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SIMPLE RANDOM SAMPLING

Exercise 1.
From a population of size 2000 a sample was drawn due to the simple random
sampling without replacement and the following values of observed variate
were obtained

34,38,34,38,36,37,34,37,39,33,39,32,40,35,34,30,35,38.

Find a confidence interval, at the confidence level 0.95, for a mean value of
the variate. What is the minimal sample size to obtain an error of estimation
not greater than 0.7?

Exercise 2.
From a population of 2000 units a sample of size 15 was drawn to the scheme
of simple random without replacement. Following values of the observed
variate were obtained

23,17,24,25,23,20,23,28,19,22,21,22,19,22,21.

Build a confidence interval, at the confidence level 0.95 for a mean value of
the observed variate. What is the minimal sample size to obtain an error of
estimation not greater 0.5?

Exercise 3.
A charity was interested in estimation of the total number of people living
between a river and a mountain range. From satellite photos the total number
of houses is known, but the numbers of people living in those houses remains
unknown. It was decided to draw in random (without replacement) some
houses and find out how many residents are there. The following results
were obtained:

5,6,3,3,2,3,3,3,4,4,3,2,7,4,3,5,4,4,3,3,4,3,3,1,2,4,3,4,2,4.

Knowing that there are 3238 houses in the region may it be supposed that
there are more than 10000 inhabitants? What is the accuracy of estimation
of the total number of residents?



EXERCISES 2

Exercise 4.
A simple random sample of 18 housholds was drawn without replacement
from a city area containing 2000 households. The income per household (in
thousands PLN) in the sample were as follows: 34, 38, 34, 38, 36, 37, 34,
37, 39, 33, 39, 32, 40, 35, 34, 30, 35, 38. Estimate the mean income per
household in the area (at confidence limit 95%). What should the minimum
sample size be so that the sampling error does not exceed 0.7?

Exercise 5.
A simple random sample of 18 housholds was drawn without replacement
from a city area containing 2000 households. The income per household (in
thousands PLN) in the sample were as follows: 23, 17, 24, 25, 23, 20, 23, 28,
19, 22, 21, 22, 19, 22, 21. Estimate the mean income per household in the
area (at confidence limit 95%). What should the minimum sample size be so
that the sampling error does not exceed 0.5?

Exercise 6.
The authorities of a town of 4500 households decided to estimate mean in-
come per household. A random sample of households were drawn due to the
simple random sampling without replacement. Incomes of drawn households
were as follows (in thousand PLN): 3.4, 3.8, 3.4, 3.8, 3.6, 3.7, 3.4, 3.7, 3.9,
3.3, 3.9, 3.2, 4, 3.5, 3.4, 3, 3.5, 3.8.
At 95% confidence level estimate the mean income. What should the mini-
mum sample sizes be so that the sampling error does not exceed 250 PLN?

STRATIFIED RANDOM SAMPLING

Exercise 7.
All the 4000 farms in a population are stratified by farm size. The first strata
consists of 2000 small farmers, the second of 1000 medium farmers and the
third of 1000 large farmers. From each strata a sample due to the without
replacement scheme is drawn. The expenditure (in thousands PLN) on the
insecticides used during the last year by each farmer is presented below:
– small farmers: 28, 35, 35, 29, 40, 30, 39, 29, 27, 26, 33, 25, 38, 29, 31, 24,
26, 33, 39, 33, 29, 29, 38, 33, 34, 37, 34, 34, 30, 30
– medium farmers: 25, 22, 22, 19, 26, 18, 26, 20, 24, 19, 21, 21, 24, 23, 21
– large farmers: 31, 29, 34, 35, 39, 32, 33, 36, 33, 31, 37, 35, 34, 30, 23
At 95% confidence level estimate the mean expenditures on the insecticides
used during the last year per farm.
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Exercise 8.
All the 4000 farms in a population are stratified by farm size. The first strata
consists of 2000 small farmers, the second of 1000 medium farmers and the
third of 1000 large farmers. From each strata a sample due to the without
replacement scheme is drawn. The expenditure (in thousands PLN) on the
insecticides used during the last year by each farmer is presented below:
– small farmers: 28, 35, 35, 29, 40, 30, 39, 29, 27, 26, 33, 25, 38, 29, 31, 24,
26, 33, 39, 33, 29, 29, 38, 33, 34, 37, 34, 34, 30, 30
– medium farmers: 25, 22, 22, 19, 26, 18, 26, 20, 24, 19, 21, 21, 24, 23, 21
– large farmers: 31, 29, 34, 35, 39, 32, 33, 36, 33, 31, 37, 35, 34, 30, 23
At 95% confidence level estimate the mean expenditures on the insecticides
used during the last year per farm. What should the minimum sample sizes
be so that the permissible error of estimation the mean expenditures on the
insecticides does not exceed 0.5?

Exercise 9.
All the 5000 farms in a population are stratified by farm size. The first strata
consists of 2000 small farmers, the second of 1000 medium farmers and the
third of 2000 large farmers. From each strata a sample due to the without
replacement scheme is drawn. The expenditure (in thousands PLN) on the
insecticides used during the last year by each farmer is presented below:
– small farmers: 28, 35, 35, 29, 40, 30, 39, 29, 27, 26, 33, 25, 38, 29, 31, 24,
26, 33, 39, 33, 29, 29, 38, 33, 34, 37, 34, 34, 30, 30, 35, 31, 32, 25, 35, 31, 29,
38, 27, 29
– medium farmers: 21, 19, 17, 22, 24, 21, 24, 23, 31, 20, 26, 25, 21, 23, 21,
25, 22, 22, 19, 26
– large farmers: 35, 35, 34, 35, 39, 29, 32, 36, 33, 31, 37, 35, 34, 30, 33, 34,
24, 34, 32, 25, 29, 39, 22, 30, 23, 22, 36, 30, 31, 24, 26, 26, 37, 38, 22, 24, 30,
33, 34, 27
At 95% confidence level estimate the mean expenditures on the insecticides
used during the last year per farm. What should the minimum sample sizes
be so that the sampling error does not exceed 0.5?
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Exercise 10.
A sample of colleges and universities was drawn by the Office of Education
in order to estimate enrolments for the academic year. The population of
196 teachers’ colleges and normal schools was arranged in six strata. The
first five strata were constructed by size of institution, the sixth contained
colleges for women only. Table 1 shows the values of Nh (size of stratum
h), h = 1,2, . . .6, and samples. At 95% confidence level estimate the total
enrolment in the academic year. What should the minimum sample sizes be
so that the permissible error in stratified sampling proportional to the size
of strata does not exceed 40000. Note that the permissible error relates to
the total enrollment. From which strata should be drawn additional units?

Stratum Nh Sample

1 13 3625 4624 2186 1469 4284 2279 3094

4608 3384

2 18 4187 2717 6278 3981 2880 4570 2548

3 26 5896 5449 3691 5294 4324 1736 3154

4094 2047 4157

4 42 6 420 4079 4064 6384 2966 5529 4135

5 73 4 827 4560 5205 4412 2903 5766 5683

5975 5074 5364 7473 4591 4311

6 24 1552 1963 490 903 1597 1446 1380

2882 2511 3176

Table 1. A sample of colleges and universities drawn by the Office of Edu-
cation
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Exercise 11.
It is crucial for the Office of Education to estimate total enrolments for
the academic year with high precision. The total enrolments is expected to
be about 22 millions. So the Office wants the error of the total enrolments
estimator to be not greater than 100 thousand and at the same time the total
cost to be possibly minimal. So a pilot sample of colleges and universities
was drawn. The population of 588 teachers’ colleges and normal schools
was arranged in six strata. The first five strata were constructed by size of
institution, the sixth contained colleges for women only. Table 2 shows the
values of Nh (size of stratum h), h = 1,2, . . .6, and the pilot samples. Find
the minimum cost allocation under condition that unit cost for collecting
information is expected to be $4.0, $5.5, $6.5, $6.5, $5.0 and $6.0 for stratum
the first, the second, the third, the fourth, the fifth and the sixth accordingly.

Stratum Nh Sample

1 39 3625 4624 2186 1469 4284 2279 3094

2 54 4187 2717 6278 3981 2880 4570 2548

3 78 5896 5449 3691 5294 4324 1736 3154

4 126 6 420 4079 4064 6384 2966 5529 4135

5 219 4827 4560 5205 4412 2903 5766 5683

6 72 1552 1963 490 903 1597 1446 1380

Table 2. A pilot sample of colleges and universities drawn by the Office of
Education
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Exercise 12.
It is crucial for the Office of Education to estimate mean enrolments per
colleges and normal schools for the academic year with high precision. So the
Office wants the error of the mean enrolments estimator possibly minimal and
at the same time the total cost of drawing samples not greater than $1000.
So a pilot sample of colleges and universities was drawn. The population of
588 teachers’ colleges and normal schools was arranged in six strata. The
first five strata were constructed by size of institution, the sixth contained
colleges for women only. Table 3 shows the values of Nh (size of stratum
h), h = 1,2, . . .6, and the pilot samples. Find the optimal allocation under
condition that unit cost for collecting information is expected to be $4.0,
$5.5, $6.5, $6.5, $5.0 and $6.0 for stratum the first, the second, the third, the
fourth, the fifth and the sixth accordingly.

Stratum Nh Sample

1 39 3625 4624 2186 1469 4284 2279 3094

2 54 4187 2717 6278 3981 2880 4570 2548

3 78 5896 5449 3691 5294 4324 1736 3154

4 126 6 420 4079 4064 6384 2966 5529 4135

5 219 4827 4560 5205 4412 2903 5766 5683

6 72 1552 1963 490 903 1597 1446 1380

Table 3. A pilot sample of colleges and universities drawn by the Office of
Education
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Exercise 13.
All the 4000 farms in a population are stratified by farm size. The first strata
consists of 2000 small farmers, the second of 1000 medium farmers and the
third of 1000 large farmers. From each strata a sample due to the without
replacement scheme is drawn. The expenditure (in thousands PLN) on the
insecticides used during the last year by each farmer is presented below:
– small farmers: 28, 35, 35, 29, 40, 30, 39, 29, 27, 26, 33, 25, 38, 29, 31, 24,
26, 33, 39, 33, 29, 29, 38, 33, 34, 37, 34, 34, 30, 30
– medium farmers: 25, 22, 22, 19, 26, 18, 26, 20, 24, 19, 21, 21, 24, 23, 21
– large farmers: 31, 29, 34, 35, 39, 32, 33, 36, 33, 31, 37, 35, 34, 30, 23
At 95% confidence level estimate the mean expenditures on the insecticides
used during the last year per farm. What should the minimum sample sizes
be so that the sampling error does not exceed 0.5?

Exercise 14.
All the 5000 farms in a population are stratified by farm size. The first strata
consists of 2000 small farmers, the second of 1000 medium farmers and the
third of 2000 large farmers. From each strata a sample due to the without
replacement scheme is drawn. The expenditure (in thousands PLN) on the
insecticides used during the last year by each farmer is presented below:

− small farmers: 28, 35, 35, 29, 40, 30, 39, 29, 27, 26, 33, 25, 38, 29, 31,
24, 26, 33, 39, 33, 29, 29, 38, 33, 34, 37, 34, 34, 30, 30, 35, 31, 32, 25,
35, 31, 29, 38, 27, 29

− medium farmers: 21, 19, 17, 22, 24, 21, 24, 23, 31, 20, 26, 25, 21, 23,
21, 25, 22, 22, 19, 26

− large farmers: 35, 35, 34, 35, 39, 29, 32, 36, 33, 31, 37, 35, 34, 30, 33,
34, 24, 34, 32, 25, 29, 39, 22, 30, 23, 22, 36, 30, 31, 24, 26, 26, 37, 38,
22, 24, 30, 33, 34, 27

At 95% confidence level estimate the mean expenditures on the insecticides
used during the last year per farm. What should the minimum sample sizes
be so that the sampling error does not exceed 0.5?
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Exercise 15.
The problem was to estimate the average time per week devoted to study in
Punjab Agricultural University (PAU) library by the students of this univer-
sity. The university is running undergraduate, master’s degree and doctoral
programs. Number of students registered for the three programs are 1300,
450, and 250 respectively. Since the value of the study variable is likely to
differ considerably with the program, the investigator divided the popula-
tion of students into 3 strata: undergraduate program (stratum I), master’s
program (stratum II), and doctoral program (stratum III). From each of
the strata a WOR simple random sample was drawn. It gave the following
information about weekly time devoted in library.

− Stratum I: 11, 6, 7, 10, 10, 8, 7, 5, 4, 6, 9, 13, 9, 10, 10, 8, 5, 6, 6, 8,

− Stratum II: 16, 7, 15, 12, 16, 12, 15, 16, 11, 19, 20, 22, 19, 16, 23,

− Stratum III: 16, 19, 18, 17, 20, 20, 21, 21, 22, 19, 22, 18, 22, 22, 24.

Estimate the average time per week devoted to study by a student in PAU
library. Also, build up the confidence interval for this average.
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Exercise 16.
A car manufacturing company has sold 2000 cars to the public through li-
censed dealers. The company is now interested in finding out the average
distance travelled per week by a car manufactured by the company. This
information is likely to be helpful in fixing the warranty period for certain
parts of the car. The addresses and telephone numbers, if installed, of all
the buyers along with their occupations are available at the head office of
the company. Since the distance travelled by a car is likely to vary with the
profession of the buyer, the investigator divides the population into 3 groups
- the businessmen (stratum I), employees (stratum II), and others (stratum
III) which includes farmers, etc. Out of 2000 buyers, 825 are businessmen,
700 employees, and 475 others. The average per unit cost for collecting
information is expected to be $4 for businessmen, $5.5 for employees, and
$6.5 for persons from other category. The observations on the study variable
obtained from WOR simple random samples are given as follows

− Stratum I: 663, 793, 659, 650, 728, 656, 536, 847, 751, 743, 614, 614,
618, 643, 596,

− Stratum II: 417, 348, 498, 501, 378, 564, 429, 330, 456, 398

− Stratum III: 703, 696, 952, 812, 1076, 747, 961, 713, 871, 765.

a) Find the minimum variance allocation under condition that the total
budget at hand is $870.

b) Find the minimum cost allocation under condition that the error of the
average distance estimator must be less than 20.
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Exercise 17.
An audit is to be performed on the records of a large medical group that
treats patients on Medicaid. The medical group is divided into five smaller
groups (categories) according to the type of its patients. The purpose of
the audit is to estimate the amount of money overcharged to Medicaid by
this medical group during 1996. During that year, the medical group treated
2520 patients (470, 350, 680, 270 and 750 from the first, second, third, fourth
and fifth category accordingly). The Medicaid dollars spent on behalf of each
patient are given in the following pilot samples drawn without replacement
from the appropriate categories of patients:

− Category 1:239, 215, 221, 236, 246, 219, 212, 197, 212, 241, 213, 228,

− Category 2: 377, 335, 365, 328, 328, 311, 359, 322, 338, 358,

− Category 3: 418, 377, 419, 386, 401, 373, 409, 362,

− Category 4: 496, 499, 500, 501, 479, 471, 507, 549,

− Category 5: 566, 548, 592, 593, 545, 585, 561, 615, 593, 581, 585, 554,
591, 575, 622.

The audit decided that the error of the average estimator less then $3 is
required. Find the appropriate optimal variance allocation.
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TWO – STAGE RANDOM SAMPLING

Exercise 18.
A district is running 110 nursery schools in the rural area. The total number
of children in these schools, is known to be 8040. The Department of Foods
and Nutrition of a university has undertaken a project to determine the
quality of food intake by the children in these schools. For this purpose, a
sample of 10 schools was selected using WOR equal probability sampling.
From each selected school, about 5 percent of children were selected using
same procedure. Elaborate diet records were kept for each selected child,
and the average daily calory intake was then determined. The information
thus collected, is presented in the following table:

Average calory intake
School Nr nr for sample children

1 100 5 650 680 712 766 770
2 93 5 745 690 703 740 671
3 40 2 736 692
4 80 4 703 777 687 714
5 42 2 699 724
6 62 3 760 704 680
7 96 5 715 660 690 670 650
8 46 2 668 701
9 99 5 704 712 692 697 687
10 104 5 714 716 704 725 730

Estimate the average daily calory intake for the children of all the 110 schools.
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Exercise 19.
In addition to the crop cutting survey, the Department of Agriculture had
decided to estimate per hectare wheat yield by taking cultivator as the ulti-
mate sampling unit. The list of all the 300 villages comprising the district
was available. However, information regarding the number of cultivators in
each village was not available. Two-stage sampling was, therefore, thought
to be an appropriate design. A WOR simple random sample of 10 villages
was drawn. About 10 percent of the cultivators in each sample village were
selected using same sampling scheme. The per hectare wheat yield (in quin-
tals) obtained by the selected cultivators was asked for by the investigator.
This information, along with the total number of cultivators (Nr) and the
number of cultivators sampled (nr), is presented in the following table:

Village Nr nr Per hectare wheat yield
1 40 4 29.70 32.80 28.80 30.65
2 28 3 33.18 32.60 33.41
3 35 4 27.76 25.30 31.4 30.60
4 24 2 34.17 31.69
5 17 2 27.28 32.40
6 30 3 35.20 33.40 29.50
7 25 3 28.24 27.45 34.90
8 21 2 30.45 29.12
9 38 4 28.23 31.56 33.45 29.70
10 50 5 33.60 28.70 32.07 32.65 28.40

Estimate average per hectare yield of wheat in the district.



13 SJ,PK,WZ

Exercise 20.
The co-operative societies in an Indian state, provide loans to farmers in
terms of cash and fertilizer within the sanctioned limit, which depends on
the share of the individual in the co-operative society. The society declares
an individual defaulter, if he/she does not repay the loan within the specified
time limit. An investigator is interested in estimating the average amount
of loan, per society, standing against the defaulters. The total number of
co-operative societies in the state is 10126. However, the list of all the so-
cieties is not available at the state headquarter but the same is available at
development block level. Therefore, it seems appropriate to use two-stage
sampling for selecting a sample of societies. Keeping in view the budget and
time constraints, it was decided to select 12 blocks from the total of 117
blocks and approximately 10 percent of the societies from each of the sample
blocks. The information obtained from the selected societies is given in table

Block Nh nh Amount due from defaulters
1 60 6 12.5 36.4 26 55.6 58.1 40.8
2 102 10 57.4 16.8 20.3 70.1 34.6 22.6

44.9 28.4 17.5 33.7
3 48 5 12.9 41.6 34.7 30.8 61.1
4 113 11 28.7 82.4 37.3 41.9 24.7 36.6

39.3 49.6 26 76.8 51.6
5 92 9 44.8 42.9 51.7 28.8 36.4 40.1

61.6 47.8 77.4
6 57 6 31.6 24.8 69.9 44.9 59.7 38.6
7 82 8 49.6 36.9 27.3 63.6 73 44.9

87.1 61.2
8 96 10 53.7 34.9 41.5 43.4 56.6 28.9

23.4 32.8 60.2 47.6
9 53 5 41.7 54.9 33.9 27.9 46.3
10 71 7 24.4 38.9 47.8 45 32.6 66.5

58.3
11 77 8 42.9 37.3 30.8 51.9 60.1 34.6

28.4 38.3
12 56 6 44.7 34.9 61.7 74.6 37.4 49.2

Estimate the average of loan assuming WOR+WOR sampling scheme.


