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hypothesis
TESTING

• Test assumptions regarding population parameters and assess the

plausibility.es of those hypotheses

°

Hypothesis testing tests the plausibility of a given null hypothesis
(assumed to be true) and decides whether or not the hull should

be rejected

• Alternate hypothesis is a proposed hypothesis which is taken to be

true when the null is rejected

° Ho : null hypothesis - sample observations by chance

H
,
: alternate hypothesis - influenced by non -random cause

° Hypothesis testing produces a number between 0 and I

• Methods

D Rejection region - find critical point
2) P - value - calculate p - value

° Assume Ho is true and find p-value of test statistic . Use

p
-value as strength of evidence against Ho

.

p-value is probability that test statistic falls in that range
given that Ho is true



A scale is to be calibrated by weighing a 1000 g test weight 60 
times.
The 60 scale readings have mean 1000.6 g and standard 
deviation 2 g.
Find the P-value for testing

it

types
OF T E S T S

1) Left - tailed test

y
2) Right - tailed test 3) Two - tailed test
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Ho : µ
-

- 1000 VS H
, :p # 1000 ,

2=0.05

n--60 5=2 Spy =÷o
= 0.2582

999.4 1000.6

2-Score = 1000.6-1000 = 2.32 Al
0.2582 1000

area -

- 0.9898

p- value = 2×(1-0.9898)
= 0.0204 C L

Reject Ho
.



The mean lifetime of a sample of 100 fluorescent light bulbs 
produced by a company is computed to be 1570 hours with a 
standard deviation of 120 hours.
If      is the life time of all the bulbs produced by the company 
test the hypothesis     = 1600 against the alternate hypothesis 
      = 1600

Q2.

n
n

Ml
2=0.05

µ= 1570 8=120 n -- 100 I = 12
rn

Ho : µ
-

- 1600

Hi :µ -41600

Z= 1570
,-21600

=
- 2.5 #¥

-2.5 O 2.5

area -- 0.0062

p-Value = 2×0.0062
= 0.0124

x > p-value

i. we reject Ho



A trucking firm is suspicious of the claim that the average 
lifetime of certain tires is at least 28,000 miles.
To check the claim, the firm puts 40 of these tires on its trucks 
and gets a mean lifetime of 27,463 with a standard deviation 
1,348 miles.
Find the P value for testing

03
.

Ho :p 228000 miles

H
,
: µ L 28000 miles

h = 40 X -- 27463 S = 1348 I = 1348
rn fo

= 213.1375

2=27463-280002 =
- 2.52

213.1375

PLZ L -2.52) = 0.0059 = 0-59-1.

P C L ⇒ reject Ho

Statistically SIGNIFICANT
° If p- value is less than a particular threshold , it is said
to be statistically significant at that level

° If P E 0.05
,
result is statistically significant at the 51 level

and null hypothesis is rejected



Mice with an average life span of 32 months will live up to 40 
months when fed by a certain nutrious food.

If 64 mice fed on this diet have an average life span of 38 
months and standard deviation of 5.8 months.

Is there any reason to believe that the average life span is less 
than 40 months?

04.

N--64 X - 38 5=5-8 Irn =5gI= 0-725

Ho : µ 240

Hi : M
C 40

2=38-41 =
- 2.76

0.725

PI 0.0029
= 0.29-1.

Statistically sig at It . level

. : reject Ho



The article “Refinement of Gravimetric Geoid Using GPS and 
Leveling Data” (W. Thurston, Journal of Surveying Engineering, 
2000:27–56) presents a method for measuring orthometric 
heights above sea level. For a sample of 1225 baselines, 926 
gave results that were within the class C spirit leveling 
tolerance limits. 
Can we conclude that this method produces results within the 
tolerance limits more than 75% of the time? 

If in a random sample of 600 cars making a right turn at a certain 
traffic junction 157 drove into the wrong lane, test whether actually 
30% of all drivers make this mistake or not at this given junction.

05 .

Z

n -- 1225 §
-

- 9262 = 0.7559 Of =p = I- 506×10-4
1225 1225

Ho : PEO-75

Hi : p > 0.75

2=0.7559 - 0.75 = 0-4822

#I-506×10-4

PLZ >0.48) = I- 0.6844=0.3156 > 0.05

i. cannot reject Ho

06
.

15--151=0.2617 Opt(0.2617711-0.2617)-600
Ho : 12=0.3 600

Hi : p -40.3 Of = 0.0179

2=0.2617--0.3 =
- 2.14

0.0179

p- value = 2×0.0162=0-0324--3.24-1. at 2=0.05
, reject Ho



In a random sample of 100 tube lights produced by company 
A, the mean lifetime (mlt) of tube light is 1190 hours with 
standard deviation of 90 hours.

Also in a random sample of 75 tube lights from company B 
the mean lifetime is 1230 hours with standard deviation of 120 
hours.

Is there a difference between the mean lifetime of the two 
brands of tube lights at a significance level of 
(a) 0.05 
(b) 0.01?

97 .

Nfl 00 MA
'

- 1190 SA
-

- 90

NB
-
- 75 MB

-

- 1230 SB -- 120

D= B-A

MD -- 40 Spf-- 9%-1%72=273
D~NC4O

,
273)

'D= 2h13

Ho : 13=0

Hi :D to

2=40-0-22.42 ⇒ p
-
- 2×0-0078

£73 = 0.0156

Ca) att-- 0.05
, reject Ho (b) at 2=0.01, fail to reject



The nickel content, in parts per thousand by weight, is 
measured for six welds. The results are 9.3, 0.9, 9.0, 21.7, 
11.5, and 13.9. Let µ represent the mean nickel content for 
this type of weld. It is desired to test

DISTRIBUTION - FREE tests

1) Wilcoxon signed Rank Test

2) Wilcoxon Rank Sum test

3) Chi - Squared Test

Wilcoxon signed rank test

• small sample size , symmetric

Qf .

Ho : µ 212
H
, :p C 12

n=6

signed ranks

X X - 12 Rank

9.3 - 2- 7 - 3 St -- 7
0.9 - 11.1 - 6

9.o - 3 - 4
p - value : PC Steel )

21.7 97 ⑤ when Ho is true

11.5 - 0.5 - I

13.9 1.9 ② n-- 6

PCS+24) = O
- 1094 ⇒ Pot 770.1094

i. cannot reject Ho
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The nickel content, in parts per thousand by weight, is 
measured for six welds. The results are 9.3, 0.9, 9.0, 21.7, 
11.5, and 13.9. Let µ represent the mean nickel content for 
this type of weld. It is desired to test

The nickel content, in parts per thousand by weight, is 
measured for six welds. The results are 9.3, 0.9, 9.0, 21.7, 
11.5, and 13.9. Let µ represent the mean nickel content for 
this type of weld. It is desired to test

09.

Ho :p S5
H , :µ > 5 n=6

X X - 5 Signed Rank
9.3 43 3

0.9 - 4 - I -2 St -- 19
9. O 4.0 I

21.7 16.7 6 pest > 19)
11.5 6.5 4

13.9 8.9 5

17=0.0469

i. at 2=0.05
,
we can reject Ho

010 .

Ho:µ -46

Hi : M¥16

x x - 16 signed Rank
9.3 - 6.7 -4

0.9 - 15.1
- 6 St -- 3 P( St -43)

9. o -7 - 5

21.7 5-7 3 = 2×0.0781

11.5
- 4.5 - 2 = 0.1562 70.05

13.9 -2- I - I .

'

. do not reject



Special cases

1) In case of tied ranks
,
all get average

2) In case difference =0
, drop observation and reduce sample

size by I

3) If n >20
,
normal distribution

2 =

St
-
h(n#
4

(htt) anti)

24

Wilcoxon rank sum test

° Mann -Whitney test

• Two samples from two different populations , same shape

° Let X
, , Xz . . . Xm be smaller sample size and Y, , Yz . . . Yn

be the larger sample size (men)

° Values from both are ordered and ranked from 1,2 , - .
-

,
Mtn

• Test statistic W -- sum of ranks corresponding to X , , Xz . . . Xm



Resistances, in m, are measured for five wires of one type 
and six wires of another type. The results are as follows: 

All
.

X : 36,28 , 29 , 20,38
Y : 34,41 , 35 , 4349,46

Test Ho:µxZMy
Hi :Mxcµy

Value Population Rank

20 ④ ①
28 ④ ② w -

- 19

29 ④ ③
34 Y 4 PCWL 197

35 Y 5 m-- 5

36 ④ ⑥ n=6

38 ④ ⑦
41 Y f 13=0.0260

46 Y 9

47 Y lo for 2=0.05,
49 y l , significance

Reject Ho
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Special cases

1) If m,n > 8 normal distribution

w - mCmt
2 = 2

Mn Cmthtt)

12

Chi squared test

. X
'

test
,
X
' statistic

° Expected vs observed frequencies

. Multinomial trials
,
etc

. For k no . of outcomes

W 2

X!{ (Oi - Ei )

k-I i = , Ei

Oi : observed

Ei : expected
K-l : degrees of freedom



A gambler rolls a die 600 times and the results obtained are 
as shown in the table

012. .

Category Frequency
I 115

2 97

3 91
4 101

5 110

6 86

Ho :p, =p, =p,
-

- Py
-

- Ps
-
- Ps -- IG

Hp : unequal

category Observed Expected Oi - Ei

I 115 100 15

2 97 100 - 3

3 91 100 - 9 k -- 6

4 lol 100 I

5 110 100 10

6 86 100 14

k

XI, = E C0i2
is,

Ei

X} = 6.12

lies between lol. and 901.

.

'

. no evidence to suggest unfairness
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The article “Chronic Beryllium Disease and Sensitization at a 
Beryllium Processing Facility” (K. Rosenman, V. Hertzberg, 
et al., Environmental Health Perspectives, 2005:1366–1372) 
discusses the effects of exposure to beryllium in a cohort of 
workers. Workers were categorized by their duration of 
exposure (in years) and by their disease status (chronic 
beryllium disease, sensitization to beryllium, or no disease). 
The results were as follows:

Can you conclude that the proportions of workers in the 
various disease categories differ among exposure levels?

° Contingency table

Xi.IniiE " in
'

013
.

Duration of Exposure
Cl Ito C5 25

Diseased 10 8 23
Sensitised 9 19 11
Normal 70 136 206

Observed Duration of Exposure
Cl Ito C5 25

Diseased 10 8 23 41

Sensitized 9 19 11 39

Normal 70 136 206 412

89 163 240 492

K -- 2×2=4 df



Expected
Duration of Exposure
Cl Ito C5 25

Diseased 7-42 13.58 20 41

Sensitised 7.05 12.92 19.02 39

Normal 74-53 136.50 200.98 412

89 163 240 492

k=4

X? 3.64-16.78+0.40=10.82

between p
-

-
0.05 and p

--0.025

att-- 0.05
,
can conclude proportions differ

errosy

Real
Ho is true Ho is false

Research

Reject Ho Type I correct
x I -p

Fail to correct Type I
reject Ho l-L p


