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DATA HANDLING AND PROBABILITY
Learning Outcomes and Assessment Standards

Learning Outcome 4:  Data handling and probability
Assessment Standard:
Generalise the fundamental counting principle (successive choices from m

1
 then m

2
 then m

3
 

... options create m
1
 × m

2
 × m

3
 different combined options) and solve problems using the 

fundamental counting principle.

Overview
In this lesson you will 

Review what is meant by independent events

Discover the fundamental counting principle

Learn to calculate the number of different arrangements

Learn to calculate the number of different arrangements when some are 
identical

Lesson

Independent events
Events A and B are independent if the probability of B is not influenced or 
changed in any way by the occurrence of A.

Example

If H is the event of getting a head when a coin is tossed, and X is the event of 
getting a six when a dice is thrown, what is the probability of the coin landing on a 
head and the dice providing a six?

Solution

 P(H) =   1 _ 2   P(X) =   1 _ 
6
  

 P(H and X) = P(H ∩ X)

 =   1 _ 2   ×   1 _ 
6
  

 =   1 _ 12  

 = P(H) × P(X)

Two-way contingency tables
Data is placed in a table

Example 1

The headache clinic administered a combination of vitamins to various patients.  
100 males and 80 females were involved in the experiment.  60 males and 50 
females responded positively to the treatment.

a) Is the success of the treatment independent of gender?

b) Why or why not?

●

●

●

●
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Solution

Construct a table

Male Female Total

Positive   60 50 110

Negative   40 30   70

Total 100 80 180

 P(male) and P(positive result) = P(male) × P(positive result)

 =   100 _ 180   ×   110 _ 180  

 = 0,339506

 But P(male and positive result) =   60 _ 180   = 0,  
�
 3 

These answers are not equal so we cannot claim that the treatment’s success is 
determined by gender.

Note:

P(male) × P(positive result) = 0,339506 

(is the ‘expected’ probability if the events are independent)

P(male and positive result) = 0,  
�
 3  (is the observed result)

The difference is only 0,006

To provide a perfect match between P(male) × P(positive) and P(male and 
positive), the positive results would need to be in the same ratio as the gender in 
the sample.

Ratio: male : female

 100 : 80

 5 : 4

So the number in the cell, male and positive, must be   5 _ 9   of total who responded 
positively.

 =   5 _ 9   × 110

 = 61 (to the nearest person)

Example 2

Look at the following 2 × 2 contingency table

Smokers Non-smokers Totals

Drinkers 60 110 170

Non-drinkers 10   20   30

Total 70 130 200

a)  Determine whether the events of drinking and smoking are independent or 
not.

b)  Give the expected number in the cells for the events to be perfectly 
independent if they are not.

Solution

a) P(smokes) . P(drinks)   P(smokes and drinks)

 =   70 _ 200   ×   170 _ 200   = 0,2975   =   60 _ 200   = 0,3

 Not ‘perfectly’ independent since 0,2975 ≠ 0,3
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 But, the difference is so small we can say they are independent.

b) Number in the cell smokers and drinkers is   
n(S)

 _ 
Total

   × n(D) =   70 _ 200   × 170

  = 59,5

  = 60

Example 3

Look at the following 2 × 2 contingency table.

a) Decide whether the events are perfectly independent.

b) If not provide the expected number in the cell.

Urban Rural Totals

Watches the Learning Channel    500    400    900

Does not watch the Learning Channel 1 000    600 1 600

Total 1 500 1 000 2 500

Solution

a) P(watches Learning Channel) × P(urban) =   900 _ 
2 500

   ×   1 500 _ 
2 500

   = 0,216

 P(watches Learning Channel and urban) =   500 _ 
2 500

   = 0,2

 ∴ Not perfectly independent

b) Number in cell watches Learning Channel and urban =   900 _ 
2 500

   = 1 500 = 540

Urban Rural Totals

Watches the Learning Channel    540    360    900

Does not watch the Learning Channel    960    640 1 600

Total 1 500 1 000 2 500

Counting techniques
Remember in probability ‘and’ means × (multiply), ‘or’ means + (add).

1. Multiplication of choices

To find the number of ways a choice can be made if it consists of more than two 
steps, we multiply together the number of ways of making each choice.

Example 1

If I communicate with my friend by letter, e-mail or telephone, and he 
communicates back by telephone or e-mail, there are 3 × 2 = 6 possible ways of 
communicating.

Example 2

Try this

A man buying a sandwich at a restaurant, finds that he can choose:

White, brown or wholewheat bread

Chicken, cheese, tuna or roast beef as a filler

Lettuce, tomato or radish as a garnish

He can have his sandwich toasted or plain

How many different sandwiches can he order?

●

●

●

●
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Solution

3 × 4 × 3 × 2 = 72

Example 3

In a multiple choice test there are 10 questions each with 5 answers.  In how many 
ways can a student

a) Answer this section of the exam paper?

b) Answer this section of the exam paper so that all ten answers are incorrect?

Solution

a) 510

b) 410

Example 4

In a real estate development, town houses are offered with 1, 2 or 3 bedrooms, 1 or 
2 bathrooms, 1 or 2 lounges, with or without carpeting, with a carport or a garage, 
and with several different interior finishes.

If a buyer determines that he as 144 possible choices, how many different interior 
finishes are available?

Solution

 3 × 2 × 2 × 2 × 2 × x = 144

 48x = 144

 x = 3

2. Arrangements: They are called permutations

Example 1

How many ways can I arrange 6 different books on a shelf?

Solution

Make a box 6 5 4 3 2 1

 6 × 5 × 4 × 3 × 2 × 1 = 6! (six factorial)

 = 720

Example 2

How many ways can I arrange 10 boys in a row?

Solution

= 10!

= 3 628 800

Example 3

How many ways can I arrange 8 ornaments on a shelf?
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Solution

= 8!

= 40 320

3. Arranging a selection of objects

Look at this example:

If I have 9 different books, how many ways can I arrange 5 of them on a shelf?

Solution

9 8 7 6 5

 =   9! _ 4!    = 15 120

 =   9! _ 
(9 – 5)!

  

We write this as 9p
5

It means the number of ways (permutations) of 5 objects selected from 9.  (You 
can use your calculator.)

Example 1

If there are 15 horses in a race, how many ways can the horses be placed 1st , 2nd , 
3rd and 4th (no ties).

Solution

 15p
4
 = 32 760

Example 2

Find the number of ways I can choose a chairperson, a secretary and a treasurer 
from 9 committee members.

Solution

 9p
3
 = 504

Example 3

Find the number of ways I can arrange 4 girls and 5 boys in a row so that:

a) They sit in any order.

b) The girls sit together and the boys sit together.

Solution

a) 9! = 362 880

b) 4! 5! 2! = 5 760

Example 4

How many code numbers of three digits can be used from the digits 1; 2; 3 4; 5; 6; 
7; 8; 9 if:

a) Repetition is now allowed

b) Repetition is allowed
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Solution

a) 9 8 7

 or 9p
3
 = 504

b) 9 9 9

 93 = 729

Example 5

How many 6 digit number can I make if

a) No digit may be repeated but the number may not start with a zero.

b) The only number that is not allowed is 000000

c)  The number must start with an even number and must then alternate 
between odd and even.  (The number 1 may not be used.)

d)  The number must start with an even number, alternate between odds and 
evens, and no digit can be repeated.

Solution

a) 9 9 8 7 6 5

 = 99. p
5
 = 136 080

b) 10 10 10 10 10 10

 = 106 − 1

c) 5 4 5 4 5 4

 = 53 × 43 = 8 000

d) 5 5 4 4 3 3

 = 25 × 16 × 9

 = 3 600

Identical items
Investigation (in pairs)

How many ways can you arrange the letters ANN?

How many ways can you arrange the letters POPO?

How many ways can you arrange the letters MUMMY?

What have you concluded?

In general the number of permutations of n items where r are identical is   n! _ 
r!  

Example 1

How many ways can I arrange the letters of the word  MKUMKUTU ?

Solution

  9! _ 2! 2! 3!   = 15 120
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Example 2

In how many ways can 6 identical French books and 4 identical Zulu books be 
arranged on a shelf?

Solution 

  10! _ 
6! 4!

   = 210

Example 3

How many different signals, each consisting of 6 flags can be formed from 2 
identical red flags and 4 identical white flags?

Solution

  6! _ 4! 2!   = 15  

Probability
Definition: P(event) =   

n(event)
 __  

n(sample space)
  

 P(A) =   
n(A)

 _ (S)  

Example 1

If you arrange the letters of the word  P I C T U R E  in any order, what is the 
probability the word will start with a P and end with an E?

Solution

n(S) = 7!

Event  P _ _ _ _ _ E     Fixed

n(E) = 5!

P(E) =   5! _ 7!   =   1 _ 42   

Example 2

If you arrange the letters of the word  S O C I O L O G Y  what is the probability 
that:

a) The word will start with an O and end with an O?

b) The three O’s will be together?

Solution

a) n(S) =   9! _ 3!   = 60 480

 Event:  O _ _ _ _ _ _ _ O    Fixed

 n(E) = 7!

 P(event) =   7! _ 
60 480

   =   1 _ 12  

b) n(S) = 60 480

 Event:  Treat the 3 O’s as 1

 OOO  S C I L G Y

 n(E) = 7!

 p(E) =   7! _ 
60 480

   =   1 _ 12  
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Example 3

Look at this menu

Main course Dessert Soft drinks

Roast beef Fruit salad Coke

Roast lamb Ice cream Fanta

Chicken Apple tart Sprite

Mince Chocolate pudding Water

Vegetarian Soda

Pasta Orange juice

Pizza

a)  What is the probability, if a person chooses one of each, that they will eat 
roast beef and ice cream?

b)  What is the probability, if a person chooses one of each, that they will have 
roast beef or ice-cream?

Solution

a) n(S) = 7 × 4 × 6 = 168

 n(E) = 1 × 1 × 6 = 6

 P(E)   6 _ 
168

   =   3 _ 84  

b) n(S) = 168

 Roast beef × anything × anything or anything × ice-cream × anything

 = (1 × 4 × 6) + (7 × 1 × 6) = 66

 P(E)   66 _ 
168

   =   33 _ 84  

Activity
1. Look at the following 2 × 2 contingency table:

 a) Are events ‘perfectly’ independent?

 b)  Give the expected numbers in the cells for the events to be perfectly 
independent.

Play sport Do not play sport Totals

Boys   60 40 100

Girls   50 50 100

Totals 110 90 200

2.  On a tour of the Hawaiian Islands, Captain and Mrs Cook plan to travel 
from the island of Oahu to the island of Kauai, and then to Lanai, Maui, and 
Hawaii in that order, before returning to Oahu.   The number of way they 
can travel between each island is shown on the map.
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Kauai

Oahu

Molokai

Maui

Lanai

Hawaii

 a) In how many different ways can the Cooks plan their entire tour?

 b)  If they learn later that they can travel in only one way from Lanai to 
Maui, in how many ways can their tour be made?

3.  Suppose you are at Bob’s Restaurant and like the following items on the 
menu:

Dinners Desserts Beverages

Big Boy Combination R18,50 Fudge Sundae R6,40 Coffee R1,20

Fried Chicken R12,40 Apple Pie R4,20 Coca-Cola R1,20

Shrimp R17,60 Banana Cream R5,30 Root Beer R1,80

Fish and chips R  8,20 Strawberry Pie R7,20 Milk R1,00

Bob’s special steak R18,20 Cheese Cake R7,50 Tea R1,20

Ice-Cream R4,20

 a)  If you order a dinner and a beverage, with dessert, how many 
different choices have you got?

 b) If you also order a dessert, how many combinations are possible?

 c)  You don’t eat shrimps and you are definitely going to have cheese 
cake, how many choices of dinner, dessert and beverages do you 
have?

4.  Keys of different shapes are designed by choosing from several patterns 
for each of their parts.  The keys of General Motors’ cars have 6 parts for 
which there used to be 2 patterns each.  How many different key designs 
were possible?

5.  Recently, General Motors increased the number of patterns for each part to 
be 3.  How many different key designs do they have now?

6. We use 10 digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 to write numbers.

 a) How many different 3-digit numbers can be written?

 b)  How many different 3-digit numbers can be written whose first 
digit is not O, whose second digit is O, and whose third digit can be 
anything?
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7.  A slot machine has 3 dials, each 
having 20 symbols as shown in the 
table alongside:

 a)  If each dial can stop on any 
one of its 20 symbols, how 
many possible combinations 
are there?

 b)  The biggest pay-off is for 3 
bars.  How many ways are there of getting 3 bars?

 c)  It is impossible to get 3 cherries.  How many ways are there of 
getting 3 of each of the other symbols?

 d)  How many combinations that look different can turn up on the 
machine?

8.  There are 12 pupils who take ad-maths in Grade 9.  These pupils are the 
cleverest pupils in Grade 9.

 a)  If a prize is awarded for maths, science and ad-maths, how many 
different ways can this prize be given to the ad-maths students if the 
same pupil can win all three prizes?

 b)  How many different ways can the prizes be won if the same pupil 
cannot win more than one prize?

 c)  If three pupils are thrown out of the class, how many ways can they 
go out of the door?

9.  Consider a sprint in which 6 athletes participate.  If equal placings are 
excluded, in how many different sequences can these athletes cross the 
finishing line?

10.  What is the probability that if the letters of the word ‘tirade’ are arranged in 
any order, a four letter word, chosen at random, will not contain the letter 
‘d”?

11.  4 different Latin books, 5 different English books and 3 different French 
books are arranged on a shelf.  How many ways can you arrange them if:

 a) They can be in any order?

 b) Latin books, English books and French books must be together?

 c) Only the Latin books must be together?

12. a)  How many car number plates can be made if each plate contains 2 
different letters and 3 different digits.

 b)  What is the probability that the number starts with an A and ends 
with zero?

13. If you make as many words as you can with the letters of the word

  S T A T I S T I C S what is the probability that the word will start with an 
“I” and end with a “C”?

14.  How many ways can I arrange 3 similar Latin books, 4 similar science 
books and 5 similar maths books on a shelf?

15.  If the letters of the word  M A T H E M A T I C S  are arranged randomly, 
find the probability that the word will start and end with the same letter.

Symbol Dial 1 Dial 2 Dial 3

Bar
Bell
Plum
Orange
Cherry
Lemon

1
1
5
3
7
3

3
3
1
6
7
0

1
3
5
7
0
4

20 20 20

Symbol Dial 1 Dial 2 Dial 3

Bar
Bell
Plum
Orange
Cherry
Lemon

1
1
5
3
7
3

3
3
1
6
7
0

1
3
5
7
0
4

20 20 20
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ANSWERS AND ASSESSMENT

Lessons 41-42
1. a) Events A and B are not ‘perfectly’ independent.   11 _ 40   ≠   12 _ 40    

 b) For perfectly independent

Play sport Do not play sport Totals

Boys   55 45 100

Girls   55 45 100

Totals 110 90 200

2. [54; 27]

3. a) 25 b) 150 c) 20

4. 64

5. 36

6. a) 720 b) 90

7. a) 203 b) 3 c) 163 d) 150

8. a) 12 × 12 × 12 = 1 728

 b) 12 × 11 × 10 = 1 320

 c) 3 × 2 × 1 = 6

9. 6!

10.   1 _ 3  

11. a) 12! b) 103 680 c) 9!  5!

12. a) 468 000 b) 0,0038

13. 0,01

14. 27 720

15. 0,0545

LC G12 Probab LWB.indb   11LC G12 Probab LWB.indb   11 2008/09/03   03:37:02 PM2008/09/03   03:37:02 PM



12

TIPS FOR THE TEACHER

Lessons 41-42
This section is optional – it is in paper 3.

The 2 × 2 contingency tables are studied in Grade 11 but I chose to put them into the 
Grade 12 curriculum because the learners find them difficult.

LC G12 Probab LWB.indb   12LC G12 Probab LWB.indb   12 2008/09/03   03:37:02 PM2008/09/03   03:37:02 PM


