Testing Hypothesis

Statistical Hypothesis —— A statement about population

Null hypothesis : H, Alternative hypothesis : H,

H, : Population is a normal distribution.
H, : Population is not a normal distribution.

Two Types of Errors

I S N
Do not reject H, Type Il error
Reject H, Type | error

a = Pr(Type I error) = Pr(Reject H, | H, true
B =Pr(Type Ilerror )= Pr(Do not reject H, | H, true

Two Types of Errors
Sampling distribution of X
a réd[léé&

/ 1200 1240\

B increased H, H,

Testing Hypothesis

Test — Procedure (based on sample) leads to rejection
or non-rejection of the hypothesis

[SCUnldRl Test H,:pu=1 vs H,: pu#1.
"Reject H, if X >2o0r X < 0." [ERCEE I RCS

DIEWEREIEE % — 2 3 Reject H, .

» Conclude that ## 1.

But we may be wrong !

Two Types of Errors

Example : life time of light bulbs with o= 300 hours
Hy:p=1200 vs H,:u=1240

Draw a sample with size 100.

LI " Reject H, if X >1249."

- (1 740)_1200
a =Pr(X >1249| 4 =1200) = 0.051333) =
LU \ ouuy /100

B =Pr(X <1249 | £ =1240) = 0.6179 —

(1n10 -1240
\ suu/+/100

Choice of Hy and H,

For fix n, we can only control one of the errors.
Convention : Control o .
Criterion 1 : Make Type | error a more serious error.
Example : Want to know if a man is guilty.
H, : Heis not guilty. Type | error Type Il error
Jail an innocence. Release a criminal.
H, : Heisguilty, "

More serious error




Choice of Hy and H, Choice of H, and H,

Convention : Control a to be small. Criterion 2 : Put what you want to prove in H;.

Pr (false rejection of Hy) = Pr (reject H, | H, true) = o Example : Want to show that Brand A is more popular than Brand B.

H, : B is more popular than A.
Pr (false acceptance of Hy) = Pr (accept H, | H, true) = H, : A is more popular than B,
t

. . May be large If reject Hy > Data shows strong evidence to against H, ,
Reject Hy ~ Strong conclusion o L

i.e., high confidence that H, is true.
Do not reject H, —— Weak conclusion

If do not reject H, > Not enough evidence to against H,

A . have high confi Ho.
Criterion 2 : Put what you want to prove in H,. e

Choice of H, and H,

Construction of Test Procedure
Example : Clinical trials on drug design.

Example : life time of light bulbs with o= 300 hours
Standard medicine : cure rate 75 = 0.6

uk 2 Ho 14 =1200 vs H,:pu=1240 Preset a = 0.05.
New medicine : believe that cure rate 77> 0.6
(new medicine is not better) Draw a sample with size 100. 00
(new medicine is better)

LN R e ' Reject H , if X > c."
P Type | error (switch to worse medicine) «<— more serious
Criterion 1: P ¢ )

005=a=1-¢ S 1200
Type 11 error (abandon better medicine) e 300/+/100

"Reject H, if X >1249.35 " Rt e T S e e

=¢ =;1;271§.35z005 =1645
Criterion 2 : What we want to prove is H,.

Construction of Test Procedure Construction of Test Procedure
Example : life time of light bulbs with = 300 hours

Example : life time of light bulbs with o= 300 hours
preset o = 0.05

Ho 14 =1200 vs H,:pu=1240 Preset a = 0.05.

Draw a sample with size 100, Draw a sample with size 400.

n e "Reject H, if X >c"
"Reject H, if X >1249.35"
c-1200 nn
005=a=1-0| —— = 1o =1.645
= of 1249351240 0000 (300/ TOO]:C 224.675,05
300/+/100

10

1224.675-1240
e P = 2 =
00/470 J 0.15342) Power = 0.8466

Pr(Reject H, | H, true) =1- 3 = 0.3775 PRV En RN e [




Construction of Test Procedure
Example : life time of light bulbs with = 300 hours
Preset o = 0.05. Preset power =0.¢, i.e. f=0.1

¢—-1200 645

} n=482 , ¢ =1222.48
1.282

300/yn

Significance Probability
significance probability of an observation

— smallest a for which it leads to the rejection of H,
Example : life time of light bulbs with o= 300 hours

®
1237-1200
=1- =222 2 | = 0,00342
/ [ 300/+/482 J

1200 122837

Large Sample, Known Variance
& known

Test statistic

Reject H, at significance level a if |Z,|>Z,, .

If Zys <O,
p- p-value = 2P(Z,) )
Zys 0 Zobs

Significance Probability
Example : life time of light bulbs with o= 300 hours
"Reject H, if X >1222.48”
— Reject H, .
Stronger evidence — > Reject H, .
Data stronegTdisagree with H, .

Measure of agreement between data and H,

significance probability / p-value

Significance Probability

compare
pvalue «—  , a

compute compute

data < > critical value
compare

x> oL 17 ~value <o

Reject H, if

Rej

iect Ho : p-value
data p-vaiue <~ u | region

Large Sample, Known Variance
& known

Test statistic P4

Reject H, at significance level a if Z, <-Z_ .

| p-value = ®(Z,,) |




Large Sample, Known Variance

Small Sample, Normal Population,
Example : package delivery time with known o =5 mins

Unknown Variance

Normal population @ unknown
Sample with n = 100

- X -28
Test statistic 4=
5//100

ance level @=0.05if Z  >Z

Ho:pzp, vs H iu<p,

Test statistic
Reject H, at

00 =1.645.
15-2 Reject H, at significance level a if T <-t .
’ , ENSINZE  Reject Hjat o= 0.05.
V1

p-value=1-®(7)=0

Small Sample, Unknown Variance Two Samples Problem (Large Samples)
Example : package delivery time

- @  Sample with sizem
H,:4<28 vs H,:u>28 )
Sample with n = 10

> Independent
X =323, 5 =46.3 .
@ " . Sample with size n
Test statistic

Reject H, atsignificance level a =0.05 if T, >t,,, =1.833.

323-28 _) 998>1.833
46.3/10

Hoip, 2, vs Hop <py,
- X-Y

: Test statistic (&

s = Reject H, at a=0.05.

|Si/m+s:/n

Reject H, atsignificance level a if Z, <-Z, .
p —value = Pr(t, >1.998)=0.0384

Two Samples Problem (Small Samples) Two Samples Problem (Small Samples)

Example : 4 scores from class A : 64, 66, 89, 77
- @  Sample with sizem 3 scores from class B : 56, 71, 53

> Independent Hoip=p, vs Hiip # 4,

- s A Assumptions :
Sample with size n !

(i) Normal populations. (i) Independent samples.

(iii) Equal variances.
Reject H, ata =0.05 if [T,.|>t, ., =2.5706

X =74,5° =132.667,Y =60,5° =93[ff sz, :W:m
Reject H, at significance level a if T <-t

74 - 60 .
. e e SRRl Do not reject H, at a = 0.05.
A ject Hy




Two Samples Problem (Small Samples)

@ - @  Samplewithsizem
H > Independent

Hotpt, =p1, vs Hoip # 4,

Sample with size n

: (s2/m+s:/nf
s, /(m?(m-1))+s; /(n*(n-1))

Reject H, atsignificance level a if [T,,|>t

v.alj2 "

Paired Data

Example : effect of stimulus on blood pressure

D =1833, S, =5.83
Do not reject H, at o = 0.05.

95% C.1. for fiy = 4 - 4 :

Population Proportion

Test statistic

Reject H, at significance level a if Z, <-Z .

| p-value = ®(Z,,) |
zobs 0 Zobs
e ———————

Paired Data

Example : effect of stimulus on blood pressure

[o=v-x]a]
TestH, : 4, =0 vs H,: 1, 20 at a=0.05

X and Y are dependent

Population Proportion

0

.- s

Test statistic |4 5
- J7i{L=71)/n

Reject H, at significance level a if |Z,|>Z,, .

If Z,p <0,

p- p-value = 2P(Z,) )

Population Proportion

Example : Crosses of peas 77=Pr(Yellow pea)
Experiment : 176 Yellow, 48 Green

H,:n=0.75 vs H,:n#0.75

-~ 75
Test statistic 0.7857
/224

__ 07857-075 | =1.3021< Z,,,, =1.96
JiO.7857ﬂO.2143i/224

Do not reject H, at = 0.05.

p —value = 2(1 - @(1.0321)) = 0.1928




Population Proportions

Population Proportions
Independent binomial random variables Example : Graduation rate

Al T
Test Hy:m>2n, vs H :n<nm,.

198 + 210

5 — 2 _ 0.9545-0.7524 _ _ i
Reject H, at significance level a if Z,, <-Z, | Zi= 095450045318+ [0.75290.2479 210 =6.0757> 7, =1.64




