Power, Type | and Il Error

m Type | error = reject Hy when Hy Is true. The
probability of a Type | error is called the
significance level of the test, denoted by «.

m Type |l error= fail to reject Hy, when Hy is false. The
probability of a type Il error iIs denoted by 5.

m The power of atestis

power = P(rejectH,| Hyisfalse )=1-7
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Test statistic under Hy and Hy4

(" =ti_a/2)
The power depends on «,,0 and n
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Power calculation in general

m Prospective: want a power of > 80%, determine the
necessary sample size.

m Retrospective: sample size was given, test not
significant, how much power did we have?
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2-sample t test

Let Xq1,..., X1, 1Id and Xoq, ..., Xy, Iid Independent.

Ho : X15 ~ N(pa,0%), Xo5 ~ N (ug, o) With g = pg
Hy o X5~ N(pn,0%), Xoj ~ N(pg,0) With pg # po

Under Hy: o

N 21 , 1 X —Xo

X1 — X, N(o,a(n+n));»am N(0,1)
- ST+S3

Estimate o2 by S5 = 2152

t — X1=Xs follows a ¢ distribution with 2n — 2 df

Spr/2/n

ETH = p. 4/9



Power calculation

We reject H if t = 2222 ~ t1—a/2.2n—2-

Sp\/2/n
Xl—XQ Xl_XQ

1-8=P < —t1_a/2.9n—2/HaA)+P > t1_n/29n—o|Ha).

B (Sp n 1—a/2,2n—2/HAa) (Sp\/QTn 1—a/2,2n—2|Ha)
Under H, £:=%2=3 follows a ¢ distribution with 2n — 2 df.

Spr/2/n

This implies
B = P > e g ) P <t Gy

A

N~

Prob ~o (for 6>0)
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Quantiles of the t distribution

o

t

0/1

It follows that t5 =11 .2 — 3 Y
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Equations for power calculation

For any ¢ # 0, the following equations hold.

o]vn

= l1_q/2 — V2
p

— 2@1—04/2 — tﬁ)2 '

2
°p

52

(1)

(2)
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One-way anova

m The power of the Ftestfor Hy: jyy = o = ... = pus IS
1-3 = Py, (Test significant) = P(F > Fi_o 1—1.n—1|Ha).

m The distribution of F under H 4 follows a noncentral
F distribution with non-centrality parameter

52 = ZLA and 1 — 1 and N — I degrees of freedom.

m There are tables, graphs and software (e.g.
GPower) which determine the power given
I—-1,N—1I aandod.

mUse A — ma:vAi—minAi.

o
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Daily weight gains

Average daily weight gains are to be compared among
pigs receiving 4 levels of vitamin B, In their diet.

We estimate o with 6 = 0.015 Ibs./day and we would
Ike to detect a difference maxA; — minA; = 0.03
bs/day. We set o« = 0.05 and want a power of 0.90 at
east for a balanced design.

This implies A = 2 and leads to a minimum of n =9
pigs per group.
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