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Significance Testing
"uary" hypothesis testing

Significance Test
· Null hypothesis Ho (background assumption

- Identify aClaim us Holess likely
wish to invalidateHo in favor of Claim

· Rejection Region R ("decision rule" (
- Need a "decision statistic" X an RV

'

- Write R in terms of X values
- "Significance Level" X
- No WDR less likely ,

Claim uD R more likely

· P(R1Ho]
- compute somehow
-

usually infor from Exlto , Pxlto
- adjust R so that PCRIHo] = X

.

α = PLRI H03
= PLreject Ho Ho is true] = "Type I error"

Ho is true Ho is false
Maintain Ho Good call Type # enran

Reject Ho TypeI Good call
error

"Ho innocent until proven guilty"



Example : Your friend gives you a die
,

worries that

it's weighted to come us 2 more often.

Design a sign. Lest on data of 20 rolls

to decide whether weighted
,
x = 5%.

Solution : 0 Ho = die is fair
- Claim : 2 is more likely/frequent than"

o R = ? (need to compute
- × = # 2. X(Ho ~ Bin (20,

"%6)
- R = Ex(v some r (need r)

· P(RIHo] = P(XirIH] = X = 0S

20 - k

Use PxIH
.

(k) = (20) (101" (516)
= prob ,

of 1 twos

Now
,
rewrite : P(X <r1Ho] = 0

.
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Example : Al circuit nomial 130V
,

0 = 2
. 1

.

Design a two-tail sign· test based on 40

measurements to determine whether the true

avg .woltage is 130 , D = 20
.

_

Solution : · Ho = EN] = 130

Claim E[V] # 130

· X = Mno(V) Vm ??

· R = IX-13013C find C s
.

t
.

PC 1 X - 1301 : 3 = 0
.
02

Use Chebysher :

PCLX- 13010 c ] ≤ 無 = 器

or = 21

Solve = 0
.
02D C = 2

.
3

=⇒ R = { × / XC 1276 s Or ×' 132 . 35 }



4113
Binary Hypothesis Testing

Ingredients of test :

· Ho H
,

= H
.

"

- Maybe know PCHo], PCH
. ] (MAP, Mc(

Σ

· Ao A
,

= A
- Ho my to likely ,

H
,
wa A

, linely
- Test rule: decide Ho or H,
-

Write As using decision statists X

· Choose a design type : MAP
,
ML

,
MC

MAP Design "maximum a posterior ; probability"

Suppose we know P(Ho]
,
PCH , ]

and PXI
.

()
, Px

,

(3) /or Ext. ...

MAP design :Ao set of all w such that

discule : Px(H0K)) . P(Ho] = PX1N
,

K1) PCH , ]

its : fxt . (i) P(Ho] < fx (H ,

k1l PCH . ]

A
,

= ExEIRIxt A
. 3

This minimizes the total probability of error.



ML Design

(Don't know priors PCS
,

PCH
.
J

.
)

ML design : Ao = all x such teat

discrete : PxH,) PxH
,
(4)

its : fx(H
=

(x) = fxH
,
(x)

Like : simplify MAP by either

views :
·set PCHo] =Pliis and cansel
· ignore priors

Can use as frequentist !

Type I error
,
false alarm rate :

PFA = PLA , 1 H03

Type # error , miss rate :

Pmiss = P[Ao (H , ]

Total error rale : PrA . PlHo] + PmBs · PCH,]



Example : ML Test
,
smoke detectors

Suppose sensor makes 8 V when no smoke,
아 When smoke

But... background none : N10,
3"

on *o
· Design ML test to sound alarm.
· What are the three error rates ?

Solution : XIHo ~W(0, 33)

X(H, ~ m(8
,
3%

-희격)
고

f×1t

。= e
,
f×

1t .
=(等

ML condition :

滋 e崎 );淵

NB x ≤ 4 = Ao , xy = A .



Type F error :

PFA = PA. IH
0 J NDPCX 741H3

~∞ 1 -P[ 을 드 * 1H .
u 1 - A(z = 1 . 33]

1D0
.0912

Type # error :

Pmas = P(A . (H ,] P(X-4(Hi]

~∞ P( ) = 박 | H ]

- P(z = - 1 . 33]

ND 0
.
0912

PErr = PFA . 0
.
S + PMiss . 0

.

S

*> 0
. 0912


