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Testing with nuisance parameters

2 UM Pu multivariate tests

3 Conditioning on null sufficient stat



Nuisance Parameters

Commonset Extra unknown parameters

which are not of direct interest
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O parameterof interest
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type I error or power of a given test
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MultiparameterExpfamilies

Assume X n
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DE IRS XelRr both unknown

How to test Ho OE o vs H c OH

idea Condition on UCX to eliminate dep on X

1 Sufficiencyreduction
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3 Condiest
Test Ho OE us H OE in

S parameter model Q fqoCtlD OE
u

Nyote if s l this family has MLR in T

Even if s I we still have gotten rid of X



theorem Let P be full rank exp fan with

densities
pg eOTCD th UG ACO
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a To test Ho OEOo us It O Oo there is a UMPU

test 0 4 y TG UG where

Htin In I
O t e cCu

With da gcu chosen to make

Eq 0 671467 1 0

b To test Ho O Oo us Hi O too there is a UMPU

test of x YET i 467 where
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with d u go.cn chosen to make

IEq 04 7 lucid if

Foo 0 4 o UK if O

Note h has disappeared from the problem
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Ho M E Ma us H M Me
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Reject for conditionally large values of

X given X Xz u
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So in the
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1 Any unbiased test has PCO d L htt

continuity

2 Power D on boundary Eq 0 IU o

UK complete sufficient on boundary submodel

3 Of optimal among all tests with conditional level 0

by reduction to univariate model



Proof Assume of any unbiased test

1 Eg HI E l c a f Der
Keener Than2 4

Eo 04 infinitely diff on R can diff under f
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Steps For
any

value u the conditional model is

tin
Ot Belo

glt.ir 1 param exp fan

In one two sided case we have shown

y tin is UMP UMPU in Qu

Let g tin E 0cxjltcxt t.ua L
Eo Ift n IU if Eo 0Cx lucx u

y if 0 00

OTC D is a fond.ie test of Ho us H

in Qu with power
L at boundary

One sided case Cor 0 00

4ft u is the UMP test of 0 0 us 0 0

in Qu which is a l param exp fan

Two side
y Ct D

is the UMP test of 0 9 us too

among
tests with power D over _0 Oo

Keener Than 12.22 main thm for two sided
tests

In either case y has higher coed power
than a s
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EI X Xn El Ncn E 030 unknown

Ho u O us Hi M 0

II iris
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Condition on U X 11 112

If µ O f is rotationally symmetric

11 11 117 u Unit sin 5

Unit Sm indef of 11 11
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PermutationTests
Even if we don't get a UMPU test at the

end conditioning on null suff stat still helps

EI Xi glnniidPY YmiidQHo P QHi PtQ

Under Ho F Q X Xn t Ym P

Let 2
mm X ok Y Yn

Under Ho U Z Za Zenon comet su

Let Sam Permutations on ntm elements
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Thus for test stat T if P Q
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Monte Carlo test In practice we sample
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Unit fits 13 if noties

p Z UnifC if there are ties


