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Outline
1 Uniformly most powerful test

2 Two tailed tests






































































































































Get sen.FI o tg
est

Def If y x has sig level o and

for any other level a test of we have

Q z Eod KOE

then ft is uniformlymost power and

Typically only exist for 1 sided testing in

certain 1 parameter families

Def A model P is identifiable if

9 02 Po Po FA Po.CA POLA

Def Assume D Po OE E IR has densities po
and is identifiable We say P has

monotonelikelihoodratios MI if

there is some statistic TX s.t

X is a nondecreasing function of TX

for any O 02 same TG for all O's

f as if a O f indef

EI Exp fam eh 7 Eta AG Acro
y in gta






































































































































theorem Assume P has MLR test Ho 0100

vs It O 0 at level a Co 1

Let x
go

Taca

F
Tex c

X C

with a y chosen so I 0 x d E Q1

a O is a UMP level d test

b If O Oo then 0 minimizes Eo O X

among
all tests with Ego p X d

Prof
a Suppose 0 Oo and of has level Ed

Eo X z Eo F X since 4 is

a LRT for Ho 0 00 us It 0 0

c O s Oo assume Eo X Ego 4 7 0

Both 1 94 I of are tests of Ho O Oo us Hoo
both have sig level t d

1 04 is a LRT since f x is non incr in TX

I I 9 e Eo 1 0 3 1 o

Intuition p is a LRT for Ho O 0 us H O O

for any pair O O sig level depends on Oo






































































































































UMP test Picture

7

poor
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Best on Q
t.tt

exactly level o Be

Éamong tests w






































































































































One sided tests in general

D Po OE ER QE

Ho O O us H 050 called one sided hypothesis

Often no UMP test exists

Ex.la e X x Id I e
x o

LRT for Ho O Oo us H 0 0,1 Out

log e pix E Mi 91 Ix 0,1

E tail
O xs0oTix
12 b o get O

0 Oo X O

Very dependent on specific values of Oo and O

Test Ho 0 0 us H O 0 No UMP test

Test H O o us H O E Eto

Et Xi E xis 03 E Xi E3 Etc
E

Tail Xi 03 X 09 2 x 03 n

n EEThil x o Biron n 2 signtest






































































































































Stochasticallyic

Def A real valued statistic tax is

sthasticallyincesing in O if

IPO X Et is non incr in O Vt

If 4kt is righttailedtest based on TX

x 19TH a 219TH c

and text is stochastically increasing in O

I 04 l g Po T c 81Pa Tac Tin O

E Vivid x 0 lationfamily
X sample mean median sign statistic

Ey Xi
Ed to Xo scalefamily

TX EX or median IX l Xml






































































































































Two sided Alternatives

Sety D Po Oe ER Qe

Test Ho O Oo us H O Oo

Can be generalized naturally
to Ho 0010,023

t test rejects when TX is extreme

x f
TX Ca or TX c

O TIX E Ca Ca

Ji
TX ci

Two ways to reject How to balance

For symmetri distributions like NCO 1

natural chaise is to equalize lobes of tej regi

01 1 181 0.1 to for Ho 0 0

Pope

Xist IrQ x

For asymmetric dists or interval null Hi Of CO 0

more complicated


























































































































Equal tailed unbiased tests

Paull Ho 0 0

Let a P Tac to I teen

42 Po T C t
y Po T ca

Valid if a oz d lo is free parameter

Idea 1

jtailetest
o K E

Null density of test stat text
lot

I t

EI X Exp 07 test Ho O 1

Solve for cutoffs I IP Xtc l é a lost
l E l e

s

Cz log a

p x 1 X toga 913 1 x toga

BHO Pol 3 Pol lost
I I 9 0 1927110 o for 0 1 of 12

pal.IT

iPoweroforOE 1z 1

o otters



Unbiasedtests

Def 0 x is unbiased if off Eo06724

Idea 2 Unbiased ensure min 07 0

Choose G y and cuz to sole

Bo Oo a

30 q o

2 een to s 2 unknowns

Boo

a
o

EI I parameter exp family Ho 2 30 us H t yo

y ezth Ah LG MLR in Tix

Assume T x continuous set e

a Pdz Py t c t Prot ca

O 460 Corn p t T

En Oct a Tax



Theorem Assume Xinideota Ah
hey

Ho OE O Oz us H O O or O_0

possibly O 02
rejecting

for

Then
a The unbiased test ÉÉÉÉ
ETCH with sig level L is Ump

among all unbiased tests ampa

b If O On the UMPU test can

be found by solving for Ci Ji

sit Eo d Ego d

c If O 02 0 the UM Pu test can

be found by solving for Ci Ji

s t IEO.MX d and

40 IEO.IT 0Cx o 0

Proof in Keener


