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D Hypothesis testing
2 Neyman Pearson Lemma



Hypothesistesting
In hypothesistesting

we use data X to infer

which of two submodels generated

Model D Po Oe

Null hypothesis Ho 0 E
o

Alternative hyp H O c

henever H unspecified assure too

Ho is default choice we either

1 accept Ho fail to reject no definite cord

2 reject Ho conclude false true

EI X NCO 1 Ho 0 EO vs H O o

or Ho 0 0 vs H 0 10

EI Xi Xn P Y Ym Q Ho P Q vs Hi Pto

Common conceptual objection we know O O or

P 4 Q already why bother
We will return to this



Can describe ÉÉtL by its

criticalfunction a.k.a testfunction

O accept Ho
X

ite o D reject w e T

I reject Ho
In practice randomization rarely used p x 10,13

In theory simplifies discussions

A non randomized test partitions X into

R x 01 7 13
A a of x1 03

Powerfunction 1310 IE OA rejection prob
Po Reject Ho

fully summarizes test's behavior

is a level test toe 0,1 if filo Poco s a

Ubiquitous choice is 9 0.05

most influential offhand remark in history of science

Goal Maximize Polo on subject to level o constraint



Ex X Nco i o o it O 0

Let Zo I i d normal cdf

01 1 111 1 z 2 sided test

4 x 11 783 i s
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Sometimes a unique best test exists

EI X NCO I Ho 0 0 Hi O o

is best possible level a test

Q Q 70



A simple
hye.tl1 s

Iestdistriontm

9003 or Q 10
When null alt both simple there exists a

unique best test which rejects for large
values of the likelihood ratio

Let LR x PilYposxi where pi p
are densities

note dominating measure always exists e.g Potp

Likelihood ratio test LRT

LRA a

Ex to LRN C

RCH C C

C J chosen to make ME x a

Intuition discrete case

Power under H BANE

Sig level
fr f 4 d lx

gySp e x dnCx

LAnalogy 100 to buy as much flour as possible



Neyman Pears

Theorey Neyman Pearson Lemma

LRT with significance level d is optimal for

testing Ho X po us H X p

Proof We are interested in maximization problem

maximize IE x sit
o 447 Ed

0 X 710,1

Lagrange form

maximize E O x1 XEo d x1

foal p txt Xpolxildulxt

01 1 EY 4 deal

ay

if LR y

o if LR C X
solution s

of x
ya if LR

of maximizes Lagrangian for X c

consider any other test of x E IG E d

c o of 20
E F E E E ceo of t ca

E II of t c op t c o p maxes

Lagrangeo 4 120E E at



We c zÉIÉ two free parameters

We need both to solve one equation

a Eo x

Po LR c typo LR c

Casey I upper quantile of
Le

Case 2 CRC I discrete

Po LR c jumps down
at discrete values

Rex

Set a max t Po LR t 2 a

Then IP LR c ed

y fo Po LR c IP LR c

É i
O

o If g 1p
c

q t I

o I
n t
c

ca 3 É ok too
C

Kelo 1 23 0



Ex 1 param exp four

X pix e Alesha

Ho y yo us It 2 3 270

eh no tox Alr Aly

X rejects for large TCX

O TEX a c

x

Ly
tox c

1 TIX c

choose c y to make

B Tex c t y IR Tex c d

Es Xi X pix same Ho H

Reject for large ÉTCXi
Important of X depends only on yo and

sync yo not on 2

Next topic Uniformly most powerful ump tests


