e Waﬂ% to test  the s'lgmﬂcance of a group of ’1‘)?" Hheses
(mu”ipl“ hgroﬂ»esas)

Gmdp’&zs =R, tf HAtmes _fob + B, H fmes _ bude + B hr- study
t By post —GFA +Bg gender + 4

Ho ¢ sedt postion doesn't have Impact on GFA
PO md 2202 e

Ho - Seab Pos‘ﬂ:’nm Mabbers

#0 ond g, 20
F’ 2 # a;l;[ooS‘ oneop the F'PFZ #0
or P’#O ond FZ =0

£ ' Hl
A Ho . lgzs % =
Ha : HO not True
¢ject
Fo Fq/,,,-kA
f /tdf & ur model

: ? £
: o ot ol l,.;‘ii:eses bémj Yested
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7 Testing Multiple Linear Restrictions: The F-test

Suppose the model is specified by

Y= Pot B+ Byra + P +u £ x, andy, both have
HO : @2:0811(:1 63:() —W\Wl"i" '3} |YX|
H, : Hjis not true no \mpa on

We can use the F-test to test this type of "multiple hypotheses". bles)

o mode|  (cntoin al| vania

<

1. Our full model is called the "unrestricted" model (ur). Suppose it can be expressed
as: Yspo +Wﬂx3 u’l is e - m’,ecb to

y = By + o1 + Poxe + Baxs + ... + Brap +u

2. The model which takes out = (which we think its associated § = 0) is called the
restricted model (r). —smoll  vodel

y: pd + P{K1 TW ’IS ’h\le Qdo n&r@geot Ho

° d ik b FE(’G?!‘/"
Sup pes® thae are “op' qumbas of B ot we Wou
a \')o'\WB '{'Est O'P =0
eg W this model § =2
Y= otpiXr +p25 a.._pk_(t
Ho Pk“{,” = Pk—q,i-z :Fk =0
( e hs G poo
Ha: Ho 18 ot tue ) " b o »
e 2 adJ1momx7{'hem )
X / o ‘e Hou;n@(
F = (SSRY-S‘SRW) be lostter expla -
a M
q’ &— number of aplq'nnm’rwy vawalalva we wal
SSRur \ |
Wﬁ‘ df Of ‘UY‘ model L(
2 hy don't we ke@
X \wddde ,s3r ¥ ond R 4, vhy ]0
So Wf e\/ayﬁm You add 1 more . . He P'gdlo‘han )
addtond X 0T medel ) T Mo oygh
ewyﬁme we add 1 ' v@ ] moJ@} |
- less Pmcise- | o . \Sf o W,F,o
F e F 4o loef te odditiom 3
Sg e wAN ‘.G.CM{‘)

st RT sy
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. 22
3. Some useful facts ncreos® }QZ' ovnf""’e b

i tonal X W \Alol
lb Ry ) Ri because any addition )
S3K ur < oSk "

ould
e model s cotainly bt explai ned. Howe;f’ we o W

X explah
e £ the nclusion of voncble>  Cloes V1 P

) By wdy "

like o rqec*
W)OM €Vl°\‘0\\

4. Other ways to calculate the F-statistics:

R® - 1-ss®
ST
2
2
re e = M> /1 _ Rur
b /v\/-llx-’\—?"\"’°fr»°1:nL
*o*‘?’ﬂnm‘ NN et ?
oeset b O i, ) ] m0d€/
e
I(’\ {7 {70 tﬁs"' t"’e O\qu” Sigmﬁ\mn(?e
— pe wont b0 ¥t
Hot P17 BB Pr
F = Rl—/iﬂ
(R )/n-k =

Example: Suppose we are interested in understanding the determinant of a baseball
player’s salary. whoher  per LormONce has

y salary = season salary I we Waf‘ fo l'k’s}
years = years in major leagues any ImMpac on Solar
v 2 gamesyr = games per year in the league =B b =0
= Syr -
W) bavg = career batting average HO . P bavg Phrun i 'Y
hrunsyr = homeruns per year H . ogtherwise s tr
rbisyr = runs batted in per year a -

e the unrestricted model (ur) is defined by
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Y X

regress log salary years gamesyr bavg hrunsyr rbisyr

Source 55 df MS Number of obs = 353
F( 5, 347) = 117.06
SSE Model 308.989208 5 61.7978416 Prob > F = 0.0000
SSR Residual 183.186327 347 .527914487 R-squared = 0.6278 7
Adj R-squared = 0.6224 ,6’0/' ;
ST Total 492.175535 352 1.39822595 Root MSE = .72658 c”h%y h%“&@
, (b” J 2(4
Cooy £P6
Pry 7
log_salary j{Coef. S5td. Err. t B>t [95% Conf. Interval]
years | .0688626 .0121145 5.68 0.000 .0450355 .0926898
gamesyr 2 .0125521 .0026468 4.74 0.000 > 0073464 .0177578
bavg 3 .0009786 '0011035<M6 0.89 0.376 -.0011918 .003149
. hrunsyr 4 .0144295 .016057 0.90 0.369 -.0171518 .0460107
\dHHQ rbisyr 51.0107657 .007175 1.50 0.134 -.0033462 .0248776
_cons 11.19242 .2888229 38.75 0.000 10.62435 11.76048
When @nﬂder'\»? ach & the pedor ’:’R“;ﬂﬁ
. . x ore by ore  nofe of them has 0 Sign
e the restricted model (r) is defined by P L's) :
impock &t S (0 .0D)
regress log salary years gamesyr
Source 55 df MS Number of obs = 353
— F( 2, 350) = 259.32
Sst Model 293.864058 2 146.932029 Prob > F = 0.0000
SSR Residual 198.311477 350 .566604221 R-squared = 0.5971
Adj R-squared = 0.5948
SST Total 492.175535 352 1.39822595 Root MSE = .75273
log_salary Coef. Std. Err. t P>|t] [95% Conf. Interval]
years .071318 .012505 5.70 0.000 .0467236 .0959124
gamesyr .0201745 .0013429 15.02 0.000 .0175334 .0228156
_cons 11.2238 .108312 103.62 0.000 11.01078 11.43683
o bt When ?er@rmi:vj F “test,
Now, our Hy and H, becomes Perﬁ,rm ances have \-)O\V\} “m[wd—
F — (SSR,« ‘SSRMf) /(L
/—/-
SSRyp /K1

g ot -1ss.t88) /¢ 2455
C (13386) /(w3-6-1)

5 2.6, wergect Ho at sl e

n q.5 d
S Ceok ncfuote ﬂ‘wqu {)ereranC&s haVe/ )0“/‘{.
dho, CO

F=955 eﬁ@ds on So\byx
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8 How the Hypothesis Testing is done in Practice

1.

Check the values of t — statistic reported by the statistical software (i.e. STATA,
SPSS, SAS)

= These t — statistics are to test Hy : 3, =0 . ‘
z Jabe with 5/ > lace

= If the d.f. > 30, then when ¢t > 1.96, we can reject H

= When ¢t > 1.96, we can say that (3, is statistically significant at 5% level.
(value of 3, # 0)

= When t < 1.96 we can say that (3, is not statistically significant at 5%
level.

= If t < 1.96 we can drop z; from the model

= After we drop x;, we estimate the new regression function and obtain a new set

of B

2. We can also perform other hypothesis testings of interest.
or Hy:pB,=5 etc.
or perform an F-test for testing multiple linear restrictions
3. Usually, in economics, the estimation results are reported using this form
Dependent Variable: log(salary)

Independent Variables @)) 2) 3)

Sles — | log(sales) 224 158 .188
(.027) (.040) (.040)

log(mktval) s 112 .100

Company (.050) (.049)
Por&mo" e profmarg — —.0023 —.0022
(.0022) (.0021)

ceoten e —— .0171
(.0055)

o : comten — —— —.0092

cd

oho'Oc"‘”‘&b (.0033)

intercept 4.94 4.62 4.57

(0.20) 0.25) (0.25)

Observations 177 177 177

R-squared 281 304 353

?
lke o simple  regression
with 1X .
Om'lt(?eo\, vonql;[e bias
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Multiple Regression Analysis : Further
Issues

1 Data scaling on OLS statistics

When we change the unit of measurment of a variable, the value of estimators would
chance accordingly. For example

b@t = Bo + BlCiQS + ng@ min ¢,

where

bwght = child birth weight, in grams.

cigs = number of cigarettes smoked by the mother while pregnant, per day.
famin ¢ = annual family income, in thousands of dollars.

[ ] Wh (ﬂ 'l‘c we use bwelgm i" l(”og'a”'sl ”(3 - oo
A A

/’\ _ b{‘)e‘\w . /\o ?1 1 ( |

bweml\’r = Q ﬂ 1F : o < 1E

\oxx

A _ A
o g b oky CigS + kg fominC

5 _— L = _éz
oz.‘o = Lo OL'\ :-EL; 42 towe
10 100

‘( inste 0o )
Wh t 10 we use omincg 10 asp (ins ad 0\0 1006 US)
au

A inC
B 4 ﬁcigs + JB_Z(Z"M)n Usp
o M o0

brgte = ¥ g b be
. : ]
n . ol p this vGquUe 1S gmj
- fothy cigs 2 8 PNTER T e losger dnan e
N A
62_ 7/_EL
1000

D/l\ \V\Cffase’ ‘n lWW

\n obher Woeks 32 =
\Nha} F we  use bwegm' In kj & Ircome  in THB
bwegh’rka < —& +_€3J_ +_§\i{£am'\fﬂma

[elen] 1o00 100

1000 WS
/-—_

This value 15 gong to be 30,000t
moe  than 'Fa».’mo
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po) F'l B hove ‘[‘g be finear
2 More on functional forms !

X1 Xy~ anying
e Logarithmic Functional Form
v usaally means natural log sy<=y,-Y,
AX =Xy X
log(y) = By + 51 1log(z1) + Boxa + u K =Xy -X
= dlo ) . 1d\/ 1 A
dlog(x,) —)T - 7 B = 1°bx—-L Ag

4 O[X’l ‘17 AXq Too 14X

X1 1 R

I

', 5y
loax
With the log Q) % (09 fomat y the coefhcient 15 gomg to be the
dlasicly  (xy elaskeiby & V) q
9 Ja)
PZ ) &IO qj) = ‘ﬁ_\:’ = -9‘ >
d(x)) dx, oy
\Q weZ want ”'ie upfP& J’t’//lfm 1,\.0 e chanj&
Qo Fz = lob_1 Ay |
' 0 \ of X,  INCre4s€5
A%, \ oo " by given Thet X

400 FZ = g/o ay bj
AOXL

I amt

e Models with Quadratics ( S‘qq ored)

= Cmp{we |noredsing / deCreas'ug molg'ma] offects (Cslope of the r€|a-|-iav's1|i|0
beweea x XY 15 not Constant

Y& of Cose®  covid 14 2 De cquin_g retums
+ B X 4 2
7 3’?0"?“ Fo E\\ 3‘—?0*?')( t B X U
%(!: PﬁZBI: dy= B o+ 2p2X
7 days VaE d '\ I\(_)
A4) \ )
C‘ﬂ ‘1.,* S unils (Q)
Sx cdap 1 ey 5 meeis, kP
T = (100 -1-199,
Example : Effects of Pullution on Housing Prices foc 91 - 0 =9 -23
2q (f) N 815 )

log(price) = B, + B, log(nox) + By log(dist) + Bsrooms + Byroom? + Bsstratio + u



