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     STRAND 8 PROBABILITIES 

 
 

Brief History of Probability  

Concepts of probability have been around for  

thousands of years, but probability theory did not arise as a branch of mathematics 
until the mid-seventeenth century. During the fifteenth century several probability 
works emerged.  Calculations of probabilities became more noticeable during this time 
period even though mathematicians in Italy and France remained unfamiliar with these 
calculation methods (David, 1962).   In 1494, Fra Luca Paccioli wrote the first printed 
work on probability, Summa de arithmetica, geometria, proportioni e proportionalita 
(David, 1962).  In 1550, Geronimo Cardano inspired by the Summa wrote a book about 
games of chance called Liber de Ludo Aleae which means A Book on Games of Chance 
(David, 1962).   

     In the mid-seventeenth century, a simple question directed to Blaise Pascal by a 
nobleman sparked the birth of probability theory, as we know it today.  Chevalier de 
Méré gambled frequently to increase his wealth.  He bet on a roll of a die that at least 
one 6 would appear during a total of four rolls.  From past experience, he knew that he 
was more successful than not with this game of chance.  Tired of his approach, he 
decided to change the game.  He bet that he would get a total of 12, or a double 6, on 
twenty-four rolls of two dice. Soon he realized that his old approach to the game 
resulted in more money.  He asked his friend Blaise Pascal why his new approach was 
not as profitable.  Pascal worked through the problem and found that the probability 
of winning using the new approach was only 49.1 percent compared to 51.8 percent 
using the old approach (see detailed calculations) (Smith, 1996).  

     This problem proposed by Chevalier de Méré is said be the start of famous 
correspondence between Pascal and Pierre de Fermat.  They continued to exchange 
their thoughts on mathematical principles and problems through a series of letters.  
Historians think that the first letters written were associated with the above problem 
and other problems dealing with probability theory.  Therefore, Pascal and Fermat are 
the mathematicians credited with the founding of probability theory (David, 1962).  

     The topic of probability is seen in many facets of the modern world. The theory of 
probability is not just taught in mathematics courses, but can be seen in practical 
fields, such as insurance, industrial quality control, study of genetics, quantum 
mechanics, and the kinetic theory of gases (Simmons, 1992).  

 

 

LEARNING 
OUTCOMES 

- Know and understand simple 
probability terms 

- Draw simple probability tree  
- List sample space  
- Calculate simple probabilities  
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Probability is a branch of mathematics that deals with calculating the likelihood of a given 

event's occurrence, which is expressed as a number between 1 and 0. An event with a 

probability of 1 can be considered a certainty: for example, the probability of a coin toss 

resulting in either "heads" or "tails" is 1, because there are no other options, assuming the 

coin lands flat. An event with a probability of .5 can be considered to have equal odds of 

occurring or not occurring: for example, the probability of a coin toss resulting in "heads" is 

.5, because the toss is equally as likely to result in "tails." An event with a probability of 0 

can be considered an impossibility: for example, the probability that the coin will land (flat) 

without either side facing up is 0, because either "heads" or "tails" must be facing up 

 

How likely something is to happen. 

Many events cannot be predicted with total certainty.  

The best we can say is how likely they are to happen, using the idea of probability. 

In general:  

Probability of an event happening =    
Number of ways it can happen 
 Total number of outcomes 

 

 

 

 

 
 

Probability is always between 0 and 1 
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Experiment or Trial: an action where the result is uncertain.  

Sample Space: the set of all the possible outcomes of an experiment 

Example: Choosing a card from a deck 

There are 52 cards in a deck (not including Jokers) 

So the Sample Space is all 52 possible cards: {Ace of Hearts, 2 of Hearts, etc... } 

 

The Sample Space is made up of Sample Points. 

      Sample Point: just one of the possible outcomes 

 Event: a single result of an experiment 

Example of Events: 

• Getting a Tail when tossing a coin is an event 
• Rolling a “5” is an event. 

An event can include one or more possible outcomes: 

• Choosing a “King” from a deck of cards (any of the 4 Kings) is an event 
• Rolling an “even number” (2, 4 or 6) is also an event 

Activity Sample Space 
Rolling a die 

 

There will be 6 outcomes in the sample space: 
{1, 2, 3, 4, 5, 6} 

Tossing a coin 
 There will be 2 outcomes in the sample space: 

{ Heads, Tails} 

Drawing a card from a standard deck 

 

There will be 52 cards in the sample space: 
{Spades: 2,3,4,5,6,7,8,9,10, ace, jack queen, king, 
Clubs:  2,3,4,5,6,7,8,9,10, ace, jack, queen, king, 
Diamonds:  2,3,4,5,6,7,8,9,10, ace, jack, queen, 

king, 
Hearts:  2,3,4,5,6,7,8,9,10, ace, jack, queen, king} 
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Drawing one marble from the bottle 

 

There will be 8 marbles in the sample space: 
{blue marble, blue marble, blue marble, 

blue marble, blue marble, red marble, red 
marble, red marble} 

Rolling a pair of dice 

 

There will be 36 outcomes in the sample 
space: 

{(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)} 

 

As you can see, sample spaces can become very large. 

When determining a sample space, be sure to consider ALL possibilities.  Oftentimes this 
can be a difficult task.   

 

 

 

When attempting to determine a sample space (the possible outcomes from an 

experiment), it is often helpful to draw a diagram which illustrates how to arrive at the 

answer. 

One such diagram is a tree diagram. 

Probability Tree Diagrams 

Calculating probabilities can be hard, sometimes we add them, sometimes we multiply 

them, and often it is hard to figure out what to do ... tree diagrams to the rescue! 

  

 

 

 

Remember:  A sample space is the set of ALL possible 
outcomes. 
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Here is a tree diagram for the toss of a coin: 

There are two "branches" (Heads and Tails)  

• The probability of each branch is written on the branch 

• The outcome is written at the end of the branch 

We can extend the tree diagram to two tosses of a coin: 

 

 

 

 

 

 

How do we calculate the overall probabilities? 

• We multiply probabilities along the branches 

• We add probabilities down columns 

Now we can see such things as: 

• The probability of "Head, Head" is 0.5×0.5 = 0.25 

• All probabilities add to 1.0 (which is always a good check) 

• The probability of getting at least one Head from two tosses is 0.25+0.25+0.25 = 

0.75 

• ... and more 
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In addition to helping determine the number of outcomes in a sample space, the tree 

diagram can be used to determine the probability of individual outcomes within the sample 

space. 

The probability of any outcome in the sample space is the product (multiply) of all 

possibilities along the path that represents that outcome on the tree diagram. 

Throwing Two Dice and Adding the Scores. 

Question: If you throw 2 dice together and add the two scores:  

• 1. What is the least possible total score?  
• 2. What is the greatest possible total score?  
• 3. What do you think is the most likely total score? 

The first two questions are quite easy to answer:  

• 1. The least possible total score must be 1 + 1 = 2  
• 2. The greatest possible total score must be 6 + 6 = 12 
• 3. The most likely total score is ... ??? 

Are they all just as likely? Or will some happen more often? 

To help answer the third question let us try an experiment.  

The Experiment 

Here is a table of all possible outcomes, and the totals 

 

 

 

 

 

 

 

 

 

 

Score on One Die 
    1 2 3 4 5 6 

Score 
on the 
Other 

Die 

1 2 3 4 5 6 7 
2 3 4 5 6 7 8 
3 4 5 6 7 8 9 
4 5 6 7 8 9 10 
5 6 7 8 9 10 11 
6 7 8 9 10 11 12 
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Example 2: A family has three children.  How many outcomes are in the sample space that 
indicates the sex of the children?  Assume that the probability of male (M) and the 
probability of female (F) are each 1/2. 

 

Sample space: 

    { MMM 
      MMF 
      MFM 
      MFF 
      FMM 
      FMF 
      FFM 
      FFF }  

There are 8 outcomes in the 
sample space. 

The probability of each outcome 
is 

1/2 • 1/2 • 1/2 = 1/8. 

 

 

  EXERCISE     8.1 

 

1. How many elements are in the sample space of rolling one die?  List the sample 
space. 

2 .  How many elements are in the sample space of tossing 3 coins?  List the sample 
space.  

 

 

3. Alarm clocks are sold in blue or pink with either digital or 
standard displays.  How many different arrangements of 
alarm clocks are possible?  List the sample space. 

 

4. There are 2 entry doors and 3 staircases in a two–storey school building.  How many 
ways are there to enter the building and go to the first floor?  List the sample 
space.  

 

 

What is the most likely total score? 

• 7 has the highest bar, so 7 is the most likely total score.  
Example: Probability of a total of 2 

• We know there are 36 possible outcomes.  
• And there is only 1 way to get a total score of 2.  
• So the probability of getting 2 is: 

Probability of a total of 2 =    
1 

 36 
   

 

Example 1 :  

 Show the sample space for tossing one coin and rolling one die.  
 (H = heads, T = tails) 

 

By following the different paths in the tree diagram, we can 
arrive at the sample space. 

Sample space: 
{ H1, H2, H3, H4, H5, H6, 
  T1, T2, T3, T4, T5, T6 } 

The probability of each of these outcomes is  
1/2 • 1/6 = 1/12 
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Example 2: A family has three children.  How many outcomes are in the sample space that 
indicates the sex of the children?  Assume that the probability of male (M) and the 
probability of female (F) are each 1/2. 

 

Sample space: 

    { MMM 
      MMF 
      MFM 
      MFF 
      FMM 
      FMF 
      FFM 
      FFF }  

There are 8 outcomes in the 
sample space. 

The probability of each outcome 
is 

1/2 • 1/2 • 1/2 = 1/8. 

 

 

  EXERCISE     8.1 

 

1. How many elements are in the sample space of rolling one die?  List the sample 
space. 

2 .  How many elements are in the sample space of tossing 3 coins?  List the sample 
space.  

 

 

3. Alarm clocks are sold in blue or pink with either digital or 
standard displays.  How many different arrangements of 
alarm clocks are possible?  List the sample space. 

 

4. There are 2 entry doors and 3 staircases in a two–storey school building.  How many 
ways are there to enter the building and go to the first floor?  List the sample 
space.  
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 STRAND  9         INTRODUCTIONS TO CALCULUS 
 

Calculus is all about changes.  

The word Calculus comes from Latin meaning  

"small stone". Because it is like understanding 

 something by looking at small pieces.  

It is the branch of mathematics that deals with the finding and properties of derivatives 
and integrals of functions, by methods originally based on the summation of infinitesimal 
differences. The two main types are differential calculus and integral calculus. 

Differential Calculus cuts something into small pieces to find how it changes.  

Integral Calculus joins (integrates) the small pieces together to find how much there is. 

Differential Calculus and Integral Calculus are inverses of each other, just like multiplication 
and division are inverses. 

 

Brief History of Calculus 

Calculus was created by Isaac Newton, a British scientist, as well as Gottfried Leibniz, 
a self-taught German mathematician, in the 17th century.. Newton discovered the 
inverse relationship between the derivative (slope of a curve) and the integral (the 
area beneath it), which deemed him as the creator of calculus. Thereafter, calculus 
was actively used to solve the major scientific dilemmas of the time, such as: 

• calculating the slope of the tangent line to a curve at any point along its length 
• determining the velocity and acceleration of an object given a function 

describing its position, and designing such a position function given the object's 
velocity or acceleration 

• calculating arc lengths and the volume and surface area of solids 
• calculating the relative and absolute extrema of objects, especially projectiles 

For Newton, the applications for calculus were geometrical and related to the physical 
world - such as describing the orbit of the planets around the sun. For Leibniz, 
calculus was more about analysis of change in graphs. Leibniz's work was just as 
important as Newton's, and many of his notations are used today, such as the 
notations for taking the derivative and the integral. 

 

- Know and understand 
differentiation and  integration 

- Understand differentiation with 
reference to graph  

- Differentiate and integrate simple 
algebraic expressions. 
 
 

LEARNING 
OUTCOMES 

 

5. You want to travel from Suva to Ba. You can either travel via the Kings Road or the 
Queens Highway, using a bus, taxi, private car or rental. By how many possible ways 
could you travel?  List the sample space.  

 

6.  A die is thrown once. What is the probability that the score is a factor 
of 6?  

7.  The diagram shows a spinner made up of a piece of card in the shape 
of a regular pentagon, with a toothpick pushed through its centre. 
The five triangles are numbered 1 to 5. 

 
The spinner is spun until it lands on one of the five edges of the pentagon. What is 
the probability that the number it lands on is odd?  

 

8 .    Each of the letters of the word MATHEMATICS are written on separate pieces of  
paper that are then folded, put in a hat, and mixed thoroughly.  
 
One piece of paper is chosen (without looking) from the hat. What is the probability 
it is an ‘I’?  

9..     A fair coin is tossed three times. What is the probability of obtaining one Head and    
two Tails? (A fair coin is one that is not loaded, so there is an equal chance of it 
landing Heads up or Tails up.)  

10 A committee of three is chosen from five councilors – Ansaar , Shalen, Mere, Jone 
and Aarti. 

What is the probability that Ramesh is on the committee? 

11  A special die is made in the shape of an icosahedron, and its faces 
are numbered with the numbers 1 to 20. 

 
When the die is thrown there is an equal chance of any face landing 
uppermost. 
 
If the die is thrown once, what is the probability that the face that lands uppermost 
has a number that is a factor of 20? 
 

12 Two cubical dice are thrown and their scores added together. 
 
If X = "The sum of the scores on the two dice", what is: 
a.  P(X = 7 or 8)? 
b.  P(X is divisible by 4)? 
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