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OBJECTIVES

After studying this module, you shall be able to






Understand the difference between deterministic and nondeterministic experiments
Understand the meaning of sample space and event
Learn to identify the sample space of an experiment
Analyse different types of events
Study the various approaches to probability
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11.1

INTRODUCTION

Probability is a degree of possibility.
G. Leibniz
From everyday life, we are familiar with many ideas and concepts of probability ranging from the
board games, sports, weather predictions, futures market, stock exchange etc. Probability deals with
the basic notion of a random experiment, whose outcome is uncertain but is nevertheless, subject to
analysis. This module discusses the concept of experiments, sample space and events which form a
stepping stone to understand probability. With the help of examples, we discuss how uncertainty and
variation in the outcomes of an experiment prompts the need of probability to describe them but we
do not discuss the concept of probability in this lesson. In this module, these concepts are discussed
in isolation of probability as independent topics. There are no prerequisites to understand this
module.

11.2

EXPERIMENTS

11.2.1 Deterministic Experiments
A deterministic scenario is the one where all the data is known beforehand. Take for example,
predicting the amount of money in your bank account. For this experiment, all you need to know is
the initial deposit and rate of interest and the amount can be easily calculated. There is no uncertainty
or deviation from expected result in this case. It simply means that the same amount of money would
be obtained by repeating the experiment again and again. One more example can make it clearer.
Suppose you want to calculate your internal assessment marks in the course of statistics. If the marks
of project, presentation, attendance benefit etc are all known to you, then you can easily calculate the
total marks without any uncertainty.
The experiments discussed above are the examples of deterministic experiments. These are the
experiments where no element of chance is involved. In other words, probability of the outcome
predicted is 100%.
11.2.2 Non Deterministic Experiments
On the other hand, the experiments where the element of chance is involved are probabilistic or nondeterministic experiments.
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Mathematical probability is a branch of mathematical analysis that has developed around the
problem of assigning numerical measurement to the abstract concept of likelihood.
M. Munroe
Probabilistic estimate comes up when the likelihood of something happening is known, but when it
will happen is not known. For example, rolling a die and noting the outcome is a non-deterministic
experiment. All the numbers of a die have 1/6 chance each to be selected but which number will
come up on the first roll is not known. Thus, it is an experiment where the outcome ca n't be predicted
with 100% probability.
A probabilistic experiment is any process, real or hypothetical, where the outcome is uncertain but the
possible outcomes can be identified ahead of time. The depth of this definition allows us to call any
imaginable process an experiment whether or not its outcome will ever be known. Any activity or
procedure from our daily life or even hypothetical that may give rise to a well-defined set of outcomes is
called an experiment.
In the next few modules, we will do a lot of exercises of flipping a coin, rolling a die, playing card
games etc. These standard examples are used in probability because of their uncertain character.
Examples of non-deterministic experiments
1. The time taken to reach college is non-deterministic because of the unknown factors like
traffic, flat tyre, starting up late in the morning etc.
2. The number of patients arriving at a trauma clinic also varies daily and thus, it is nondeterministic.
3. Letters in a mail box in a month.
4. Telephone calls arriving at an exchange between 2pm to 5pm daily.
5. Number of cars arriving at a toll booth is also probabilistic.
The list is endless and practical probability is inescapable in our real life.

11.3

SAMPLE SPACE AND EVENTS

11.3.1 Sample Space

As discussed in the previous section, the outcome of a probabilistic experiment is not known with
certainty but the possible set of outcomes is very well known. This set of all possible outcomes of an
experiment is known as the sample space of the experiment and is denoted by S.
The sample space of an experiment can be thought of as a set, or collection, of all the possible
outcomes of the experiment and each of the outcomes in S could be understood as an element of the
set, s.
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Examples of sample spaces
Following are the examples of sample space and their respective elements.
1. If the outcome of an experiment is to determine the sex of a newborn child, then the
sample space would consists of two elements, boy (B) and girl (G).
S = {B,G}
2. If the experiment is to roll a loaded die such that likelihood of getting an even number is
twice that of an odd number, then the sample space would include all the numbers of the
die, but every element of S is not equally likely.
S = {1,2,3,4,5,6}
3. An experiment consists of flipping two coins. The sample space would include following
cases
S = {TT, HT, TH, HH}
The outcome TT refers to tails on both the coins. If the first coin is heads and second is tails,
then the outcome is (HT) and if the first outcome is tails and second is heads, then it is (TH).
The last possible outcome is head on both the coins (HH).
4. If two dice are rolled simultaneously and all the possible outcomes are noted, then the
sample space becomes following
S= {(i,j): i, j = 1, 2, 3, 4, 5, 6}

In this case, `i' refers to the outcome on the first die and T is the outcome on the second
die. The number of outcomes will be 36 and they are tabled below
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5. Consider the experiment of flipping 5 coins and noting the number of heads. The sample
space is as such
S = {0, 1, 2, 3, 4, 5}
The sample space should consist of the exhaustive list of outcomes, such that no larger
sample space can be more informative. In certain experiments, some of the outcomes may
be implausible, but you have little to lose by choosing a large enough sample space.
6. Suppose the experiment consists of counting the number of telephone calls arriving in an
exchange in an hour. In this the sample space will not be finite.
S = {0, 1, 2, 3 ............ -}
Evidently, only a finite number of calls are possible in a specific time frame, but any cutoff number would be arbitrary, and might be too small.
7. Consider an experiment of testing an infinite lot of batteries to have a prescribed limit of
voltage. If the battery has required units of voltage it is considered as a success (S) and
the experiment stops there. However, if the battery fails (F) the voltage limit then
another battery is tested out of the lot and the testing continues till a battery with correct
voltage is obtained.
S = {S, FS, FFS, FFFS.....}
This sample space has infinite elements. First outcome depicts that success is obtained
on the very first trial. However, third element in S implies that first two battery failed
and the third one was successful.
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11.3.2 Concept of an Event
Consider the following experiments and the respective set of outcomes to understand the
meaning of an event
 In an experiment in which a coin is tossed 10 times, the experimenter wants to look
at the outcomes in which at least four tails are obtained.
 In an experiment of inspecting 100 projectors, the experimenter wants to look
at the outcomes of finding more than 4 projectors defective.
 In an experiment where the class strength is observed for the course statistics for 90
days, an experimenter wants to look at the outcomes (days) when more than 60% of
students come to the class.
In the above examples, the word "outcome" should be understood as an event. It includes
those outcomes which are to be studied by the experiments.
An event is any subset of a sample space. In other words, it includes well-defined set of
possible outcomes of an experiment. Conventionally, events are denoted by upper case
letters like A, B, C... without any suffix, superfixes or other adornments. We would say that
event A has occurred if the outcome of the experiment is one of the elements in A.

Figure 11.1
In the above figure, the rectangle represents all the possible outcomes of a non-deterministic
experiment. In other words, it is the sample space. However, the circle labeled A consists of
the possible outcomes under event A. It is the subset of sample space.
Examples of Events
The examples of sample spaces discussed in the previous section are revisited here one by
one to
understand the meaning of an event.
1.

In the experiment of determining the gender of the newborn child, if the event A is
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the birth of a girl child, then
A = {G}

2.

It is a subset of the sample space, S = {B, G}.
In the experiment of a roll of single die, if the event B is obtaining an even number,
then B = {2, 4, 6}
The sample space of the roll of die consists of all the numbers from 1 to 6. If an
even number comes up in the roll of a die, then we say that event B has occurred.

3.

If two coins are flipped together and E is the event that a tail appears on the first
coin, then
E = {(T, T), (T, H)}
Out of the total four cases in the sample space, two are included in the set of event E.

4. Consider the experiment of simultaneously rolling two dice. This experiment has 36
possible outcomes. In other words, the sample space has 36 elements. Now, consider the
following events pertaining to this experiment
a. Let A represents an event such that sum of two numbers appearing on the dice is
greater than 10
A = {(5, 6), (6, 5), (6, 6)}
Out of the 36 possible outcomes, only three cases are such where the sum of two
numbers is greater than 10. If any of these three outcomes comes up in the roll of
dice, then we can say that event A has occurred.
b. Let B represents an event such that number on the first die is greater than the
number on the second die. The event will include the following outcomes
B = {(2, 1), (3, 1), (3, 2), (4, 1), (4, 2), (4, 3), (5, 1), (5, 2), (5, 3), (5, 4), (6, 1), (6,
2), (6, 3), (6, 4), (6, 5)}
There are 15 possible cases out of 36 which pertain to event B. If any of these
cases comes up in the roll of die, we can say that event B has occurred.
c. Let C is the event that the sum of the dice equals 8, then C s
{(2, 6), (3, 5), (4, 4), (5, 3), (6, 2)}
d. Suppose we are interested in the event E that the first die is even and second
die is odd.
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E = {(i, j): i  {2, 4, 6} and j  {1, 3, 5}

5.

Or E = {(2, 1), (2, 3), (2, 5), (4, 1), (4, 3), (4, 5), (6, 1), (6, 3), (6, 5)}
In the experiment of flipping 5 coins, let A be the event that heads comes up in
majority of cases
A = {3, 4, 5}

If the head is to appear in majority of the tosses, then it should come up equal to or
more than three times in five tosses.
6. Suppose we are looking at the number of telephone calls arriving at an exchange in
an hour. The sample space will have infinite outcomes as discussed in the previous
section.
Let event B be such that less than 10 calls comes in an hour, then
B = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}
It can be seen that though the sample space has infinite outcomes but the event B has
finite outcomes as the event has been well-defined to include just the cases when the
calls
are less than 10.
7. In the experiment of testing the batteries for success (look up at example 7 of sample
space in the previous section), if event A is defined as testing at most 4 batteries, then
A = {S, FS, FFS, FFFS}
Here, include the cases where 1, 2 , 3 or 4 batteries are tested. There are possible
outcomes for the same.
Simple and Compound Events
An event of an experiment is simple or elementary if it cannot be decomposed any further.
For example, getting 6 on a roll of a die is denoted as event, E = {6}. On the other hand, if an
event canbe decomposed in simple events or is formed by the combination of simple events
then it is called a compound event. For example, getting an even number in the roll of a die is
denoted by event, B = {2, 4, 6}. Here, event B consists of three simple events.
11.3.3 Types of events
1. Certain Event/ Sure Event: If the defined event is such that it contains every element
of the sample space, S, then the event is called the certain event or the sure event. It
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is an event which will surely happen in the outcome of an experiment. Take for
example, the experiment of rolling a die and the event A is defined to be obtaining a
number greater than 0. Now, in this case, sample space contains numbers 1, 2, 3, 4,
5, and 6 and the event is defined as
A = {1, 2, 3, 4, 5, 6}
as all the numbers are greater than 0. It implies that in a roll of die, event A is
bound to occur, therefore, it is a certain/ sure event.
2. Null event/ Impossible event: If the defined event has no element in it, then it is
called a null event and is denoted by 0. It is called an impossible event as this event
has no element and it can't occur. For example, consider an event of getting a
number greater than 6 in a roll of a die. This is a null event as the numbers on the die
do not exceed 6.

Set Operations on Events
If A and B are events, then
1. A U B is the event "either A or B or both." A U B is called the union of events A and
B
2. A  B is the event that "both A and B are occurring together" and it is called A
intersection B.
3. A' is the event "not A". It includes those elements from the sample space which are
not included in the event A. A' is called complement of A. A' = S - A

3. Mutually Exclusive Events: If occurrence of event A rules out the occurrence of
another event B, then events A and B are said to be mutually exclusive events. In
other words, it means only one of the two events can occur at a time.
Example 1: Let event A be getting an even number in the roll of a die and event B
is getting an odd number.
A= {2, 4, 6} and B = {1, 3, 5}
These two events are mutually exclusive as only one of the two can occur at a time. It
is not possible to get an even as well as an odd number on a roll of a single die!
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Figure 11.2
In figure 11.2 above, the two events A and B don't have any elements in common. Both
belong to the same sample space but are mutually exclusive events as occurrence of A
does rule out the occurrence of B. Mutually exclusive events are also called disjoint
events. These outcomes have nothing in common, therefore, A  B =  .
Example 2: Let event A refers to the multiples of 5 and event B consists of multiples of 6
A = {5, 10, 15, 20, 25, 30, 35, 40........ }
B = {6, 12, 18, 24, 30, 36, 42 .............. }
In the above example, number 30 appears in both the events A and B and thus, they are
not mutually exclusive. They are overlapping events as is evident in the figure below.
The intersection of events A and B is not 0, therefore, these are not mutually exclusive
events.

Figure 11.3
4. Independent Events: In the case of independent events, the outcome of an event does not
affect the outcome of another event. For example, if a coin is tossed two times, then the
result of the second toss is completely unaffected by the result of first toss. It means that
the two tosses are independent.
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11.4

APPROACHES TO PROBABILITY

11.4.1 Probability of an event
Having understood the concept of experiments, sample space and events, we can define probability
as a precise numerical measure of the likelihood of an event. The probability of event A would be
denoted by P(A) which is a number, called the probability of the event A. Take for example, an
experiment of testing a battery to have voltage within prescribed limits. If the battery has required
voltage, it is said that event S (success) has occurred and if the required voltage is not met that event
F(failure) has occurred. Therefore, the sample space is
S = {F, S}
The probability assignment implies finding the numerical measure for P(F) and P(S). The concept of
probability can be understood from three approaches: classical, relative frequency and axiomatic.
Each of the approaches is discussed in detail below.
Classical Approach to Probability
This approach says that if an event A occurs in m different ways out of the total number of n
possible ways of a random experiment, where every outcome has the same chance of occurrence and
are mutually exclusive, then the probability of the event is min. In other words, the probability of
event A occurring can be written as
P(A) = (Favorable number of cases to A/ Total number of cases)
Take for example, in a toss of a coin, the two possible outcomes are heads (H) and tails (T) and
both are equally likely (given that the coin is unbiased/ fair i.e. not loaded in any way) and are
mutually exclusive (as turning up of heads rules out the occurrence of tails).
S = {H, T}.
The total number of outcomes (as can be seen from the sample space) is two. So, in the event of
heads, one outcome is favorable out of the two, thus, P(H) = Y2. Similarly, P(T) = 1/2..
Consider some more examples
1. In the roll of a die, there are 6 possible mutually exclusive and equally likely outcomes
and each outcome (face of a die) occurs with probability 1/6.
2. In the deck of cards, picking an ace has probability 4/52 as there are 4 aces out of the 52
total cards.
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3. If a vehicle taking a freeway can turn left (L), right (R) or go straight (S), then the sample
space has three possible outcomes which are equally likely and mutually exclusive. In this
case, classical approach says that the probability of car turning in a specific direction is 1/3
for each direction.
The classical approach has limited applications as it deals with the experiments where the
outcomes are equally likely. Moreover, classical approach requires the total possible outcomes of
an experiment to be a finite number. We have seen that some sample spaces may have infinite
number of outcomes and in those cases, the classical approach fails to provide a measure of
probability.
Relative Frequency Approach to Probability
This interpretation is based on the notion of relative frequencies. If an experiment is repeated n
number of times, where n is very large, and an event A is observed to occur 'in' times out of total,
then the probability of event A is defined as m/n. This is also called empirical approach to
probability. The ratio m/n is the relative frequency of occurrence of A in the sequence of n
replications of experiment. Let's take up an example to understand the approach.
Consider an example where event A is that a student reaches in the class on time. Suppose the
experiment is done 50 times and the student arrives on time in 20 classes, then the relative
frequency approach suggests that the probability of student reaching on time is 20/50, i.e. 0.4.
This relative frequency fluctuates substantially over the course of repeating the experiment and
thus, the experiment is to be repeated a large number of times to get a limiting value (stabilized
value).
Consider the example of tossing a coin. If a coin is tossed 100 times and the heads occurs 53 times,
then P(H) = 0.53. Now, if the same experiment is repeated 1000 times and heads turns up on 509
times, then P(H) = 0.509. With increase in the number of trials, the probability converges
(stabilizes) to the value of 0.5.
As the relative frequency approach of probability is based on the notion of limiting frequency, its
application is limited only to the experiments which can be repeated a large number of times.
Consider the case when we want to find out the probability of obtaining a contract. Now, this
experiment can't be repeated again and again as the award of the contract is a one-time event and
therefore, relative frequency approach fails to provide a numerical measure of getting the contract.
Moreover, relative frequency approach lacks on the ground that it requires a large number of trials.
This is vague, time and cost consuming.
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Axiomatic Approach to Probability
Because of the difficulties attached to the classical and relative frequency approaches to
probability, statisticians usually refer to the axiomatic approach to probability. In this approach, the
probability of an event is required to satisfy certain axioms (basic properties) to be an appropriate
measure of likelihood of the event.
An event A occurs with probability P(A), if the following axioms are satisfied.
1. P(A)  0, the probability of an event should be a non-negative number.
2. P(S) = 1. This axiom implies that for a certain event, the probability is 1. Here, S includes
the whole sample space and the maximum possible probability to be assigned for S to
occur is 1.
3. If A1, A2, A3, ...... is a sequence of infinite mutually exclusive events, then
P(A1, U A2 U A3 U....) = P(A1) + P(A2) + P(A3) + ......
This axiom holds true for the finite sequence of mutually exclusive events also. This
axiom states that for any set of mutually exclusive events the probability that at least one
of them will occur is equal to the sum of their respective probabilities.
Definition: Probability, on a sample space S, is a specification of numerical value P(A) for all
events A that satisfy the axioms 1, 2 and 3.
From the definition of axiomatic approach involving these three axioms, we can derive a bunch of
properties which will help in assigning probability.
P1. If event Al is a subset of event A2, then P(A1)  P(A2)
P2. For every event A, 0  P(A)  1. It means that the probability of any event lies between 0 and 1. If the
event is a sure event, the probability of its occurrence will be 1 (100%) and if it is a null event then the
probability will be 0, P( ) = 0.
P3. If A' is the complement of event A, then P(A') = 1- P(A). This holds true as A and A' together
constitute the entire sample space which has probability 1.
P4. If A = Al U A2 U A3, where A1, Az, A3 are mutually exclusive events and A = S,
then P(A1) + P(A2) + P(A3) = 1
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P5. For every two events A1 and A2,
P(A  B') = P(A) — P(A  B)

The axiomatic approach to probability is better than the classical and relative frequency approach
as it subsumes their drawbacks. This approach implies to choose nonnegative numbers between 0
and 1 to assign probabilities which satisfy the axioms and properties. In particular, the classical
approach to probability is used for the simple events which are equally likely.
Example 1: If a balanced die is rolled, then all the sides are equally likely to appear and in this case
P({1}) = P({2}) = P({3}) = P({4}) = P({5}) = P({6}) = 1/6. The total number of cases is 6.

The probability 1/6 satisfies axiom 1 as it is a non-negative number. The probability of all the
events occurring is
P(S) = P({1}) + P({2}) + P({3}) + P({4}) + P({5}) + P({6}) = 1
Thus, axiom 2 is satisfied. Now consider events A and B, such that A implies getting an even
number and B is getting an odd number. Both are mutually exclusive and equally likely.
P(A) = P({2, 4, 6}) = P({2}) + P({4}) + P({6})

=1

according to Axiom 3

2

Similarly, P(B) = 1 . This implies that there is 50% chance of getting an even number and

2

50% chance of getting an odd number.
Example 2: Events are not equally likely. Consider the experiment of choosing a student in a class

of 50 students, where 20 are girls (G) and 30 are boys (B). Here the sample space of the event is
{G, B}, but both the outcomes are not equally likely. A boy would be selected with the probability
0.6 (30/50) and a girl would be selected with probability 0.4 (20/50). Here, the probabilities are
assigned as the ratio of favorable cases out of total cases of an experiment. The axioms of
probability are satisfied.
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11.5 SUMMARY
 Deterministic experiments are the ones where no uncertainty is involved.
 The experiments where the element of chance is involved are probabilistic or nondeterministic experiments.
 The sample space of an experiment can be thought of as a set, or collection, of all the
possible outcomes of the experiment and each of the outcomes in S could be understood as
an element of the set, s.
 An event includes well-defined set of possible outcomes of an experiment.
 An event of an experiment is simple if it cannot be decomposed any further. On the other
hand, if an event can be decomposed in simple events or is formed by the combination of
simple events then it is called a compound event.
 If occurrence of event A rules out the occurrence of another event B, then events A and B
are said to be mutually exclusive events.
 In the case of independent events, the outcome of an event does not affect the outcome of
another event.
 There are three approaches to understand probability; classical, relative frequency and
axiomatic approach.
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12.0

OBJECTIVES

After studying this module, you will be able to
 State and use the addition law of probability
 Understand the concept of joint and conditional probability
 Understand the term Independent Events, multiplication rule and the relation
between them.
 State Bayes Theorem and use its application.
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12.1

INTRODUCTION

Probability is used in almost every field of work but what happens if some conditions are
applied during the course of that work or we have to deal with more than one factor at a
time. This is where Conditional Probability, Bayes Theorem and Joint Probability comes
in use.
Basically, this module focuses on the concept and applications of conditional probability,
bayes theorem and joint probability. Through this module, with the help of examples and
figures we try to relate these topics with the real world scenario.
While studying these topics you will also get to know the following basic concepts of
probability:







12.2

Addition Rules of Probability
Multiplication Rules of Probability
Mutually Exclusive Events
Mutually Exhaustive Events
Events With and Without Replacement
Independent Events
Conditional probability
ADDITION RULE

12.2.1 Addition Rules of Probability
Addition Rule in probability is a method of finding the probability of either or both of the
two events occurring at the same time. Let A and B be two events in the sample space S.
 A U B denotes the event that either A or B (or both) occur when the
experiment is performed.
 A ∩ B denotes the event that both A and B have occurred.

Thus in the set-theoretic notation the union of the events A and B is written as A U B, and
the intersection or product of the two events A and B is written as A ∩ B.
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Mutually Exclusive Events
If two events A and B are mutually exclusive then according to addition rule the
probability that A or B will occur is the sum of each event, because two mutually
exclusive events are disjoint events and the occurrence of one precludes the occurrence
of the other. Hence (A∩B) = Ø (null set), which implies P (A∩B) =0.In a Venn diagram,
two mutually exclusive events A and B may be represented as two non-intersecting
circles, as shown in fig 12.1

P(AUB) = P(A)+P(B)

12.1

Fig. 12.1 Mutually Exclusive event
In the fig 12.1, the two events A and B are disjoints and hence according to addition rule
the probability of occurrence of either event is the sum of each individual probability.
Theorem 12.1 is also the additive property of probability postulated by the third axiom of
probability. This additive law holds generally for any number of events. Thus, given n
mutually exclusive events Al, A2, A3, ........,An we have
P(A1) + P(A2) + P(A3) + …..+P( An) = P(S) = 1

Suppose further the given n mutually exclusive events Al, A2, A3, ................. ,An is also an
exhaustive set, i.e. it covers the entire sample space S, then
P(A1) + P(A2) + P(A3) + .....+P( An) = P(S) = 1
Example 1.A card is drawn at random from a deck of 52 playing cards. Find the probability
that the card drawn is either a king or a queen.
Solution. Let A be the event that the card drawn is king and B be the event that the card
drawn is queen. Therefore P(A) = 4/52 , P(B)) = 4/52 , P(AnB) = 0, since a card which is a
queen cannot be a king.
P(AUB) = P(A) + P(B) = 4/52 + 4/52 = 8/52 = 2/13 .
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Non-Mutually Exclusive Events
If two events A and B are not mutually exclusive then the probability that A or B will occur
is equal to the sum of probabilities of each event minus the probability that both events occur
together. Events are not mutually exclusive if they both can occur at the same time, that is, A
and B overlap.
In fig 12.2, we have
P(AUB) = [P(A) -P(A∩B)] + [P(A∩B) ]+ [P(B) — P(A∩B)]. Therefore,
P(AUB) = P(A) + P(B) — P(A∩B)
Events A&B are not mutually exclusive

P(AUB) = P(A)+P(B) - P(A∩B) 12.2

Fig 12.2- Non- Mutually Exclusive events
The reason we subtract the joint probability when the two events are not mutually exclusive
is to avoid the problem of double counting. In fig 12.2, the union of A and B is represented
by the combined area A not B, A and B, B not A. The residual area, then represents the
event 'neither A nor B' (or `not-A and not-B'). By the theorem of complementary events.
P(AUB) = 1 - P(A or B)
Example.A card is drawn at random from a deck of 52 playing cards. Find the
probability that the card drawn is either a king or a spade.
Solution.Let A be the event that the card drawn is king and B be the event that the card
drawn is a spade. Therefore P(A) = 4/52 , P(B)) = 13/52 , P(A∩B) = 1/52, since a card
which king is a and a spade is 1.
P(AUB) = P(A) + P(B) — P(A∩B) = 4/52 + 13/52- 1/52 = 16/52 = 4/13
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12.3

JOINT AND CONDITIONAL PROBABILITY

12.3.1 Joint probability
Joint probability is a probability describing the probabilities of occurrence two or more
random events simultaneously. It is the probability of the intersection of two or more events.
The probability of the intersection of A and B may be written P(A ∩ B). In particular if we
have only two random variables, then it is known as bivariate probability. Example: Find the
probability that a card is a four and black
Solution : P(four and black) = 2/52=1/26. ( Since there are 2 black fours in a deck of 52,
the 4 of clubs and the 4 of spades)
Note: Joint probability cannot occur by happening of a single event, but by the
occurrence of atleast two events simultaneously.
12.3.2 Conditional Probability

Conditional Probability of an event is its probability of occurring, given that another event
has already occurred. If A and B are events in sample space S, then the conditional
probability of A occurring given B has already occurred is denoted by
P(A/B) = P(A∩B )for P(B) ≠0
P(B)

12.3

Similarly, the conditional probability of B occurring given A has already occurred is
denoted by
P(B/A) = P(A∩B)

for P(A) ≠ 0

12.4

P(A)

From the above theorems 12.3 and 12.4 it follows directly that,
P(A∩B) = P(A/B).P(B) = P(B/A).P(A)

12.5

Theorem 3.5states the basic rule of probability multiplication. According to this theorem, the
probability of any two events A and B occurring jointly (P(A∩B)) is found by multiplying
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the probability of one of the events by the probability of the other, given the condition that
the first event has occurred or will occur. When the occurrence of one event is conditional
upon the occurrence of another event, the events are said to be dependent events.
Example. Food Plaza issued food vouchers to its regular 2000 customers. Of these
customers, 1500 hold breakfast vouchers, 500 hold dinner vouchers and 40 hold both
breakfast and dinner vouchers. Find the probability that a customer chosen at random holds a
breakfast voucher given that the customer holds a dinner voucher.
Solution. Let B be the event of customer holding breakfast vouchers and D be the event of
holding dinner vouchers. Therefore P(B) = 1500/2000 , P(D) = 500/2000 and P(B∩D) =
40/2000.
Therefore probability of customer holding breakfast voucher given that the customer holding
a dinner voucher is P(B/D) = P(BnD) / P(D) = 40/2000 / 500/2000 = 2/25
In the above example of the Conditional Probability, the sample sizes of the experiment are
reduced to D, and hence the probability of B is not unconditional but conditional on given D.
Example : Find the probability of getting a sum of nine when two die are rolled , given when
one of the die has atleast one three.
Solution : The total sample space consists of 36 possible outcomes by rolling two die which
are
(1,1) (1,2) (1,3 ) (1,4) (1,5) (1,6)
(2,1) (2,2) (2,3) (2,4) (2,5) (2,6)
(3,1) (3,2) (3,3) (3,4) (3,5) (3,6)
(4,1) (4,2) (4,3) (4,4) (4,5) (4,6)
(5,1) (5,2) (5,3) (5,4) (5,5) (5,6)
(6,1) (6,2) (6,3) (6,4) (6,5) (6,6)

The probability of each outcome is 1/36 since all outcomes have equal probabilities.
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Let A be the event of getting a sum of nine. Therefore the possible outcomes are (3,6) (4,5)
(5,4) (6,3). Hence P(A) = 4/36. Let B be that atleast one die is three. Therefore the total
outcomes are (1,3) (2,3) (3,3) (4,3) (5,3) (6,3) (3,1) (3,2) (3,4) (3,5) (3,6). Hence P(B) =
11/36. Thus, P(A∩B) = 2/36
(A/B) = P(A∩B)/P(B) = 2/36 / 11/36 = 2/11
In other words, the assumption that one of the faces of a die is a three reduces the total
possible outcomes to 11 of which only two outcomes (3,6) (6,3) are favourable to A. Since
all 11 outcomes have equal probabilities, the probability of A under the assumption that B
took place is 2/11.
Also, in the above example P(A/B) P(A) and thus A and B are not independent events. In
general this may or may not be true.
Tree Diagrams

Tree diagram is a pictorial way of solving conditional events. The following illustration will
explain this method:

Example. A box contains 3 blue and 2 yellow balls. Two balls are drawn at random.
Through tree diagram find the probability of

a.

The second ball drawn is blue, given the first is blue.

b.

The second ball drawn is yellow, given the first is blue.

c.

The second ball drawn is yellow, given the first is yellow.

d.

The second ball drawn is yellow, given the first is blue.
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Solution

Figure 12.3: Tree Diagram of Blue and Yellow balls

In the above tree diagram, it is clear that initially
P(Bi) = 3/5
P(Yi) = 2/5
Now if the first ball drawn is blue. So now only 4 balls are left in the box out which two
balls are blue, so the probability that the second ball drawn is also blue = P(B2/Bi) = 2/4.
Similarly,
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P(Y2/Bi) = Probability the second ball drawn is yellow given the first ball drawn is blue
= 2/4
P(Y2/Y1) = Probability the second ball drawn is yellow given the first ball drawn is
yellow= ¼
P(B2/Y1) = Probability the second ball drawn is blue given the first ball drawn is blue
= 3/4
Thus given this tree diagram, branch probabilities are conditional on the previous event.
CONTINGENCY TABLES AND PROBABILITY TABLES
Joint and Conditional probability can also be found out by contingency tables.
Contingency tables and probability tables are useful in calculating the probability of joint
events.
Let's see an example to understand the concept better:
The table below shows the Contingency Table for food restaurant.
The prices of per veg burger, 65 for McDonalds and 55 for KFC
The prices of per non-veg burger, 80 for McDonalds and 95 for KFC.

The above contingency table is converted to Probability Table by dividing each of the
entries in the Table 12.1 by the total, Rs300. The results are seen in Table 12.2
Probability Table for food restaurant
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In this table the Joint Probability for





M and V = p(M ∩V) = 13/60
M and NV=P(M ∩NV) = 16/60
K and V = P(K ∩V) = 11/60
K and NV = P(K ∩NV) = 19/60

To find out the conditional probability, we apply the formula P(A/B) which tells the
probability of event A given B had already occurred, that is the joint probability of A and
B divided by the probability of B. For example,

VENN DIAGRAM AND CONDITIONAL PROBABILITY
Venn diagram is also useful in calculating conditional probability.
In fig 12.4 , let , A, Bl, B2, B3 be four events in sample space S. The entire big circle is the
event A. Also, as we can see B1 is a complete subset of A and a part of B2 = b21 is with in
A.
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Figure 12.4

Thus the conditional probability of A for given B1, B2 and B3 events are as follows
P(A/Bi) = P(A∩Bi)/P(Bi) = bi/bi = 1
P(A/B2) = P(A∩B2)/P(B2) = b21 / b21 + b22
P(A/b3) = P(A∩B3)/P(B3) = 0/b3 = 0.
Thus, we can see that as the condition of given events changes, the probability of event A
also changes.

12.4

INDEPENDENT EVENTS

Two events, A and B, are independent if occurrence of A does not affect the probability
of B occurring or vice versa.
Symbolically, two events A and Bare independent in a sample space S, if and only if,
P(A∩B) = P(A)P(B)

12.6
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Hence, when the events are independent, to find their joint probability, multiply the
probabilities of each event occurring separately. This is multiplication Rule 2.
Thus A is independent of B if and only if P(A/B) = P(A) and hence, the conditional
probability of A given B has occurred[ P(A/B) ] reduces to P(A) and vice versa.

Example: A box contains 5 red, 4 green, 7 blue and 2 yellow marble. A marble is chosen at
random from the jar. After replacing it, a second marble is chosen.
What is the probability of choosing a red and then a yellow marble?
Solution: Let A be the event of choosing a red ball and B be the event of choosing a
yellow ball.
Therefore, P(A) = 5/18 and P(B) = 2/18
Since A and B are independent events, their joint probability is the product of
their individual probabilities, that is,
P(A∩B) = P(A).P(B)
(5/18)* (2/18)
=5/162
The above experiment involved two independent events that occurred in sequence. There was
replacement of the first item before choosing the second item; this replacement was needed in
order to make the two events independent. Multiplication Rule 2 can be extended to work for
three or more independent events that occur in sequence.


Two or more than two events are independent if replacement is done after each
event.

 If replacement is not done then the happening of next events becomes
conditional on previous events.
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12.6

BAYES THEOREM

Bayes Theorem is used for calculating posterior probability of an event from its given
prior probabilities and conditional probabilities. It describes how the conditional
probability of each of a set of possible event for a given observed outcome can be
computed from knowledge of the probability of each event and the conditional
probability of the outcome of each event.

12.5.1 Bayes Rule
Let Al, A2, ........ , Ak be a collection of k mutually exclusive and exhaustive events with
prior probabilities P(Ai) where i = 1,....,k. Then for any other event B which is known to
occur as a result of the occurrence of one of the events Ai and for P(B) > 0, the posterior
probability of Ai given that B has occurred is

It can be seen as a way of understanding how the probability that a theory its true is
affected by a new piece of evidence. In other words, bayes rule can be applied practically
in those situations in which an event can occur only as a consequence of the occurrence
of one of the several mutually exclusive and exhaustive outcomes..
Example. Let A and B be two bags such that bag A has 2 white and 3 red balls, the bag
B having 4 white and 5 red balls. A ball be selected and its observed to be white. Find
the probability that B is selected.
Solution. Let Ai and A2 be two events.
Al: A is selected
A2: B is selected and P(Ai) =P(A2)= 1/2
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Let event W be the probability that white ball is selected.
P(W/A1) =2/5

P(W/A2)=4/9

P (W) =P(A1).P(W/A1) +P(A2).P(W/A2)
= (1/2). (2/5) + (1/2) (4/9)
=38/90
𝑃(A2/W) =

𝑃 𝐴2 . 𝑃(𝐴2 𝑊)
𝑃(𝑊)

= (1/2). (4/9)
(38/90)
=10/19
Thus, the probability that bag B is selected given it's a white ball is 10/19

12.5

SUMMARY

 Joint Probability is the probability of occurrence of two or more events.
 Addition Rule - Probability of happening of either of any events.
 When two events, A and B, are mutually exclusive, the probability that A or B
will occur is the sum of the probability of each event.
 When the two events are not mutually exclusive then the probability that they will
occur is equal to the sum of probabilities of each event minus the probability that
both events occur together.
 Multiplication Rule states that when two events, A and B, are independent, the
probability of both occurring together is: P(A and B) = P(A) • P(B). In case of
dependent events, the probability of any two events A and B occurring jointly
(P(A∩B)) is found by multiplying the probability of one of the events by the
probability of the other, given the condition that the first event has occurred or
will occur.
 Conditional Probability of an event is its probability of occurring, given that
another event has already occurred. When the occurrence of one event is
conditional upon the occurrence of another event, the events are said to be
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dependent events.
 Bayes Theorem is used to explain any additional new event. It can be applied
practically in those situations in which an event can occur only as a
consequence of the occurrence of one of the several mutually exclusive and
exhaustive outcomes.
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13.0 OBJECTIVES
16.0
After going through this unit you should be able to:
explain the concepts of population, sample, parameter, statistic, estimator and
, estimate;
distinguish between a census and a sample survey;
explain the advantages of a sample survey;
distinguish between sampling error and non-sampling mr,
. 'explain the concept of sampling distribution; and
explain the concept of standard error.
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Sampling Theory and
S u r v e y Techniques

13.1
1 6 1 INTRODUCTION
We need data for the construction of national income accounts, input-output tables,
various production indices, price indices and a host of other quantitative indicators.
It is very clear that without the relevant data, we will not be able to formulate policy
objectives for a complex economy like ours. In a sense, modem society is
increasinglybecoming an information society. In this society, various economic and
social prkesses are represented by certain quantitative characteristics that require
various kinds of information in the form of data.
The task oficollecting data is getting increasingly complex and difficult. The total
numberof units to be consulted and investigated for the required information may
be too large and our resources in terms of money, time or personnel may be limited
Moreover, obtaining error-he information from such a large-scale investigation
makes the job even more daunting. As a result, very often we try to obtain the
required information fkom a smaller group that is easier to handle and control.Here,
however, it is important to ensure that this smaller group is truly representative of
the entire c )llection of relevant units. The subject matter of sampling provides a
mathematical theory for obtaining such kind of a representative group.

13.2
16.2 CENSUS AND SAMPLE SURVEY
In this Section, we will distinguish between the census and sampling methods of
collecting data. We will try to explain the meaning and covemge of census survey
and sample survey.
13.2.1
16.2.1 Population and Census

We have a collection of units relevant for a particular enquiry. A unit, in this
connection, is an entity on which we can make observations according to a welldefined procedure. The entire collection of such units is called apopulation or
universe. Thus,we may have a population of human beings, cattle, trees, prices,
production, etc.
You can make out that a population can be finite or infinite. If the number of units
is finite, it is a finite population and if the number of units is infinite, it is an example
of an infinite population. Usually in practice, we are concerned with a finite
population.
When an inquiry is based upon obtaining information from all the units of a
pdpulation, the procedure is known as the complete enumeration method or the
census method.
13.2.2
16.2.2 Sample and Sample Suwey
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When we have a collection of a part or section of the population, it is called a
sample. A census, as we have seen earlier, is based upon obtaining information
h m every member of the population. However, in order to obtain information
about certain characteristic of the population, we need not always resort to a census.
In practice, we get quite satisfactory results by studying an appropriate sample
from the population. The procedure of obtaining a sample is known as sample
survey. In the case.of a census, we examine the entire population; on the other
hand, when we take a sample, we consider a representative fraction of the
nnniilatinn and iicp the camnl~
infnrmatinn tn infer ahniit t h entire
~
nnniilatinn

16.3 SOME CONCEPTS
13.3

Basic Concepts of
Sampling

We explain below some of the concepts frequently used in sampling theory.

13.3.1
16.3.1 Parameter
In a statiitical inquiry, our interest lies in one or more characteristics of the
population. A measure of such a characteristic is called aparameter. For example,
we may be interested in the mean income of the people of some region for a
particular year. We may also like to know the standard deviation of these incomes
of the people. Here, both mean and standard deviation are parameters.
Parameters are conventioilally denoted by Greek alphabets. For example, the
population mean can be denoted by p and population standard deviation can be
i

denoted by o .
It is important to note that the value of a parameter is computed from all the
populatioil observations. Thus, the parameter 'mean income' is calculated from
all the income figures of different individuals that constitute the population. Similarly,
for the calculation of the parameter 'correlation coefficient of heights and weights',
we require the values of all the pairs of heights and weights in a population. Thus,
we can define a parameter as afitnction of the population values. If 8 is a
parameter that we want to obtain from the population values XI,X, , .X, ,then

13.3.2
16.3.2 Statistic
While discussing the census and the sample survey, we have seen that due to various
constraints, sometimes it is difficult to obtain information about the whole population
In other words, it may not be always possible to compute a population parameter.
In such situations, we try to get some idea about the parameter fiom the information
obtained from a sample drawn fiom the population. This sample information is
sumrnarised in the form of a stati.vtic. For example, sample mean or sample median
or sample mode is called a statistic. Thus, a statistic is calculated fiom the values
of the units that are included in the sample. So, a statistic can be defined as
u function of the sample values. Conventionally, a setistic is denoted by an
English alphabet. For example, the sample mean may be denoted by 2 and the
sample standard deviation may be denoted by s. If T is a statistic that we want
to obtain from the sample values x, ,x, ,. xn,then

13.3.3
16.3.3 Estimator and Estimate
The basic purpose of a statistic is to estimate some population parameter. The
procedure followed or the formula used to compute a statistic is called an estimutor
and the value of a statistic so computed is known as an estimate. .
If we use the formula Z =

XI

+x2

+ . a * +

n

xn 1 "
-xi for calculating a statistic,then
n i=l

this formula is an estimator. Next, if we use this formula and get
' 10' is an estimate.

jj

= 10, @en this
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13.4 NON-SAMPLING AND SAMPLING ERRORS
16.4

Sampling Theory and
SU-rrry Techniques

As mentioned above the basic purpose of sampling is to draw inferences about
the population on the basis of the sample. For example, we have to find out the
per capita income of a village. Due to shortage of time, money and personnel
we do not undertake a complete census and opt for a sample survey. In this case
it is very likely that the per capita income obtained fiom the sample is not equal
to the actual per capita income of the village. This discrepancy could arise because
of two reasons:
i)

Since we are collecting data fiom only a part of the population (i.e., the sample
selected by us), sample mean (per capita income in this case) is not equal
to population mean. If at all both are equal; it is a rare coincidence! If we
take sample mean as population mean we are committing an error called
sampling enor.

ni A second source of error could arise because of wrong reporting or recording
or tabulation or processing of data. This type of error is termed non-sampling
error. Remember that non-sampling error, as its name suggests, has nothing
to do with our sampling process. Wrong reporting or recording or processing
of data can take place in a sample survey also.

We explain the sources of these errors below.

16.4.1 Non-Sampling Error
13.4.1
Various sources of non-sampling error are given below:
1) Error due to measurement

.

It is a well-known fact that precise measurement of any magnitude is not possible.
If some individuals, for example, are asked to measure the length of a particular
piece of cloth independently up to, say, two decimal points; we can be quite sure
that their answers will not be the same. In kt,the measuring instrument itself may
not have the same degree of accuracy.
In the context of sampling the respondents of an inquiry, for example, may not
be able to provide the accurate data about their incomes. This may not be a
problem with individuals earning fixed incomes in the form of wages and salaries.
However, self-employed persons may not be able to do so.

2) Error due to non-response
Sometimes the required data are collected by mailing questionnaires to the
respondents. M & I ~of such respondents may return the questionnaires with
incomplete answers or may not return them at all. This kind of an attitude may
be due to:

a) the respondents are too casual to fill up the answers to the questions asked
b) they are not in a position to understand the questions, or
c) they may not like to disclose the information that has been sought.
We should note that the error due to non-response may also arise because of the
possibility of the questionnaire being lost in transit.
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If the data are collected through personal interviews, some of the reasons for the
error due to non-response pointed out above may not arise. However, in that case
this error may arise because some of the individuals:
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14.9
17.9 NON-PROBABILITY SAMPLING PROCEDURES
i

Sampling
Procedure

There are different types of non-probability sampling such as:
1) Convenience Sampling
2) Judgment Sampling

3) Quotasampling
4) Snowball Sampling
We discuss the procedure of drawing a non-probability sampling.below.
14.9.1
17.9.1 Convenience Sampling

This is one of the most commonly used methods of non-probability sampling. In
this method the researcher's convenience forms the basis for selection of the sample.
Especially for a exploratory research there is a pressing need for data. In such
situations the selection of sampling units is left to the interviewer. The population
units are included in the sample simply because they are in the right place at the
right time. This method is often used during preliminary research efforts to get
a gross estimate of the results, without incurring the cost or time required to select
a sample. For example, during the budget session or when the price of a product
is increased or a new government is formed, convenience samples are used by
the researchers/joumalists to reflect public opinion. Convenience samples are
extensively used in marketing research.
The advantage of convenience sampling is that it is less expensive and less timeconsuming. The limitations of convenience sampling are: (a) it involves sample
selection bias, and (b) it does not provide a representative sample of the popul&on
and therefore we cannot generalise the results.
14.9.2
17.9.2 Judgment Sampling

This is another commonly used non-probability samphg procedure. This p d u r e
is often referred to as purposive sampling. In this procedure the researcher selects
the sample based on hisher judgment. The researcher believes that the selected
sample elements are representative of the population. For example, the calculation
of consumer price index is based on judgment sampling. Here the sample consists
of a basket of consumer items and other goods and services which are expected
to reflect a representative sample. The prices of these items a- collected fi-om
selected cities that are viewed as typical cities with demographic profiles matching
the national profile.
The advantage ofjudgment sampling is that it is low cost, convenient and quick.
The disadvantage is that it does not allow direct generalisations to population. The
quality of the sample depends upon the judgment of the researcher.

17.9.3 Quota Sampling
14.9.3
In this procedure the population is divided into groups based on some characteristics
such as gender, age, education, religion, income group, etc. A quota of units h m
each group is determined. The quota may be either proportional or nonproportional. The proportional quota sampling is based on the proportion of each
characteristic in the population so that the proportion in the sample represents the
population proportion. For example, if you know that there are 80% of the
households whose income is below say Rs.100000per annum and 20% households
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have income above Rs.100000 per annum in a city. You want to take a sample
of size 100 households. Then you include 80 households fiom below Rs. 100000
income and 20 households fiom above Rs. 100000 income. The objective here
is to meet the proportional quota of sampling from each characteristic in the
population.
The non-proportional quota sampling is a bit less restrictive. In this procedure,
you specifjl the minimum number of sampled units h m each group. You are not
concerned with having proportions in the population. For instance, in the above
example you may simply interview 50 households h m each income group instead
of 80% d 2 0 % . The interviewer is instructed to fill the quota for each group
based on convenience or judgment. The very purpose of quota sampling is that
various groups in the population are represented to the extent the investigator
desires.
Do not cordbe the quota sampling with stratified sampling that you have learned
earlier. In stratified sampling you select mdom samples h m each stratum or group
whereas in quota sampling the interviewer has a fixed quota. For example, in a
city there are five market centres. A company wants to assess the demand.for
its new product and sends 5 investigators to assess the demand by interviewing
50 prospective customers fiom each market. It is left to the investigator whom
he/she will interview at each market centre. If the product is targeted to women,
this way you cannot elicit the information among various groups of women
customers like housewives or employed women or yowg or old. In this sampling
you are simply fixing a quota for each investigator.
The quota sampling has the advantage over others if the sample meets the
characteristicsof the population that you are looking into. In addition, the cost
and time involved in collecting the data are greatly reduced. However, there are
many disadvantages as well. In quota sampling, the samples are selected according
to the convenience of the investigator instead of selecting random samples.
Therefore, the selected samples may be biased. If there are a large number of
characteristics on the basis of which the quotas are fixed, then it becomes very
difficult to fix the quotas/sub-quotas for each group/sub-group. Also the
invatigatns have the tendency to collect inf~nnation'onl~
hmthose who are wiUmg
to protride information and avoid unwilling respondents.
14.9.4
17.9.4 Snowball Sampling

In snowball sampling, we begin by identifying someone who meets the criteria for
inclusion in ow study. We then ask himher to recommend others who also meets
the criteria. Although this inethod would hardly lead to representative samples,
there are times when it may be the best method available. Snowball sampling is
especially useful when we are trying to reach populations that are inaccessible or
hard to find. For example, if we are studying the homeless, we are not likely to
find good lists of homeless people within a specific geugraphical area. However,
if we go to that area and identifjr one or two, we may find that they know very
well who the other homeless people in their vicinity are and how we can find them.

14.10
17.10 DETERMINING THE SAMPLE SIZE
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The use of appropriate sampling p d u r e is necessary for a representative sample.
However, this condition is not sufficient. In addition to the above, we should

determine the s a m ~ l size.
e
The question of how large a sample should be is a
difficult one. Sample size can be determined by various considerations. The
following are some of the considerations in determining the sample size:
a) Sampling error

S~~mpllng
Procedure

b) Number of comparisons to be made
c) Response rates
d) Funds available
a) Sampling Error: In Unit 16 you have learned that smaller samples have
greater sampling error than large samples. On the other hand, larger samples
have larger non-sampling errors than smaller samples. The sampling error is
a number that describes the precision of an estimate of the sample. It is usually
expressed as a margin of error associated with a statistical level of confidence.
For example, for a prime minister preferential poll you may say that the
incumbent is favored by 65% of votes, with a margin of error (precision) of
plus or minus 5 percentage points at a 95% confidence level. This means
that if the same surveys were conducted with 100 different samples of voters,
95 of the surveys would be expected to show the incumbent favoured by
between 60% and 70% of the voters (65% 5%). Remember as you
increase the precision level of y o p results you need larger sample size.

*

b) Number of Comparisons to Make: Sometimes/we may be interested in
making comparisons of two or more groups (strata) in the sample. For
example, we may want to make the comparison between male and female
respondents or between urban and rural respondents. Or we may want to
compare the results for 4 geographical regions of the country say north, south,
west and east. Then we need an adequate sample size in each region or
stratum of the population. Therefore, the heterogeneity of population
characteristicsplays a significant role in deciding the sample size.
c) Response Rates: In mail surveys, we know that all those questionnaires
mailed to the respondents may not reach us back after filling the questionnaires.
As per the experiences on mail survey, the response rate ranges between 1 W
to 50%. Then, if you are expecting a 20% response rate, for example, you
will have to mail 5 times the number of sample size required.
d) Funds Available: The funds available may influence the sample size. If the
funds available for the study are limited then you may not be able to spend
more than a certain amount of the total money available with you on collecting
the data.
It is even more difficult to decide the sample size, when you use the non-probability
sampling procedures. This is because there are no definite rules to be followed
in non-probability sampling procedures. It all depends upon on what you want
to know, the purpose of inquiry, what will be usefd,what will have credibility and
what can be done with available time and resources. In purposive sampling, the
sample should be judged on the basis of purpose. In non-probability sampling
procedures, the validity, meaningfulness, and insights generated have more to do
with the information-richess of the sample units selected rather than the sample
size.
Sotne Formulae to Determine the Sample Size

Technical considerations suggest that the required sample size is a function of the
precision of the estimates you wish to achieve, the variance of the population &d
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the confidence level you wish to use. If you want more precision and confidence
level then you may need larger sample size. The more frequently used confidence
levels are 95% and 99%. And the more frequently used precision levels are 1%
and 5%. There are different formulae used to determine the sample s i depending
~
upon various considerations discussed above. In this section we will discuss three
of them.

9

If we wish to report the results as percentages (proportions) of the sample
responding, we use the following formula:

Where, ni =

sample size of the Pattribute required

Pi= estimated proportion of the population possessing i* attribute of
interest (for example, proportion of males, females, urban, rural,
etc.)

a

=

z

=

precision required (0.01,0.05 etc.)
standardized value indicating the confidence level (z=1.96 at 95%
confidence level and z=2.58 at 99% confidence level)

Ni= population size of the i" attribute (known or estimated)
Example14.8:
17.8: A population consists 80% rural and 20% urban people. Given
that the population size is 50000, determine the sample size required. Assume
that the desired precision and confidence levels are 1% and 99% respectively.
In this example,
P, = proportion of rural people = 0.80
P, = proportion of urban people = 0.20
N, rural population size = 50000 x 0.80 = 40000
N, = urban population size = 50000 x 0.20 = 10000
a = 0.01
z = 2.58 (at 99% confidence level)
The required sample size is

-

n, = rural sample =
-
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4(1-4)
-+
a' 4 ( i - 4 )
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n,

=

urban sample =

-

0.16
0.000035

=

$(I-$)
a' e ( 1 - 4 )
-+
z2
N2 '

4568.4 or say 4568

Therefore we need to have a sample of size 8411 + 4568 = 12979 units.

iii If we wish to report the results as means (averages) of the sample responding,
we use the following formula:

Where, n, = sample size of the ih attribute required
PI= estimated standard deviation of the i h attribute of interest (for
example, average income ofhigh income group,low income group etc.)

a = precision required (0.01 or 0.05 as the case may be)
z

standardized value indicating the confidence level ( ~ 1 . 9 at
6 95%
confidence level and z=2.58 at 99% confidence level)
N = population size of the ih attribute (known or estimated)
=

Example14.9:
17.9: It is planned to conduct a study to know the average income of
households. Given that the s h d a r d deviation of households is 2.5 and the
population size is 10000, determine the sample size required. Assume that the
desired precision and confidence levels are 5% and 95% respectively.

In this example,
P, = standard deviation of income = 2.5
N , = number of households = 10000
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a

=

z

=

0.05
1.96 (at 95% confidence level)

The required sample size is

$1

If we wish to report the results in a variety of ways or we have the difficulty
in estimating the proportion or standard deviation of the attribute of interest,
we use the following formula:

Where, n =

a=
z=

N

=

sample size required
precision required (0.01 or 0.05 as the case may be)
standardized value indicating the confidence level (z=1.96 at 95%
confidence level and z=2.58 at 99% confidence level)
population size (known 01;estimated)

14.10:
Example
17.10: Given that the population size is 10000, determine the sample
size required when desired precision and confidence levels are 5% and 99%
respectively.

In this example,
N = 10000
a = 0.05
z = 2.58 (at 99% confidence level)

The required sample size is
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0.0003756+0.000025

0.000401
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Check Your Progress 2
1) Say whether the following statements are true or false.

a) When the units included in the sample are based on judgrnent of the
investigator, the sampling is said to be random.
b) With increasing sample size the sampling error decreases.

I

I

c) Convenience sampling has the disadvantage that it may not be
representative sample.
2) One of the major disadvantage ofjudgment sampling is
a) The procedure is very cumbersome
b) The sample selection depends on the individualjudgment of the investigator
c) It gives small sample size
d) It is very expensive.

14.11
17.11 LET US SUM UP
The most commonly used probability sampling procedure is the simple random
sampling which allows a chance to all population units to be included in the sample.
The sample units are chosen using random number tables. A systematic random
sample uses the first sample unit at random as a starting point and the subsequent
sample units are chosen systematically. A stratified sample guarantees inclusion
of units from each stratum. A cluster sample involves complete enumeration of
one or more randomly selected clusters.
The non-probability sampling procedures include convenience sampling, judgment
sampling, quota sampling and snowball samphg. These sampling procedures are
not independent &om sampling bias but still popular in some situationsparticularly
marketing research.
A number of factors decide the sample size. It may be the number of groups in
the population, the heterogeneity of population, h d s and time available, etc.

Using a sample saves a lot of money, time and manpower. If a suitable sampling
procedure is used in selecting units, appropriate sample size is selected and
necessary precautions are taken to reduce sampling errors, then a sample SkQuld
yleld a valid and reliable information about the population.

14.12
17.12 KEY WORDS
Cluster Sampling

Convenience Sampling
Judgment Sampling

: It is a sampling procedure where the entire

population is divided into groups called clusters
and then a random number of clusters are
selected. All observations in the selected clusters
are included in the sampling.
: It refers to the method of obtaining a sample that
is most conveniently available to the researcher.
: In this sampling procedure the selection of
sample is based on the researcher's judgrneqt
about some appropriate characteristic required
of the sample units.
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Multistage Sampling

: The sample selection is done in a num ~ e of
r

stages.
Quota Sampling
In this sampling procedure the samples are
selected on the basis of some parameters such
as age, gender, geographical region, education,
income, religion, etc.
Random Sampling
Random sampling is a sampling technique where
we select sample from a popuiation. Here, each
unit of the population has a'chance of being
included in the sample.
Simple Random Sampling : It is the basic sampling procedure when we
select samples using lottery method or using
random number tables.
Snowball Sampling
: Snowball sampling relies on referrals from initial
sampling units to generate additional sampling

units.
Stratified Sampling

Systematic Sampling

: In this sampling procedure the population is

divided into groups called strata and then the.
samples are selected from e&h stratum using a
random sampling method.
: A sampling procedure in which units are selected
from the population at uniform interval that is
measured in time, order or space.
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14.14
17.14 ANSWERSIHINTS TO CHECK YOUR

PROGRESS EXERCISES
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Check Your Progress 1

Check Your Progress 2

1) ,d

1) a) False

2) C
3) a) False
b) True
4) c)

b) Tme
c) Tme

2)

6)

