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#Simple random sample 

Example 3.1 page 45 

Appendix C gives data related to the number of tractors in 30 serially numbered villages 

of Doraha development block in Punjab (India). Select (1) WR and (2) WOR simple 

random sample of 10 villages. Then Calculate 

(a) population mean 𝑌̅ 

 (b) population variance 𝜎2 

 (c) standard deviation of population. 

 (d) sample mean 

 (E) Sampling Variance of mean 

 (i)  confidence interval for the mean. 
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Solution 

Here village is the sampling unit. The villages in the population are already serially 

numbered which, otherwise, is the first step involved in the sample selection. Refer to 

Appendix B, and use first column by dropping the last two digits of each four digit number. 

Then we see that the first random number thus formed is 11. Similarly, the subsequent random 

numbers are seen to be 5,26,11 ... ,3 

 

(1) By selecting the first 10 random numbers from 1 to 30, without discarding 

Repetitions (WR), we obtain the serial numbers of villages in the sample. These are given below 

along with their variable values (number of tractors). 

 
village 11 5 26 11 11 24 12 22 9 3 

Tractors 𝑦𝑖 11 12 22 11 11 21 30 16 20 5 

 
One can see that 11th village has been selected twice in the with replacement simple 

random sample where repeated selection of units is permitted. 

𝑁 = 30 , 𝑛 = 10 

𝜇 =
∑ 𝑌𝑖

𝑁
𝑖=1

𝑁
= 22.5667 

  𝜎2 =
∑ (𝑌𝑖 − 𝜇)2𝑁

𝑖=1

𝑁
= 273.3789 

 𝜎 = √𝜎2 = 16.5342 

𝑦̅ =
∑ 𝑦𝑖

𝑛
𝑖=1

𝑛
=

159

10
= 15.9  ≃  16 

𝑆𝑎𝑚𝑝𝑙𝑖𝑛𝑔 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒: 𝑉(𝑦̅) =
𝜎2

𝑛
=

273.3789

10
= 27.3379 

 

stander error of the sample mean 

𝑠𝑒(𝑦̅) = √𝑉(𝑦̅) =  √27.3379 = 5.2286  

The confidence interval for population mean  𝑌̅ are given by  

𝑦̅  ∓ 𝑍
1−

∝
2

 𝑠𝑒(𝑦̅) 

15.9 ∓  (1.96)5.2286  

𝑌̅ ∈ [5.6519    , 26.1481] 
 

NOTE: If all the population units are not known, the actual value of  𝑉(𝑦̅) can not be obtained. 

Therefore,  we can use an unbiased estimator of 𝑉(𝑦̅) >>  𝑉̂(𝑦̅) =
𝑠2

𝑛
 . 

 

(2) In without replacement sample, any repetition (11th village in the present case) is omitted, 

and another random number is selected as its replacement. Next random 

numbers from 1 to 30 are 7 and 25. Thus the WOR simple random sample of 10 villages from 

the population under study is with the following serial 

numbers: 
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village 11 5 26 24 12 22 9 3 7 25 

Tractors 𝑦𝑖 11 12 22 21 30 16 20 5 44 7 

 

𝑦̅ =
∑ 𝑦𝑖

𝑛
𝑖=1

𝑛
=

188

10
= 18.8   

𝑆2 =
∑ (𝑌𝑖 − 𝜇)2𝑁

𝑖=1

𝑁 − 1
= 282.8057 

𝑉(𝑦̅) =
𝑁 − 𝑛

𝑁

𝑆2

𝑛
=

30 − 10

30
 
282.8057

10
= 18.8537  

 

Stander error of the sample mean 

𝑠𝑒(𝑦̅) = √𝑉(𝑦̅) =  √18.8537 = 4.3421 

 

The confidence interval for population mean  𝑌̅ are given by  

𝑦̅  ∓ 𝑍
1−

∝
2

 𝑠𝑒(𝑦̅) 

18.8 ∓  (1.96)4.3421  

𝑌̅ ∈ [8.5105    , 27.3105] 
 

NOTE: If population Variance are not known, we can use an unbiased estimator of 𝑉(𝑦̅) >>  

𝑉̂(𝑦̅) =
𝑁−𝑛

𝑁

𝑠2

𝑛
 . 

 

# Simple random sample 

Example 3.2 
The height (in cm) of 6 students of  M.Sc., majoring in statistics, from Punjab Agricultural 

University, Ludhiana was recorded during 1985. The data, so obtained, are given below: 

 

1. Calculate (a) population mean 𝑌̅, and (b) population variance 𝜎2 

2. Enumerate all possible SRS with replacement samples of size n =2. Obtain sampling 

distribution of mean, and hence show that 
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𝑎)   𝐸(𝑦̅) = 𝑌̅ = 𝜇                        𝑏)  𝑉(𝑦̅) =
𝜎2

𝑛
                     𝑐) 𝐸(𝑆2) = 𝜎2  m) as 

Solution: 

(1) Here N=6, and the study variable height is denoted by y. 

population mean 𝑌̅ = 𝜇 =
∑ 𝑌𝑖

𝑛
𝑖=1

𝑁
=

1044

6
= 174 

population variance 𝜎2 =
∑ (𝑌𝑖−𝜇)2𝑛

𝑖=1

𝑁
= 28.667 

(2) Number of all possible samples of size 2, in case of WR sampling, will be 

𝑁𝑛 = 62 = 36. 
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(a) Average of all possible sample means, denoted by 𝐸(𝑦̅), is obtained from 

column (4) of table 3.3 as 

𝐸(𝑦̅) =
1

36
(168 + 171.5 + ⋯ + 172) =

6264

36
= 174   ,   𝑡ℎ𝑒𝑟𝑓𝑜𝑟𝑒  𝐸(𝑦̅) = 𝑌̅  

Hence 𝑦̅ is an unbiased estimator of 𝑌̅  

(b) The variance of all possible sample means is given by 

𝑉(𝑦̅) =
1

36
∑(𝑦̅ − 𝐸(𝑦̅))2

36

𝑖=1

= 14.333 

Now from part (b) of (1), we have 

𝑉(𝑦̅) =
𝜎2

𝑛
=

28.667

2
= 14.333    , 𝑡ℎ𝑒𝑟𝑓𝑜𝑟𝑒 𝑡ℎ𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 (𝑏) 𝑖𝑠  𝑣𝑒𝑟𝑖𝑓𝑖𝑒𝑑. 

(c) From table 3.3, we find that the average of all possible sample mean squares is  

𝐸(𝑆2) =
1

36
(0 + 24 + ⋯ + 0) =

1032

36
= 28.667   

which equals population variance 𝐸(𝑆2) = 𝜎2, therefore the relation is verified. 

Hence 𝑆2 is an unbiased estimator of 𝜎2 
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Example 3.3 

From the data given in example 3.2, enumerate all the SRS without replacement samples of 
size n=2 , then solve the following part 

1- write down sampling distribution of mean, Using this distribution show that 

𝑎)   𝐸(𝑦̅) = 𝑌̅ = 𝜇                        𝑏)  𝑉(𝑦̅) =
𝑁−𝑛

𝑁

𝑆2

𝑛
                     𝑐) 𝐸(𝑠2) = 𝑆2    

height (in cm) of 6 students 

2- From each sample, find the 95% confidence limits for the population mean of the 
student height with the known population variance and its estimates; use the normal 
deviate Z =1.96 in both cases.  

3- For both the procedures in part (2), find the proportion of the confidence intervals 
enclosing the actual population mean, that is, the coverage probability.  

Solution: 

Number of possible WOR samples of size n=2 will be 𝐶2
6 = (6

2
) =

6!

2!(6−2)!
= 15. 

The heights of students included in various possible samples, along with sample means (𝑦̅) and 

sample mean squares (𝑆2), are given in table 3.5. 

 

Column (4) in table 3.5 lists mean values for all possible samples. It can also be written 

in the form of a sampling distribution as shown in table 3.6. Probability (p) values, in 
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this case also, are calculated in the same way as in table 3.4. 

 

(a) The average of all possible 15 sample means is given as 

𝐸(𝑦̅) =
1

15
(171.5 + 176.5 + ⋯ + 171.5) =

2610

15
= 174      

which is same as the population mean worked out in example 3.2. Hence 𝐸(𝑦̅) = 𝑌̅ = 𝜇 

(b)  The variance of 𝑦̅ is given by  

𝑉(𝑦̅) =
1

15
 ∑(𝑦̅𝑖 − 𝐸(𝑦̅))

2
15

𝑖=1

 

=
1

15
[(171.5 − 174)2 + (176.5 − 174)2 + ⋯ + (171.5 − 174)2] 

= 11.467 

𝑆2 =  
∑ (𝑌𝑖−𝜇)2𝑛

𝑖=1

𝑁−1
= 34.4    (𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑒𝑎𝑛 𝑠𝑞𝑢𝑎𝑟𝑒)  

Also, 
𝑁−𝑛

𝑁

𝑆2

𝑛
=

6−2

6
 
34.4

2
= 11.467 

This verifies the relation  𝑉(𝑦̅) =
𝑁−𝑛

𝑁

𝑆2

𝑛
  

(c) The average of all the 15 sample mean squares from table 3.5 is 

𝐸(𝑠2) =
1

15
(24.5 + 144.5 + ⋯ + 5) =

516

15
= 34.4 

Also, 𝑆2 = 34.4 

This verifies the relation 𝐸(𝑠2) = 𝑆2 , Which means  𝑠2 is an unbiased estimator of  𝑆2. 
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By use R Program: 

population=c("a","b","c","d","e","f") 
# select one sample(wor) of size n=2 
sample(population,2,replace= FALSE) 

[1] "b" "e" 

# obtain all the 15 samples(Generate all combinations of size 2). 
samples=combn(population,2,simplify = TRUE )  
samples 

   [,1] [,2] [,3] [,4] [,5] [,6] [,7] [,8] [,9] [,10] [,11] [,12] [,13] [,14] 
[1,] "a"  "a"  "a"  "a"  "a"  "b"  "b"  "b"  "b"  "c"   "c"   "c"   "d"   "d"   
[2,] "b"  "c"  "d"  "e"  "f"  "c"  "d"  "e"  "f"  "d"   "e"   "f"   "e"   "f"   
   [,15] 
[1,] "e"   
[2,] "f"   

# we obtain a matrix of student Height (cm). 
y=c(168,175,185,173,171,172) 
# to obtain population mean 
Ybar=mean(y) 
Ybar 

[1] 174 

# to obtain population standard deviation S. 
#The denominator n - 1 is used which gives an unbiased estimator of the 
variance. 
S=sd(y) 
S 

[1] 5.865151 

var.population=var(y) 
var.population 

[1] 34.4 

# to obtain all the sample values y1,y2 we write 
samples=combn(y,2) 
samples 

   [,1] [,2] [,3] [,4] [,5] [,6] [,7] [,8] [,9] [,10] [,11] [,12] [,13] [,14] 
[1,]  168  168  168  168  168  175  175  175  175   185   185   185  173  173 
[2,]  175  185  173  171  172  185  173  171  172   173   171   172   171 172 
     [,15] 
[1,]   171 
[2,]   172 

# to obtain all the 15 sample means ybar 
averages=apply(samples,2,mean) #for a matrix 1 indicates rows,2 indicates 
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columns 
averages 

 [1] 171.5 176.5 170.5 169.5 170.0 180.0 174.0 173.0 173.5 179.0 178.0 178.5 
[13] 172.0 172.5 171.5 

#to obtain the average of all possible 15 sample means  
mean(averages) 

[1] 174       #which is same as the population mean  
 
# to obtain all the 15 confidence interval for the population mean 
##case 1: we use population standard deviation S to compute standard error 
 
S.pop=sd(y) 
se=sqrt((6-2)/(6*2))*S.pop 
CI1=averages-1.96*se 
CI1 

[1] 164.863 169.863 163.863 162.863 163.363 173.363 167.363 166.363 166.863 
[10] 172.363 171.363 171.863 165.363 165.863 164.863 

CI2=averages+1.96*se 
CI2 

[1] 178.137 183.137 177.137 176.137 176.637 186.637 180.637 179.637 180.137 
[10] 185.637 184.637 185.137 178.637 179.137 178.137 

# coverage probability=100% 
 
## case 2: we use sample standard deviation s to compute standard error 
s=apply(samples,2,sd) 
se=sqrt((6-2)/(6*2))*s 
CI1=averages-1.96*se 
CI1 

[1] 165.8988 162.8972 166.4992 167.0995 166.7993 171.9983 172.3997 169.7993 
 [9] 171.0995 169.3980 166.7977 168.0978 170.3997 171.6998 170.6998 

CI2=averages+1.96*se 
CI2 

[1] 177.1012 190.1028 174.5008 171.9005 173.2007 188.0017 175.6003 176.2007 
 [9] 175.9005 188.6020 189.2023 188.9022 173.6003 173.3002 172.3002 

# coverage probability=10/15=67% 
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How to use calculator 

Mode (3:stat )    ___     Then ___( 1:  1- VAR) 

 يظهر جدول لإدخال  البيانات

Example: 2, 4,6, 9 

2 = , 4= , 6 = , 9= 

) AC )نضغط    

To find mean , standard deviation and variance 

 نضغط

Shift ( 1) 

 وتختار الرقم  

 5:Var ( or 4:Var) 

 ويظهر في الشاشة 

            1:n                                      2: 𝑋̅ 
3: σn (or σx)                      4: σn-1 ( or Sx) 

ملاحظة :  بين كل خطوة وخطوة نضغط     *** AC     *******  

For mean :  Push 2 

For Sample standard deviation :Push 4 

For  Population standard deviation :Push 3 

*To find sample variance = square (Sample standard deviation) 

* To find Population variance = square (Population standard deviation) 

 

 

Reference:  
Singh, Ravindra, and Naurang Singh Mangat. Elements of survey sampling. Vol. 15. Springer Science & 
Business Media, 2013. 

 


