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Review 
   Example (1) 

Compute the mean, Variance, Standard deviation of the 

following population values: 

 6, 3, 5, 4, and 2   by using two deferent formulas  

Solution: 

i iX  2

iX  

1 6 36 

2 3 9 

3 5 25 

4 4 16 

5 2 4 

Total 

 20iX  902 
iX  

4
5

201 




N

X
N

i

i

x  

  216184
5

901 221

2

1

2

122 









































x

N

i

iN

i

N

i

i

i
N

X

N

X

X
N



  414.1216184
5

90 221

2





x

N

i

i

N

X

  
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Sampling distribution: 
   

How to draw sample from population 

 

 
 

 

 Case (1) the sampling with replacement: 
 

 nNK   Number of samples  

Case (2) the sampling without replacement: 
 

             (2-1) the order of selected objects is important    

 
).1)......(3)(2)(1(

!
!




 nNNNNN
nN

N
PKsamplesofNumber n

N  

            (2-2)The order of selected objects is not important  

 
.

!
!!

nnN

N
CKsamplesofNumber n

N


  

!

)........1()..3)(2)(1(

n

nNNNNN 
  

 

                                    

 

 

Number of samples 

, n 

With replacement Without 

replacement 
 

The order of selected 

objects is not 

important 

The order of selected 

objects is important 

Combination=

nN Csamplesofnumber 

 

Permutation=

nN Psamplesofnumber 

 

 

Number of 

samples  nN  
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We study three cases: 

    Case (1):  The sampling distribution with replacement: 

Case (2): The sampling distribution without replacement:  

                             (2-1): The order of selected objects is     

important.         

                         Case (2-1): The order of selected objects is 

not important. 

 

    Case (1):  The sampling distribution with replacement: 

 

Example (2) 

   Refer to example (1) list all possible samples of 2 executives 

from the population and compute their means (with 

replacement).Find: 

 1. How many different samples of 2 are possible? 

 2. The probability of selecting any of the possible simple 

random samples. 

3. The mean of iX  (the mean of sampling distribution of 

the sample means), the variance of iX (the variance of 

sampling distribution of the sample means), the standard 

deviation of iX (the standard deviation of sampling 

distribution of the sample means). 

Solution: 

With replacement 

1. Number of samples=k = 2552 nN  

2. The probability of selecting any of the possible simple 

random samples 

25

11


nN
P  

The items: 6, 3, 5, 4, 2  
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The possible samples: 

The Mean and The Variance of 
iX

____

 

Sample number (i) Samples X   
1 6 ,6 6 36 

2 6,3 4.5 20.25 

3 6,5 5.5 30.25 

4 6,4 5 25 

5 6,2 4 16 

6 3,6 4.5 20.25 

7 3,3 3 9 

8 3,5  4 16 

9 3,4 3.5 12.25 

10 3,2 2.5 6.25 

11 5 ,6 5.5 30.25 

12 5 ,3 4 16 

13 5,5 5 25 

14 5, 4 4.5 20.25 

15 5,2 3.5 12.25 

16 4 ,6 5 25 

17 4, 3 3.5 12.25 

18 4 ,5 4.5 20.25 

19 4,4 4 16 

20 4,2 3 9 

21 2 ,6 4 16 

22 2, 3 2.5 6.25 

23 2 ,5 3.5 12.25 

24 2,4 3 9 

25 2,2 2 4 

   100X  4252 X  

 

 

The mean of 
iX

____

= 4
25

100............... 2521

25

1

__













K

xxx

k

X
i

i

x

  

x
x

      , In this case the statistic is an unbiased estimator of 

the parameter. 
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  116174
25

425 221

2__

2
 




x

k

i

i

x k

X

  

The Standard deviation of 
iX

____

= 

  1116174
25

425 221

2__

 




x

k

i

i

x k

X

  

1
2

2
2

2
 

n

x

x


                 1

414.1

414.1

2

414.1
 

n

x

x


  

 

 

Conclusion: For case of sampling with replacement, the sample mean 

is a random variable with mean and variance given by: 

                                                    x
x

    

n

x

x

2
2 

                          n

x

x


   
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Case (2): The sampling distribution without replacement:  

    (2-1): The order of selected objects is important.        

     (2-1): The order of selected objects is not important.    

Example (3) 
Refer to example (1) list all possible samples of 2 

executives from the population and compute their means 

without replacement if: 

       - The order of selected objects is important. 

       - The order of selected objects is not important 

      Find: 

  1. How many different samples of 2 are possible? 

  2. The probability of selecting any of the possible simple 

random samples. 

3. The mean of iX  (the mean of sampling distribution of 

the sample means), the variance of iX (the variance of 

sampling distribution of the sample means), the standard 

deviation of iX (the standard deviation of sampling 

distribution of the sample means). 

     Solution:  

Case (2-1): Without replacement and the order of selected objects is 

important: 

1- Number of samples 

 

 
20

3

5

25

5

).1)......(3)(2)(1(
!

!

!

!

!

25

!











P

nNNNNN
nN

N
PK n

N

 

1. The probability of selecting any of the possible simple 

random samples     
20

11


nN P
P  
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2. The possible samples  

The mean & variance 

Sample number (i) Samples X   
1 6,3 4.5 20.25 

2 6,5 5.5 30.25 

3 6,4 5 25 

4 6,2 4 16 

5 3,6 4.5 20.25 

6 3,5  4 16 

7 3,4 3.5 12.25 

8 3,2 2.5 6.25 

9 5 ,6 5.5 30.25 

10 5 ,3 4 16 

11 5, 4 4.5 20.25 

12 5,2 3.5 12.25 

13 4 ,6 5 25 

14 4, 3 3.5 12.25 

15 4 ,5 4.5 20.25 

16 4,2 3 9 

17 2 ,6 4 16 

18 2, 3 2.5 6.25 

19 2 ,5 3.5 12.25 

20 2,4 3 9 

    80X  3352  X  

 

 

80
20

1

__


i

iX 

335
20

1

__
2 

i

iX  

The mean of 
iX

____

= 4
20

80............... 2021

20

1

__













k

xxx

k

X
i

i

x

  

x
x

      , In this case the statistic is an unbiased estimator of the 

parameter 

The Variance of 
iX

____

= 
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  75.01675.164
20

335 221

2__

2
 




x

k

i

i

x k

X

  

The Standard deviation of 
iX

____

= 

  87.075.01675.164
20

335 221

2__

 




x

k

i

i

x k

X

  

  75.0
4

3
1

15

25

2

2

1

2
2



































 

N

nN

n

x

x


  

87.075.0
4

3

414.1

414.1

15

25

2

414.1

1



































 

N

nN

n

x

x


  

 

Case (2-2):  

Without replacement and the order of selected objects is not 

important: 

1- The Number of samples 

          
 

.
!

!!
nnN

N
CK n

N


      

 

 
10

225

5)........1()..3)(2)(1(
!!

!

25!






 C

n

nNNNNN
 

2. The probability of selecting any of the possible simple 

random samples
10

11


nN C
P  

The possible samples  
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3. The possible samples  

The mean & variance 

Sample number (i) Samples X   
1 6,3 4.5 20.25 

2 6,5 5.5 30.25 

3 6,4 5 25 

4 6,2 4 16 

5 3,5  4 16 

6 3,4 3.5 12.25 

7 3,2 2.5 6.25 

8 5, 4 4.5 20.25 

9 5,2 3.5 12.25 

10 4,2 3 9 

    40X  5.1672  X  

 

  40
10

1

__


i

iX         5.167
10

1

__
2 

i

iX  

The mean of 
iX

____

= 4
10

40............... 1021

10

1

__













k

xxx

k

X
i

i

x

  

x
x

      , In this case the statistic is an unbiased estimator of the 

parameter 

The Variance of 
iX

____

= 

  75.01675.164
10

5.167 221

2__

2
 




x

k

i

i

x k

X

  

 

The Standard deviation of 
iX

____

= 

  87.075.01675.164
10

5.167 221

2__

 




x

k

i

i

x k

X

  

  75.0
4

3
1

15

25

2

2

1

2
2



































 

N

nN

n

x

x


  

87.075.0
4

3

414.1

414.1

15

25

2

414.1

1



































 

N

nN

n

x

x


  
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Conclusion: For case of sampling without replacement, the sample mean is a random variable with 

mean and variance given by: 

                                                  x
x

    

      













1

2
2

N

nN

n

x

x


               and       














1N

nN

n

x

x


  
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Example (4) 

  Random sample of size n were selected from populations 

with the means and variance given here. Find the number of 

samples, the mean and standard deviation of the sampling 

distribution of the sample mean in each case: 
a.   treplacemenwithnN 91036 2    

b.  

 timporisordertheandtreplacemenwithoutnN tan4527 2  

c. 

 timpornotisordertheandtreplacemenwithoutnN tan1612038 2  

Solution: 
a. 

The number of samples 21663  nNk  

10 x  

3
3

92
2 

n
x


  

73.132  xx   

or 

73.1
73.1

3

3

3


n
x


  

b. 

The number of samples 426727  PPk nN  

5 x  

67.1
6

10

6

5
2

17

27

2

4

1

2
2 




































N

nN

n
x


  

29.167.12  xx   

or 

     29.191.04142.183.04142.1
6

5

4142.1

2

17

27

2

2

1























































N

nN

n
x




c. 

The number of samples 56
123

678
38 




 CCk nN  

120 x  

  81.371.033.5
7

5
33.5

18

38

3

16

1

2
2 




































N

nN

n
x


  

95.181.32  xx   

or 
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     95.184.0312.271.0312.2
7

5

73.1

4

18

38

3

4

1























































N

nN

n
x




 

Example (5) 
If 2,6  nN  

Find  

a. Number of samples and the probability of selecting any 

of the possible simple random samples in case of drawing 

with replacement. 

    b. Number of samples and the probability of selecting 

any of the possible simple random samples in case of 

drawing without replacement, order are important. 

   c. Number of samples and the probability of selecting 

any of the possible simple random samples in case of 

drawing without replacement, order are not important. 

Solution 
a.  

36

11

3662





n

n

N
P

Nk

 

b.  

30

11

3056)1(
)(

26!

!








nN

nN

P
P

PNN
nN

N
Pk

 

c. 

 
15

12

56

262

6

!

)1(

)( !!

!

26!!

!














 C

n

NN

nNn

N
Ck nN  
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Theorem1: 

 

If the population follows a normal probability distribution, then 

for any sample size the sampling distribution of the sample 

mean will be also normal. 

   Suppose that  2,~ XNX   and let X  be the mean of a sample of 

size n  then  2,~
X

NX   where; 




























replacmentwithoutofcasein
N

nN

n

replacmentofcasein
n

X

X

X

;
1

;

2

2

2






 

 

 

Theorem2 (The Central limit Theorem): 

 

If all sample of a particular size are selected from any 

population, the sampling distribution of the sample mean is 

approximately a normal distribution. This approximation 

improves with larger sample ( 30n ). 

  

 For a population with a mean   and a variance 
2  the 

sampling distribution of the means of all possible samples of 

size n   generated from the population will be approximately 

normally distributed with mean   and standard deviation n/  

as the sample size n  becomes larger ( 30n ). 
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Example (6)    
Suppose that the random variable X represent the IQ (Intelligence 

quotient) score for students at certain university, and 

that  275,100~ NX . A random sample of size 25 students is selected. 

Find the following: 

1. Probability that the mean IQ score computed from the sample will 

be grater than 125.  

2. Probability that the mean IQ score computed from the sample will 

be less than 80. 

3. Probability that the mean IQ score computed from the sample will 

be between 70 and 130. 

 

Solution: 

1. Note that  225,100~ NX  

15225

225
25

5625

25

75
,100

2
2





x

x




 

  0475.0
15

100125
125 







 
 ZPXP  

 

 

 

 

 

 
 

 

2.     0918.033.1
15

10080
80 







 
 ZPXP  

3.   9546.0
15

100130

15

10070
13070 







 



 ZPXP  

 
 
 
 

 

 

 

 

 


