
1. Introduction
Welcome to the series of E-learning modules on Practical - Stratified Random Sampling. In 
this  module,  we  are  going  to  cover  the  basic  problems  on  stratified  random  sampling, 
allocation  of  sample  sizes,  comparison  of  the  technique  with  that  of  SRSWOR and  the 
estimates of the standard errors. 

By the end of this session, you will be able to: 

• Obtain an estimate of population mean, total, variance of the estimators and its Standard 
error under stratified random sampling

• Understand proportional and Neyman’s allocation techniques

• Compare stratified Neyman’s and proportional allocations with SRSWOR

Problem 1:
In a survey of area under the crop, a total of 186 villages in a district were divided into 4 strata 
according to the area of the villages. From each stratum, SRS were selected and the area 
under the crop in the selected villages is noted.

Figure 1

In this table, 4 strata are given in the first column. Number of villages in each stratum is given 
in the second column and they are denoted Nh. The number of sample villages drawn from 
each stratum is given in the third column as a sample size and is denoted by nh. The areas of 
each village of the corresponding stratum are given in the last column.
Obtain an estimate of the total area under the crop in the district and estimate the standard 
error of the estimate.

Solution:
Wh is calculated as the ratio of Nh by N.
Where, N is summation Nh which is equal to one hundred and eighty six 
And n is summation nh which is equal to twenty.
sh square is obtained as (summation yhi square minus nh into y bar h square) divided by (nh 
minus 1) 

Some of the required computations are given in the following table. 



Figure 2

y bar h is obtained as the sum of the observations yhi given in the third column of the table 
divided by corresponding nh 
In the sixth column, a product of Wh and y bar h is computed and the total is obtained, which 
is equal to thirty three point seven zero four three. 

Figure 3

In the second column, the sum of the squared yhi’s are obtained and using this, the sh 
squares are obtained. 
In the next column, values obtained by dividing (Wh square sh square by nh) and the total is 
obtained in the last row as (two point two four one zero zero five). 
In the last column, values obtained by dividing (Wh square sh square by Nh) and the total is 
obtained in the last row as (point two five zero seven one eight). 

Variance  of  estimated population total  Y cap is  equal  to  (N square)  into  (summation Wh 
square into sh square by nh) minus (summation Wh square into sh square by Nh) 
Which is equal to (one hundred and eighty six whole square) into (two point two four one four 
minus zero point two five zero eight) which is equal to sixty eight thousand eight hundred and 
sixty six point seven nine seven six     
Y bar st is equal to (summation Wh into y bar h) which is equal to (thirty three point seven 
zero four three) 
Estimated population total Y cap is equal to (N into y bar st) 
Which is equal to (one hundred and eighty six into thirty three point seven zero six zero) 



which is equal to (six thousand two hundred and sixty nine point three one six zero) 
Estimate of standard error of Y cap is equal to (square root of variance of Y cap) which is 
equal to (two hundred and sixty two point four two four eight) 
     



2. Illustration 2 
Problem 2:

A sample survey is to undertake a certain limit. The mean annual income of farmers in a 
certain area is given. The farms are satisfied according to their principal products given below 
for a sample of 12 farms. Compute sample size for each stratum under:

a) Neyman’s Allocation
b) Proportional Allocation

Compare the precision of these methods with that of SRSWOR.

Figure 4

In  the first  column of  the table,  types of  the farms are given.  In the second column, the 
number of farms in the respective types is given and the average annual income of farmers is 
given in the third column. The last column represents the standard deviation of the income.

Solution: 

Figure 5



In the table presented here, mean is denoted by y bar h and standard deviation by sigma h. 
In the fifth column, Sh is calculated as sigma h into square root of (Nh by Nh minus one) 
Sixth column gives the values of Nh into Sh 
In the seventh column, Wh is calculated as Nh by N, where N is equal to summation Nh which 
is equal to one thousand and twelve 

Figure 6

In this table, for each strata, Wh into Sh values are entered in the second column and Wh into 
Sh square are given in the third column. 
In the fourth column, product of wh and y bar h are obtained. 
In the next two columns, values of (Nh minus 1) into (Sh square) and Nh into (y bar h minus Y 
bar whole square) are obtained. 

Under proportional allocation, sample sizes for each stratum can be calculated using the 
formula 
nh prop is equal to Nh  into n by N 
Under Neyman’s allocation  or optimum allocation, sample sizes are calculated as 
Nh Neyman  is equal to (Nh  into  Sh into n) divided by (summation h runs from 1 to k, Nh into 
Sh)
The table below gives the values of nh proportional allocation and nh Neyman’s allocation 
obtained using the above formulae. 

Figure 7

Estimate of population mean Y bar is y bar st is equal to (summation Wh into y bar h) which is 
equal to (four thousand one hundred twenty eight point nine one one four) 
Variance of y bar st under proportional allocation is equal to (summation, h runs from 1 to 4 



Wh into Sh square by n) minus (summation, h runs from 1 to 4 Wh into Sh square by N) 
Which is equal to (one lakh eighty six thousand nine hundred and eighty point two two seven 
five) minus (two thousand two hundred and seventeen point one five six eight) which is equal 
to (one lakh eighty four thousand seven hundred and sixty three point zero seven zero seven) 

Variance of y bar st under Neyman’s allocation is equal to (summation, h runs from 1 to 4 Wh 
into Sh whole  square by n) minus (summation, h runs from 1 to 4 Wh into Sh square by N) 
Which is equal to (one lakh three thousand two hundred and seventy point eight two one 
nine) minus (two thousand two hundred and seventeen point one five six eight) which is equal 
to (one lakh one thousand and fifty three point six six five one)                   
Variance of y bar under SRSWOR is equal to (N minus n) into S square by N into n 
Where, S square is equal to (1 by N minus 1) into summation (Nh minus 1) into Sh square 
plus summation Nh into (y bar h minus Y bar whole square) 
S square is equal to fourteen lakhs three hundred and five thousand six hundred and ninety 
seven point nine six 

Variance of y bar under SRSWOR is equal to (one thousand and twelve minus twelve) into 
(fourteen lakhs  three hundred and five thousand six hundred and ninety seven point nine six) 
divided by (one thousand and twelve into twelve) 
Which is equal to one lakh one seventy eight thousand and five point three nine 
Gain in efficiency of Proportional Allocation with that of SRSWOR is (variance of y bar under 
WOR) minus (variance of y bar st under Proportional allocation)  divided by (variance of y bar 
st under  Proportional allocation) which is equal to (five point three seven five) 
Gain in efficiency of Neyman’s Allocation with that of SRSWOR is 
(variance of y bar under WOR) minus (variance of y bar st under  Neyman’s allocation) 
divided by (variance of y bar st under  Neyman’s allocation) which is equal to (ten point six 
six) 



3. Illustration 3
Problem 3:
An advertising firm, which is  interested in determining how much to emphasize television 
advertising in a certain county, decides to conduct a sample survey to estimate the average 
number of hours each week that the households within that county watch television. 

The county has two towns, A and B, and a rural area C. Town A is built around a factory and 
most households contain factory workers with school-aged children. Town B contains mainly 
retirees and the rural area C is mainly farmers.
There are 155 households in town A, 62 in town B and 93 in the rural  area C. The firm 
decides to select 20 households from Town A, 8 households from Town B and 12 households 
from the rural area C.

The results are given in the following table.

Figure 8

Estimate  average  number  of  hours  each  week  that  households  within  that  county  watch 
television and estimate the Standard error of the estimate.
Solution: 
The  values  required  for  the  computation  of  estimates  of  the  population  parameters  and 
standard error is given in this table. 

Figure 9



Wh is calculated as the ratio of Nh by N where N is summation Nh which is equal to three 
hundred and ten 
y bar h is obtained as the sum of the observations yhi given in the problem  for the respective 
regions  divided by corresponding nh 
In the next column, a product of Wh and y bar h is computed and the total is obtained, which 
is equal to (twenty seven point six seven four) and then the values of sh square are obtained. 

Therefore,  average number of  hours each week that  household within  that  county watch 
television is (y bar st is equal to summation Wh into y bar h) which is equal to (twenty seven 
point six seven four) where (Wh is equal to Nh by N) approximately equal to twenty eight 
hours 

To estimate  the Standard Error of the sample mean:
Standard error of ybar st is equal to the square root of variance of y bar st 
Where,
Variance of  y bar st  is equal to  (summation Wh square into sh square by nh) minus 
(summation Wh square into sh square by Nh) 

Figure 10

In the second column, values are obtained by dividing (Wh square sh square by nh) and the 
total is obtained in the last row as (one point three seven four seven three nine). 
In the last column, values obtained by dividing (Wh square sh square by Nh) and the total is 
obtained in the last row as (point one five zero seven six four). 
Variance of  y bar st  is equal to  (summation Wh square into sh square by nh) minus 
(summation Wh square into sh square by Nh) 
Which is equal to (one point three seven four seven three nine) minus (zero point one five 
zero seven six four) which is equal to (one point two two three nine seven five)     
Standard error of ybar st is equal to the square root of variance of y bar st 
Which is equal to (square root of one point two two three nine seven five) which is equal to 
(one point one zero six three three three)



4. Illustration 4 
Problem 4:
A stratified sample of size two hundred is to be taken from a population with 5 strata as shown 
below.  Write  down the  sample  sizes under  proportional  and optimum allocation and also 
compare the precision of these 2 estimates.

Figure 11

Solution
In this table, corresponding to each stratum, its size and the corresponding Sh values are 
given. 

Figure 12

Here for the given values of Nh and Sh, the product of NhSh, the values of Wh which is equal 
to Nh by N, products Wh Sh square and Wh Sh are obtained and the corresponding totals are 
given in the last row of the table. 

Under proportional allocation, sample sizes for each stratum can be calculated using the 
formula 
nh prop is equal to (Nh into n by N) 
Under Neyman’s allocation  or optimum allocation, sample sizes are calculated as: 
Nh Optimum  is equal to (Nh  into  Sh into n) divided by (summation, h runs from 1 to k, Nh 
into Sh) 
The following table gives the values of sample sizes nh under proportional and optimum 



allocations for each stratum using the formulae given above. 

Figure 13

To compare the precision of the estimates:
Variance of y bar st under proportional allocation is equal to (summation, h runs from 1 to 5 
Wh into Sh square by n) minus (summation, h runs from 1 to 5 Wh into Sh square by N) 
Which is equal to (one hundred and seventy one point seven five seven eight by two hundred) 
minus (one hundred and seventy one point  seven five  seven eight  by two thousand five 
hundred) which is equal to (zero point seven nine zero zero eight six) 
Variance of y bar st under Optimum allocation is equal to (summation, h runs from 1 to 5 Wh 
into Sh whole  square by n) minus (summation, h runs from 1 to 5 Wh into Sh square by N) 
Which is equal to (zero point seven eight zero zero zero zero five) minus (zero point zero six 
eight seven zero three one two) which is equal to (zero point seven one two nine seven)

From the above values, one can observe that variance of the estimate under proportional 
allocation is greater than that of optimum allocation. 
Therefore, variance of y bar st under Optimum allocation is less than variance of y bar st 
under proportional allocation. 
Hence, optimum allocation is more précised than proportional allocation. 



5. Illustration 5
Problem 5:
A sample  of  30  students  is  to  be  drawn  from a  population  consisting  of  three  hundred 
students belonging to 2 colleges A and B. The means and Standard deviations of their marks 
are  given  below.  Determine  the  sample  size  under  proportional  allocation.  Obtain  the 
standard  error  of  the  estimate  of  the  population  mean  and  compare  its  efficiency  with 
SRSWOR.

Figure 14

Solution: 

Figure 15

In this table, total number of students of college A and college B is represented by Nh.   
In the second and third columns, average values and standard deviation of marks are given 
respectively.       
The sample size under Proportional Allocation can be obtained as follows: 
 nh proportional is equal to (Nh into n by N) which is equal to (Nh into thirty divided by three 
hundred) 
Sample sizes  obtained under proportional  allocation using the above formula for  the two 
colleges A and B are twenty and ten respectively. 

Figure 16



In the table presented here, the second column gives Sh values which are obtained as (sigma 
h into square root of  Nh by Nh minus 1) 
Next column gives the values of wh which is equal to Nh by N 
In the next columns, (Nh minus 1) into Sh square and Nh into (y bar h minus Y bar whole 
square) values are computed. 

Standard error of the estimate of the population mean is 
Standard error of y bar st is equal to square root of variance of y bar st 
Since the sample observations are drawn using proportional allocation, let us obtain variance 
of y bar st using proportional allocation technique which is given as follows: 
Variance of y bar st under proportional allocation is equal to (summation, h runs from 1 to 5 
Wh into Sh square by n) minus (summation, h runs from 1 to 5 Wh into Sh square by N) 
Which is equal to (eighteen point one six six nine three) 
Standard error of y bar st is equal to (square root of  variance of y bar st) which is equal to 
(four point two six two six two) 
Variance of y bar under SRSWOR is equal to (N minus n into S square by N into n) 
Where S square is equal to (1 by N minus 1) into (summation Nh minus 1 into Sh square) 
plus (summation Nh into y bar h minus Y bar whole square) 
Which is equal to (eight  hundred and twenty seven point  seven five nine) 
By substituting the given values and the value of S square in the formula of variance of y bar 
WOR we get the variance as (twenty four point eight one zero zero three) 
Gain in efficiency of proportional allocation with that of SRSWOR is 
(Variance of y bar under WOR) minus (variance of y bar st under proportional allocation) 
divided by (variance of y bar st under proportional allocation) which is equal to (zero point 
three six six six) which is equal to (thirty six point six six percent).

Here’s a summary of our learning in this session, where we understood:

• The stratified random sampling technique  to estimate the parameters of the 
population with the standard error

• The methods of allocation of sample sizes 

• The comparison of stratified sampling proportional and optimum allocation 
techniques with that of SRSWOR


