SEC“10”

TESTING A SINGLE MEAN



https://www.statisticshowto.com/testing-single-mean/:~:text=Hypothesis%20Testing%20%3E%20Testing%20a%20Single,deviation(%CF%83)%20or%20not.

Statistical Hypothesis

» Hypothesis testing in statistics is a way for you to test the results of a
survey or experiment to see if you have meaningful results. You’re
basically testing whether your results are valid by figuring out the
odds that your results have happened by chance. If your results may
have happened by chance, the experiment won’t be repeatable and so
has little use.



Hypothesis
 There are two hypotheses:

I. Null Hypothesis “ H, ” : Censoring a population parameter will always be
stated so as to specify an exact value of the parameter.
H,: population parameter = given value " tested value “.

Il. Alternative Hypothesis “H, : Allows for the possibility of several values may
be greater than, less than, or not equal.

H,: population parameter > given value " tested value .
or

H,: population parameter < given value " tested value .
or

H,: population parameter # given value " tested value .



 In testing any statistical hypothesis, there are four possible situations
that determine whether our decision is correct or in error. These four
situations are summarized in the following table:

Reject H Type | error Correct decision
Accept H, Correct decision Type Il error

Thus, the two types of error can happen in hypothesis-testing problems:
I. Type I error: Is rejection Hy when H it is actually true.
Il. Type Il error: Is accepting Hy, when H, it is actually false.



Hypothesis

 The 7 Step Process of Statistical Hypothesis Testing:

1. State the Null Hypothesis that Hy: 8 = 6,.
2. Choose an appropriate alternative hypothesis from one of the alternatives

Hy: 0 > 0, } One tailed “one-sided” test
H;:0 < 8y, or

Hqy:0 # 6h. — Two tailed “two-sided” test

3. Choose a level of significance level of size a: The probability of committing a
type | error “ the size of the critical region™.

a given (0.05 or 0.01), if not given set ¢ = 0.05

4. Compute the critical value “ the value that separate the region of rejection
(critical region) from the remaining values ™: 1 s calculated from the z-table or -

[able.




5. Critical Region:

H;:0 > 0, Right-tail test
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Don’t Reject H \
(table),

6. Compute the test statistics from the sample data: a @

H;:0 < 0,, Left—tail test

. (J\\/\O
Q\e\e
— Don’t Reject H,
-(table),

H,: 0 # 0,, two—tailed test

Reject H,

-(table)« (table)%
2

uantity, calculated from the

sample information used as a basis for deciding whether or not to reject the

null hypothesis.

7. Decision: Reject H If the test statistics has a value in the critical region;
otherwise, do not reject H,,.



Tests Concerning a Single Mean

Testing the hypothesis that the mean u of a population, equals a specific value .

1.

2.
3.
4.

Ho: @ = o
Hy: > po, Hy: u<ug, or Hy:u# ug. (ifnotgivenset Hy: u # ugp)
a = 0.05 or 0.01. (if not given set « = 0.05)

Compute the critical value from z-table or t-table, according to the following three
cases:

Population Standard Deviation “a”

If ¢ known If 0 unknown— s known
Use: Z- table. ]

1
If n > 30 If n < 30
Use: Z- table. Use: t- table.




5. Critical Region:
Hy:u > g, Right-tail test Hy:u < uo, Left—tail test

1o

Hy:p # uo, two—tailed test
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6. Compute the test statistic value (Z or T), according to the following three cases:
Population Standard Deviation “o”

[ |
If 0 known If o unknown— s known

Compute: Z = K0 :

Ny

Ifn =30
Compute: Z = =

=

\
Ifn<30_

x=

Compute: T = —=

=l



7. Decision: compare the calculated statistic (Z or T) with the corresponding
critical region limits such that:

Reject H : if the calculated statistic (Z or T) falls in the rejection region.
not reject Hy : otherwise.




Sheet (7)
2. An electrical firm manufactures light bulbs that have a lifetime that is approximately

normally distributed with a mean of 800 hours and a standard deviation of 40 hours.

Test the hypothesis that u = 800 hours against the alternative
u_# 800 hours if a random sample of 30 bulbs has an average life of 788 hours.
Solution
Uo = 800, o = 40, n = 30, x = 788
1. Hy: p=800.
2. Hl: U #+ 800.
3. a = 0.05.

4. Critical value:
o known — use z-table at - ( two-tailed test ) -

Za = Z0.05 = Zo.025
2 2

S~ Za = 1.96

N R




5. Critical Region: g ., + 800, two—tailed test

—1.96 1.96

6. Compute the test statistic value (Z):
o known, thus we compute:

x—y0=788—800_

Z = i 20 =-1.64
Vn V30

7. Decision:

Since Z = —1. 64 falls in the acceptance region, we not reject H, and conclude that the
average life of bulbs is 800 ( = 800).
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1. A random sample of 64 bags of white Cheddar popcorn weighed, on average, 5.23
ounces with a standard deviation of 0.24 ounces. Test the hypothesis that u = 5.5
u < 5.5 ounces at the 0.05 level of

ounces against the alternative hypothesis,

significance.

Ho = 5.5,

1. HO: U= 5.5.
2. Hl: U < 5.5

3. a = 0.05.

4. Critical value:
o unknown and n = 64 > 30 —»
use z-table at a( One-tailed test )

Za

= Zp.05 —

1.64 + 1.65

2

Solution

n = 64,

x = 5.23,

s = 0.24

0 0 02 00 0506

]9
-1
L]

-1%
-1

z, = 1.645

0.0080 0081 o.0ms 00268 o.0de2 o.0fss 0,050
0035 0.0%51 0.0 0.0 0.0028 0,002 0,034
O 0p o DOE O 0L 0
(ot tss—ten= 0505 L85 0,045
0,068 0.0655 0,063 0.0630 Q.GLS 00606 0,051

0.044 0.
0.0307 0.

0.0384

0.0475 0,
0.0582 0.

0.0505 — 0.05 = 0.0005 vV
0.05 — 0.0495 = 0.0005 vV

0.0233
0.02%4
0.0367
00455
0,059



5. Critical Region:  p,.y < 5.5, Left—tailed test

e'\"f"&Q
® Don’t

_— Reject Hy,

—1.645

6. Compute the test statistic value (Z):

o unknown and n > 30, thus we compute:
_x—m,,_ 523—55_

S T 0.24
Vi V64

7. Decision:

Since Z = —9 falls in the rejection region, we reject H, and conclude that the average
weight of white Cheddar popcorn is less than 5.5 (1 < 5.5).
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5. It _is claimed that an automobile is driven on the average more than 20,000

kilometers per year. To test this claim, a random sample of 100 automobile owners are

asked to keep a record of the kilometers they travel. Would you agree with this claim if

the random sam

3900 kilometers

ple showed an average of 23,500 kilometers and a standard deviation of

? Solution

1o = 20000, n = 100, x = 23500, S = 3900

1. Hy: p = 20000. : _
2. Hl: U > 20000. R B R S el

3. a = 0.05.

4. Critical value:
o unknown and n = 100 > 30 -

use z-table at a( One-tailed test )
1.64 + 1.65

0 00 02 08 04 05 06 07

-19 0.0087 Q081 o000 00%8 o082 0006 0.0250 0,004
=18 035 0051 0,034 0,036 0009 0.002 0.054 0,007
1] 0446 0.006 0.007 0.008 00009 0.0400 0,039 0,034

1 AL S 005 100

15 0.0668 0,065 0.0643 0,063 (0618 0.0606 0,051 0,058

Lo = Zgos =

0.0505 — 0.05 = 0.0005 vV

2 “Zg =1.645 0.05 — 0.0495 = 0.0005 v'v'

0

0.0239
0,0301
0.0375
0.0465
0,071

— .09 -

0.0233
0.02%4
0,0367
0,045
0,059



5. Critical Region: g, > 20000, Right—tailed test

Re,
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Don’t \

Reject H, ~—
1.645

6. Compute the test statistic value (Z):

o unknown and n > 30, thus we compute:

_ X—pe 23500-20000
s 3900 -

Vn 100

7. Decision:

Since Z = 8.97 falls in the rejection region, we reject H, and conclude that the
average kilometers of automobile is more than 20000 ( x > 20000 ).
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7. Test _the hypothesis that the average content of containers of a particular
lubricant is 10 litters if the contents of a random sample of 10 containers are 10.2, 9.7,
10.1, 10.3, 10.1,9.8, 9.9, 10.4, 10.3, and 9.8 litters. Use a 0.01 level of significance and
assume that the distribution of contents is normal.

Solution

wo = 10, n =10,

_ }lei_10.2+9.7+---+9.8_1006
*T710 10 v “% =10.06

Y1%x; — 10.06)2  [(10.2 — 10.06)2 + - + (9.8 — 10.06)?
\ n—1 - \1 9
= /0.0604444 = 0.246 » s =0.246

S =




1. Hy: p=10. a

0.0025 0.0005

v 0.02 0.015 0.01 0.0075
2. Hy: u+ 10.

I 15894 21205 31821 42433 127321 636.578
2 a=001 2 4849 5643 6965 8.073 14089 31600
. 3003482 3896 4541 5.047 7453 12924
4. Critical value: 4299 3298 3747 4.088 5.508 8.610
S 2757 3003 3365 3.634 4773 6.869
o unknown andn = 10 < 30 - - :
- 6 2612 289 3143 3372 4317 5.959
use t-tableat—, v = n — 1( Two-tailed test ) 72517 275 2998 3.203 4029 5.408
2 8 2449 263 289 3.085 3.833 5.041

- =t =t =t =2 3. .
ta = ta = to.01 Y p— o) —ttt 9> 3690 4781
>V > n-1 —5— 10-1 WV, 10 2359 2521 2764 2932 3.581 4587
11 238 2491 2718 2879 3.497 4437
12 2303 2461 2681 2.836 3428 4318

~ta = 3.250

3




5. Critical Region: g ., % 10, two—tailed test

e B R Ocs
e Don’t /%
Reject H

— \

—3.250 3.250

6. Compute the test statistic value (T):

o unknown and n < 30, thus we compute:
_X—pue 10.06-10

Ir'=—7%—=""%3246 =977
Vn J10

7. Decision:

Since T = 0.77 falls in the acceptance region, we not reject H, and conclude that the
average litters is 10 (. = 10).
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8. According to a dietary study, a high sodium intake may be related to ulcers, stomach
cancer, and migraine headaches. The human requirement for salt s only 220 milligrams
per day, which is surpassed in most single servings of ready-to-eat cereals. If a random
sample of 20 similar servings of certain cereal has a mean sodium content of 244
milligrams and a standard deviation of 24.5 milligrams, does this suggest at the 0.05
level of significance that the average sodium content for a single serving of such
cereal is greater than 220 milligrams? Assume the distribution of sodium contents to
be normal.

Solution

o = 220, n = 20, X = 244, s = 24.5



1. HOI U = 220. v 0.40 0.30 020 015  0.10

1 0325 0.727 1376 1.963 3.078
2. H1: u > 220. 2 0280 0617 1.061 1386 1.886
3 0277 0584 0978 1250 1638
3 a = 0.05. 4 0271 0560 0941 1190 1533
- 5 0267 0559  0.920 1.156 1476
4. Critical value: 6 0.265 0.553 0.906 1.134 1.440
¥ 7 0263 0549 0896 1119 1415
— - 8 0262 0546 0889 1.108 1397
o unknown and n 20 <30 ) 0261 0543  0.883 1.100 1383
— _tai 10 0260  0.542 0.879 1.093 1372
use t-table at «, v = n — 1( One-tailed test) 7 2 o 009 1o o7
t =t =t =t 12 0259 0530 0873 1.083 1.356
a,v a,n—1 0.05, 20-1 0.05, 19 13 0.259 0.538 0.870 1079 1.350
1 0258 0537 0868 1.076 1345
15 0258 0536 0866 1.074 1341
16 0258 0535 0865 1.071 1337
17 0257 0534 0863 1.060 1333

I8 0257 0534 0.862 1.067 1330 b, 2

oo tav =1.729 —_— G it ( 1720 |

’ 2 0257 0533  0.860 1.064 1.325

21 0.257 0.532 0.859 1.063 1.323 1.721 2.080



5. Critical Region:  H,:u > 220, Right—tailed test

Ra
ej@C{&
Don’t 0
Reject H, ~—

1.729

6. Compute the test statistic value (T):

o unknown and n < 30, thus we compute:
_ X—Wo 244 -220

T = S =245 = 4.381
Vn V20

7. Decision:

Since T = 4.381 falls in the rejection region, we reject H, and conclude that the
human requirement for salt is greater than 220 milligrams per day ( u > 220 ).



