z"z, WE[x]=0,Var[x]=E[Z"zz"Z]1=2Z"Z, At x ~ NO,Z"Z), "R
2 Pz =x"(Z"Z) 'x ~ y*(r),
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Student’s t o
The Student’s t Distribution o

Standard Normal

ME z ~ NO,1), y~ y*(m), B
z My BEIHRAL, N

y | | | | | | | x
— —4 -3 —2 —1 0 1 2 3 4
Figure 4.5 PDF's of the Student’s ¢ distribution

S 9 m i Student’s t o1, B L, ~ 1(m),

AR ME

S

- BHEN mit pffFEeim — 1 T, EIb (1) =B8%E, 1(2) X
BHIE(E,

. &%, W E[t,] =0, Var[t,]=m/(m-2).
« Hm— oo Y, t B ES&ILT 1, 2HBEEEIETIER
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F 53%n
The F Distribution

113

yi ~ x2(my), v, ~ y*(m,), By, 5y, \@EIMIIAT,

2 - Y1/m1

mp,ny
Y2 / US)

IRMEBEERN Iy A n, i F 0%, Bk Fm1,m2 ~ F(ml, m2)o

. E[le,mz] = (le — 1)/(7’112 — 3),
. Ymy > oo B, mF,, . =y ~ ximy).

+ Mt HTEHIEXETH, L x ~ 1(my) B, x> ~ F(1,m,).
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Exact Tests and the Classical Normal Linear Model

SRNGITERE Hy FRIZDHABEM, ZQISHAR GRS

(exact test) .

BRigHHEIESSEMHIER:

y=Xp+u, u~NO,dI)

Pu T X (X BESHEY ZBIERK)

\
JH

]]_h_

v —aE X NEEZEN X 5 u i, EEE TR
=E£%u%ﬁﬁﬁﬁﬁ 28, “ER” 15 u BAESHT, RAEHYN
SRS BELT HHIEEES.

’%aﬂi
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Tests for a Single Restriction

HEBRNZ R BN ABBISRE, BRIOTTMERBEREM S = (6], 5,]7, Hitx
H,: B, = 0 #17thk,

XERr f, = 0 AINEERANZIELIRESF, MBEISHEFFRRIRDAIZREBIRTKBART
iN|CEIER

B[O FHEEB] A B BX,
y=Xp+x,p,+u, u~NQO,cI

X, BnXx((k—1)%EE, x,2nx1EE, X =I[X,x]

IRIE FWL 32, f, M 6 ATbAM FEASEIEEISHE
My=Mux,p,+v, M =1-X,X/X)'X/

HETTE B oMy -y [5,] s
NEEIEG = , ar =
N 2 x;—MIX2 2 x;Mle
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L o’ BHIR, BATETUBTENSITERR H, : 5, =0

A T
pp—0 x, M,y ¥, Mix, x, M,y

2p, = — T
\/ Var[$,] X, Mix, © 0\/ xJ M x,

% HO . ﬁz — O EJZTLHT.]-, Mly — Mleﬂl +M1u — Mlu’ JJ:b

x, Mu
a\/szMlxz

Zp R Uy, ..o U, BRI S, RLARMIESD M. Elz] =0,

i, =

ElxyMuu'Mx,] x, M\Euu'\Mx, o°x, M x,

Var|z; | = —
& széer.Xb sz;_MIX2 sz;Mle

ISk 25, ~ N(O, 1),
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nooay Y Myy ..
Y o2 KA, BATRIUBERMER s BR o, ER 2= —— Y 07 =———, %
Al RIS R

XMy _\/ n—k  xMy %

P = — T

2 \) xTM1X2 y MXy x;—Mle y 'Myy
- (n — k)o?

B z5 ~ NO,1), MRHEAEER Y Myy/0° ~ y*(n—k), B zg My Myy /o 3
3, BIREISE) 1, ~ 1(n — k),

Y Myy /6~ yAn—k): B My SREE SL(X) (0IREHERE, FRI

=¢'Mye, €=uloc~ NO,I)

dim($+(X)) =n—k = rankMy) =n—k, Bty Myy/o* ~ y*(n— k).

23



B—ARIIEIE: o~ KA

zg, My Myy [o® 3831 BNEETHNBR2HREE u, y Myy /o* RiET
Myu = u HuEZ, 1M

PP, = PPy
T _ T _ T _ T
X, Miu = x, PyxMu = x, (Py — PyP\)u = x, M|Pyu

A 7, ROEE Pyt 5 u B,

Myu 5 Pyu f9HAZ21EE N 0, ELEENRMAZER

At Myu 5 Pyu ~BX, BN Myu 5 Pyu #RMIES D, BRI Myu 4
I TF Pyu, FibA, y'Myy / o’ M T 28,0

sk, BATERB 1 ~ t(n — k).
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Joint Tests for Multiple Restrictions

WIPTE r PAMAREMN (r <k, BIOTWEESR H, : f, = 0, Wi, &R
RIEOBIE TR VSR MG ER

Hy:y=X,p,+u, u~NO,ocI)
H :y=Xp+X,pp+u, u~NO,oI

ANEEWMIGNSHART 1, BT BEREFER 7 /QIGTY ¢ 1018, MEEREFZ—TE
BRI SITE., XBEF(IBBENR (restricted) E%D%i’ﬁﬁ (unrestricted) [2])3
RS (fit) FRIFFINESITE, HFARITEENZREFE A ERNISHIIET.

B BEAREANTREF HFE RN RSSR, RFIAREIFNEH USSR, TR AENX
_FEEI/] b1-|_E

(RSSR — USSR) /r
F g, = 415 H, AM3I, RSSR ¥5AF USSR,
USSR / (n — k) EitbY F, BRERARN, HIMAETES H,).
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Joint Tests for Multiple Restrictions

__ (RSSR — USSR)/r

BT Fy, = — oo —p— 1 Hy THRM F(r,n — k.

RSSR =y"M,y, USSR =y Myy, #iE FWL Fi2, USSR ZTF/aa
M,y = M\ X, f, + v B35 ZEF 54l

P =y"My -y MX,(X, M X,)"'X, M,y RREE

Att, RSSR — USSR =y "M X,(X, M, X,)"'X, My, —#RIERT

e " M X, (X MX,)"'X Me/r
Fp=r—— % e/ e = ulo ~ NO,I)
’ eTMye [ (n— k)

rank(X,) =r
Bl e Mye ~ y*(n — k), MHFEAUSH e ' Py x € FHBRM y>(r). XEHR My Al
Py x, B, ML u BRMESHHAESFSHBEEMIL, Bt Fy ~ F(r,n — k).
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