
Probability



The literary meaning of probability is the

chance and it is defined as the average relative

frequency with which an event is expected to

occur.

Probability



Probability of an event ‘A’ is usually denoted

by P(A) and expressed by the symbol ‘p’. Its

value ranges from zero ( 0 ) and one ( 1 ).

If p = 0, it means the chance of happening of

event is zero. Chances of survival after rabies

are zero or nil.

If p = 1, it means the chance of happening of

event is 100%. It is inevitable or a case of

certainty such as death for any living being.



If there are ‘n’ equally likely, mutually exclusive

and exhaustive outcomes and ‘m’ of them are

favorable to an event A, the probability of

occurrence of A is,
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This is termed as a classical definition / Priori

approach / Mathematical definition of probability.
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The probability of non-occurrence of event ‘A’

denoted by and expressed as ‘q’ is given

below:

A)P(



If an experiment is repeated a large number of

times under the same condition, the relative

frequency of particular event will settle to

some value. The probability of the event A can

be defined as a limiting value of relative

frequency and is expressed as:
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This is termed as a Statistical definition or

Relative frequency probability.



Examples:

1. When a coin is tossed, the coin may fall ‘Head’

ot ‘Tail’. The set of outcomes has only two

elements – ‘Head’ and ‘Tail”. One does not know

until the toss completed whether the outcome will

be a head or a tail. The words ‘event” and

‘outcome’ are used to mean the results of the

experiment. Chances of getting head or tail in one

toss are fifty-fifty or half and half.



2. When a dice is thrown, it is possible to have an

outcome of 1, 2, 3, 4, 5, 6. The possible outcomes

are 6. The favorable may be any one of all the

outcomes. Probability of getting ‘6’ in one throw of

dice is 1/6. What is the probability of getting other

than ‘6’?

3. The probability that a card drawn at random from

a well shuffled standard pack of cards will be a

queen is 4/52 = 1/13. What is the probability for a

card being other than queen?



4. If five of fifty children born with blood group Rh

negative, the probability ‘p’ for birth of child with

Rh negative is 5/50 = 0.1 (or 10%). The probability

of child with blood group Rh positive is 0.9 (or

90%). Probability can be expressed in percent.

5. If twins are born once in 80 different

pregnancies, the probability ‘p’ for birth of twins =

1/80, and the probability for single birth (q) = 1 – p

= 1 – 1/80 = 79/80.



Basic Terms in Probability:

1. A random experiment or trial

2. Event or outcome

3. Equally likely events

4. Mutually exclusive events

5. Exhaustive events (cases)

6. Independent events

7. Dependents events



Additive Law of Probability:

If A and B are two mutually exclusive events with

their respective probability P(A) and P(B) then

the probability of occurrence of either A or B is:

P(B)P(A)or B)  P(A P(AUB) 

1. When the events are mutually exclusive



2. When the events are not mutually exclusive

If A and B are not two mutually exclusive

events with their respective probability P(A)

and P(B) then the probability occurrence of

either A or B or both is

B)P(A-P(B)P(A) or B)  P(A B)P(A  



1. A box contains 30 blood samples numbered

from 1 to 30. One blood sample is drawn at

random. Find the probability that the number of

blood sample drawn will be i) a multiple of 5 or 9

ii) a multiple of 6 or 10.

Examples:



ii) The two events A and B are:

A = (6, 12, 18, 24, 30) B = (10, 20, 30)

P(A) = 5/30, P(B) = 3/30, P(A∩B) = 1/30

P(AUB) = P(A) + P(B) – P(A∩B)

= 5/30 + 3/30 – 1/30 = 7/30

i) The two events A and B are:

A = (5, 10, 15, 20, 25, 30) B = (9, 18, 27)

P(A) = 6/30 P(B) = 3/30

P(AUB) = P(A) + P(B) = 6/30 + 3/30 = 9/30 = 3/10



Multiplicative Law of Probability:

1. When the events are independent

If A and B are two independent events with

their respective probability P(A) and P(B) then

the probability of simultaneous occurrence is

given by

 P(B). P(A) P(AB) B)P(A 



2. When the events are dependent

If A and B are two dependent events then the

occurrence of one event A is affected by the

probability of occurrence of other event B and

vice versa. This relationship allows us to define

conditional probability as follows:

P(B)

B)P(A
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Similarly, the probability of B given A is



2. A cardboard box contains 10 microscopes of

which 4 are defective and other cardboard box

contains 8 microscopes of which 2 are defective.

A microscope is drawn at random from each box,

what is the probability that both microscope are

non-defective



A: the event of getting a non-defective

microscope from the first cardboard box

P(A) = 6/10 = 0.60, P(B) = 6/8 = 0.75

Since the events A and B are independent, the

probability of getting both non-defective

microscope is:

B: the event of getting a non-defective

microscope from the second cardboard box

P(AB) = P(A) x P(B) = 0.6 x 0.75 = 0.45

Solution :



3. A cardboard box contains 8 microscopes of

which 3 are defective. Two microscopes are drawn

at random one after the other without

replacement. Find the probability that both the

microscopes drawn are non-defective.



Let A be the event of drawing non-defective

microscope in the first draw and B be the event of

drawing non-defective microscope in the second draw.

Solution :

P(A) = 5/8 P(B/A) = (5-1)/(8-1) = 4/7

P(A∩B) = P(A).P(B/A) = 5/8 . 4/7 = 20/56 = 5/14 = 0.36

The probability of both microscopes non-defective:

where P(A) is the probability of non-defective

microscope and P(B/A) is the probability of non-

defective microscope given the first draw non-

defective.



Marginal Probability, Joint Probability and 

Conditional Probability

4. The table below summarizes the results of a health survey.

Subjects suffering from potential disease like heart disease,

cancer or diabetes were asked whether there had been any

known history of the disease in their family.

Current Disease

TotalHeart Cancer Diabetes

Family history

No family history

88

92

44

76

38

62

170

230

Total 180 120 100 400



d) The person has diabetes, given that the person has a family

history of their disease.

e) The person has no family history of disease, given that the

person has cancer.

f) What do we call the probabilities calculated in part (b), (c)

and (d)?

g) Use multiplication rule to find the probability asked in part (c)?

If a person is randomly selected from this sample of 400, what

is the probability that:

a) The person has a cancer

b) The person had a family history of their particular disease.

c) The person has cancer and had no family history of the disease.

Refer: BK Mahajan, Methods in Biostatistics, 8th Edt.(Page 142-143.



d) P(diabetes / history) = 38/170 = 0.2235

e) P(no history / cancer) = 76/120 = 0.6333

f) (b) Marginal probability, (c) Joint probability (d) Conditional

probability

g) P(cancer and no history) = P(cancer). P(no history / cancer)

= 120/400x76/120 = 0.19

or

P(cancer ∩ no history) = P(no history) P (no history / cancer)

= 230/400 x 76/230 = 0.19

a) P(cancer) = 120/400 = 0.36

b) P(history) = 170/400 = 0.425

c) P(cancer and no history) = 76/400 = 0.19

Solution to Examples 5:



1. In a sample of 100 individuals consisting of 40

males and 60 females, 10% of males and 15% of

females are anaemics. What is the probability of

selecting an anaemic either male or female? (0.13)

2. What will be the probability of a child born being

male and Rh negative, given that one in 10 births

may be Rh negative? (0.05)

3. What are the probabilities of getting male and

female children when two children are born one

after the other? (1/4,1/4,1/4, 1/4)

Exercise:



4. In a certain population of hospital patients, the

probability is 0.35 that a randomly selected patient

will have heart disease. The probability is 0.86 that

a patient with heart disease is a smoker. What is

the probability that a randomly selected patient will

be a smoker and have heart disease? (0.301)



Solution to Practice Exercise 1:

Let MA and FA be male anemic and female anemic.

P(MA) =  4/100,      P(FA) = 9/100

P(MAṸFA) = P(MA) + P(FA) = 4/100 + 9/100 = 13/100 = 0.13

Solution to Practice Exercise 2:

P(M) =  1/2,      P(Rh -ve) = 1/10

P(M∩Rh –ve) = P(M) . P(Rh –ve) = 1/2 x 1/10 = 1/20 = 0.05

Since sex of birth and blood type are independent,

Solution to Practice Exercise 3:

Probability of both male = P(MM) = P(M).P(M) = 1/2. 1/2  = 1/4

Probability 1st male 2nd female = P(MF) = P(M).P(F) = 1/2. 1/2  = 1/4

Probability 1st female 2nd male = P(FM) = P(F).P(M) = 1/2. 1/2  = 1/4

Probability  of both female = P(FF) = P(F).P(F) = 1/2. 1/2  = 1/4



Here, let H = heart disease, S = Smoker

P(H) = 0.35         P(S/H) = 0.86

P(S∩H) = P(S/H) x P(H) = 0.86 x 0.35 = 0.301

The probability that a randomly selected patient will be a smoker 

and have heart disease is 0.301

Solution to Practice Exercise 4:



Factorial, Permutation and Combination

Factorial is a special multiplication operation. The

factorial sign ‘L’ or ‘!’ indicates a special repeated

multiplication which is used frequently in

statistical applications

...3.2.12)........-1).(n-(n (n).  n!

general, In

1205.4.3.2.1 5!





Factorial :



Permutation:

The word “Permutation” means basically “order of 

occurrence”

Example: The three alphabets ‘A’, ‘B’, ‘C’ when taken

all three can be arranged in the following orders:

ABC,   ACB,   BAC,   BCA,   CAB,   CBA

Combination:

The concept “Combination” does mot deal with order

and the concept “Permutation” deals with order.



Consider a, b, c, d, and e as five different things, the

permutation and combination of three at a time will be:

Permutation:

Combination:
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Calculate:

i) 7P6 ii) 10C2 iii) 5C2x3C1 iv) 5C3/10C3

Note that: 0! = 1, 1! = 1



A permutation of ‘n’ different objects taken ‘r ‘at a

time is an ordered arrangement, denoted by nPr , is

given by:

r)!(n

n!
Pr

n




A permutation of ‘n’ objects taken all at a time when

‘p’ objects are of one kind, ‘q’ objects are of second

kind. ‘r’ objects are of third kind and so on is given

by:

    
r!...... q! p!

n!

Permutation:



A combination of the ‘n’ different objects taken ‘r’

objects at a time without considering the order of

arrangement is denoted by nCr and defined to be:

 
r)!(n  r!

n!
 Cr

n




Combination:



Ex.1 In how many different ways can one make a first and

second choice among four firms supplying hospital equipment.
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Ex.2 Find the total number of arrangement of the letters of the

word ‘BIOSTATISTICS’.

28828800  
3!1!1!1! 3! 3!

13!
tsarrangemen of No. 

Ex.3 In how many different ways can 3 of 10 laboratory

assistants be chosen to assist with an experiment?

120 
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