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Sampling Distributions

o Can write . \
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Causal Inference: The Mixtape

Jayjit Roy (ASU) ECO 5720



Sampling Distributions (cont.)
W n‘mdaf, QF (%05 x,;
(MLR.6) Normality with E (u'\ = 0

f(u) < 4

™
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Sampling Distributions (cont.)

e Under MLR.1 to MLR.6

e So

B ~ N(B;, var (5))

ia N (0,)
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Sampling Distributions (cont.)

we have. se( b
mied ¢ G(h)

@ Using 5 in place of a

s & E_¢ = E
‘f,i];vi\“énfkfl dqg— se(BJ tM-K-\ JF

dom
e As df —
e o1 N (0,1)
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Sampling Distributions (cont.)

ﬂ:_
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standard normal t with 6 df ‘
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Single Hypothesis - Single Parameter

@ Test hypotheses about 3;
e Null (Hp) and alternative hypotheses (Hi)

T CAN'T BELIEVE SCHOOLS

ARE STiLL TEACHING KIDS

ABOUT THE. NULL HYPUTHESIS,
|

T REMEMBER READING A BIG
STUDY THAT CONCLUSIVELY
DISPROVED IT }EARS AGO.

47T

https://xkcd.com/892/
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Single Hypothesis - Single Parameter (cont.)

Two-tailed test
o Model

y = Bo+ Bix1 + Baxa + ... + Bexic +u

o Test whether x; has a Mnon- 2¢ao Gﬁatéb O-FE'CT’
Ho:B8j =0 corkrollime, for

Hi:6;#0  aM okher
N imdep.
tBj = -Fa: V@les

se ()
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Single Hypothesis - Single Parameter (cont.)

HO: B]: 0

Under Hy: Ho: B =0
1* Pj

B;~N(0, Var(f))

c: critical value for
Bl, or t~

Under H

E ’ Sum of tail areas =
—]: = tANt i . e =
se(B;) g k-1 significance level

P(rej. Hy|H, true)
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Single Hypothesis - Single Parameter (cont.) ..
= 0.05 (e9)

.
. =

~ o ¢ Plrey. Ho} Ho h"’""’)

@ Choose a 5|gn|f|cance level *

o Reject Ho .fl }\ o ]tF}\ s suPficiedly

@ Rejection rule ]aﬂ),& else
tBj > C ¢Fa,|;l bo
o Critical values :
» Table G.2: t distribution vet- Ho

» Table G.1: standard normal distribution

( nevex ,)

accept
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Single Hypothesis - Single Parameter (cont.) Ho: By = O ’

wo’ﬁe ':Po-]— F,eddt--" w H\’ P.#O
[F\' - 0.54] seCﬁ\ = 00 E 4 = lolél
—— ‘ Hy: 3;=10
%e“ 0 3 Hy: B+ 0
_Pi =t~ ! :
By B e i sig. level
| = 0.05
&'e= ; I 0.0 l
-k-1 —1.96 0 1.96 10.167
=526—1-1 Re:eck H
_ca § 0.
= €24 c=126 /\
A c
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Single Hypothesis - Single Parameter (cont.)
USiv\% Pve\ﬁlﬂl} 6xa,mple_ E = /?, — Ooi

Testing Other Hypotheses about B;
= —[\ol
o_Null and alternative (two-tailed test)

O.OZ{ Ho : B = a; 5‘%‘ '&\/@( = 0.0g
Hl:ﬁj#aj M_K__l =SZL’

0. W’/

-t % “t stca,)tls'tlg 6or t ratio PAS
t= Py~ c=146

Rey Ho of It‘
s soff Wfrc se (f)

el ce foul to 2. Ho. £ ol bo veg. Ho.
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Single Hypothesis - Single Parameter (cont.)

p-value , ' Q) Z
@ Two-tailed test + 't
@ t: t statistic, or t ratio

@ T : t distributed random variable with df = n— k —1

p-value = P (IT‘ 2 Itl)
L7 t>0, p-value = ?_P(T>t)

S If t <0, p-value =

27(T <1
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Single Hypothesis - Single Parameter (cont.)

t: t statistic, or t ratio
(assumed > 0)

Sum of tail areas = p-value = 2P(T > t) where T denotes
a t distributed random variable with df = n-k-1
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Single Hypothesis - Single Parameter (cont.)

< F(Te&:' He l Ho hw)o(lg_ /g
Qeicc{: HD . —vdl& S
'S"{\F’“Wétf( r;-wu” else > =
-t - P

@ Rejection rule MI b

a_ojxt' Ho p-value < «
@ Economic or practical significance: related to F .

e Statistical significance: related to t.
(£

Fe
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Single Hypothesis - Single Parameter (cont.)
/\ -
waa& = Paf' F' edVC 1+~ se (53 —0.68

/\ { . = O
FO = ~0.90 Ho: Bo =0 H° ’ F"
H:B,#0
Under H, 1 Po
Bo t: t statistic, or t ratio
0 =t.~t _
se(By) iy kel (=-1.321)

= - l.32.l

- . b
1321 0 1.321 *

Sum of tail areas = p-value = 2P(T <-1.321) = 0.1868 Nn—k-1 =S7-1|

https://www.npr.org/sections/13.7/2014/06/02/318212713/
science-trust-and-psychology-in-crisis

x =005 p-value = 2 x00934
Eonl ko rre,&cc,t Ho . =0./868
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Single Hypothesis - Single Parameter (cont.)

Confidence interval
o Two-tailed test

Under Hy:

Bi—a_
Se(Bj) n-k-1

Hy: B = 3
Hy: B]- # 3

c: critical value for t
Middle area =

confidence level =
P(fail to rej. Hy|H,
true)

Sum of tail areas =
significance level =
P(rej. Hy|H, true)

B —aj), _
P — | lies between + ¢ =
R se(Bj R

P(B; —a;) lies between + ¢ ~Ase(B]-) =
P(a)) lies between f; + ¢ - se(B;) =
P(fail to rej. Hy|H, true).
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Single Hypothesis - Single Parameter (cont.)

o :_ P (ve) Ho|Ho tred)

@ Significance level

&l « |2

|-

. trve
o Confidence level: |~oK = P (moﬂk{‘?go. t‘; !‘t‘(o’ ‘:S)
e Null and alternative (two-tailed test) IR O

feal o

(o (vo®) = B +, edue +PFT R =
-;-F,];gn.m-_-l'u.. Hl:{gj. _.'é

o Reject Hy if @ lies beyond 13‘ +
e Confidence interval for j3; &=

vejeet Ho forr

.V e
C..Se(h;

A zo.092 T 0092 5sc. ce (?J‘_)-m’a °-”’6:|

se(f)) =0.007 T6x00eT

as © for t% 5 \0'0'):
asy.cL for B - |-« =0 -

oL =0.0%
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Single Hypothesis - Multiple Parameters )
log (woge) bt R edwe +P epor-t B romwes Ul
’%50.097— se(f‘]-ooo’l ﬁ\-°°°4

e Null and alternative (two-tailed test) Se(%_) =0.002

“0-’ F‘ = rz. Zof PJ' = Fl
H.‘F'f'r" LF}"FL

@ Accordingly -0
Stabs: limcom edue - &fper i P

#0
@ t statistic, or t ratio F FL
t=
E =259 ﬁ. - %
S22

X =0.05 => Rey Ho. <Se (ﬂ —/FA
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Multiple Hypotheses

o Model
y = Bo+ Pix1+ Paxo+ ...+ Buxk +u

e Null and alternative (two-tailed test)

Ho : P’=O9 F" =0
Hi: ok leost- ope o

these £ 0
ak [east F, or
FL?‘O

Jayjit Roy (ASU) ECO 5720 February 19, 2024 21/28



Multiple Hypotheses (cont.)

e Unrestricted model Poq— P’ z, + Pg.z‘c_
y:
f' R ngg +u

y:FofPswg +. .+

Pee + W

@ Restricted model
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Multiple Hypotheses (cont.)

@ Check for change in fit due to restrictions
o SSR,,: SS# Prm wr&'r‘w ’W)M(OI
o SSR;: 4 I Testovcked 1

SSR, > SSR,,

F statistic [(SSR _ s8R }/q/

Under Ho, F ~ Fgn—k-1
> Y' .
> Z kwncnhr dP(‘M Esem—/("\-l:-

VA or F
39‘“3'12"‘“1”9‘ bese;:ys
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Multiple Hypotheses (cont.)

, o wrge else
@ Reject Hy if P 12 .SVF F 'C'Mé(\/ !
@ Rejection rule »FO»J b 7&1, HO .

F>c
o Critical values - Tables G.3a, G.3b, and G.3c
t2 is identical to
\/‘ n—k—1 F 'H’K-
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Multiple Hypotheses (cont.) '°‘t{""’14 =B+ B edve .

e Example + expe +
» g=3andn—k—-1=060 F"
» Critical value for o = 0.05 is 2.76 P~3 ‘kWV'L “+ U
. HO" P’ =0 5 Pa,f— (8]
].I] : mol Ho
£ = g0\h8
2.,5'2?.
area=.05 x = o'og
Cfn‘b. v&lug =3

[
2.76 sion” 2 eéﬁﬁt HO .
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Multiple Hypotheses (cont.)

R-squared form of the F statistic

@ Since SoR
RP=1- "1
SST
o We have SSR SSR
2 1 r 2 _1_ ur
R =1 ST and R}, =1 ST

@ Accordingly 2 _
ssr,=( 1~ Rr)ssl

SSRyr = 2 _
(- &) SsT
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Multiple Hypotheses (cont.)

log (wage) = o ¥ i ede + Py exper + fi Lonec,
Ho’F,';O kF:."’O fu

st Ho F[(Ss%» —s%.)/3)

’Lo Alternatively . [’SS& W/CM—K'\)]
= 2
er -0.316 [(R:;. _ Rr> /OV]

R = o106 [C1 =R [t

Y22, n-g-1 =52%

F = @0-148
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Multiple Hypotheses (cont.)
loa (wuie\ = Fb‘l- f, edvet B_expor+ Ja tomure: +
The F statistic for overall significance of a regression

o Model
Ho'. r. :.O, Fz=o) y = Bo+ Bix1+ Baxo + ... + Brxk + 0

@ Null and alternative (two-tailed test)

Ps;o HO:ﬁ,:O,ﬁ.‘-’o,-.-) F,‘:O
Hi: mot Ho Hi:at least ove of
o Here, R2, = R>and R> =0 F”P"’"Jﬂ 70
o F statistic 1/:_3 - R?./k
K n-k-| =$22
Ry = 0.316 (I—R">/
.o F=go.29 (m—x-y)
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