Possible Outcomes
When you roll a regular die, there are 6 possible outcomes:

Each outcome has an equal chance of happening. The possible outcomes in an experiment are sometimes called the ____________________________. 

When you toss a coin, there are 2 possible outcomes:   

Fundamental Counting Principle

1) Consider a true-false test. How many possible outcomes are there if the test consisted of (a) 2 questions?  (b) 3 questions?  (c) 4 questions?
2) A student in grade 12 can choose between four math courses: Calculus and Vectors (MCV), Data Management (MDM), Advanced Functions (MFA), and AP Statistics (MDS) and two English courses: Grammar (G) and Literature (L). In how many ways can she choose one math and one English course?  List all possible situations.

Fundamental Counting Principle:  To find the number of ways of making several decisions in succession, multiply the number of choices that can be made in each decision.

That is:  If one thing can be done in “a” ways and a second thing can be done in “b” ways and a third thing can be done in “c” ways etcetera then they can be done together in __________________ ways.

3) A computer dating service has profiles for 230 men and 480 women. How many different dates can be arranged if a date consists of one man and one woman?

4) Havergal College (Senior School) has 11 English teachers, 10 math teachers, 9 social science teachers, 8 science teachers, and 7 French teachers.  If a student must take all 5 of these subjects, how many different sets of teachers are possible?

The Probability Formula

When you roll a die, there are 6 possible outcomes, 1, 2, 3, 4, 5, and 6. Each outcome has an equal chance of happening. The chance, or probability, of rolling a 2, P(2), is …
[image: image1.wmf].
Probabilities may be expressed in one of three different forms: 

i) ________________________________________

ii) ________________________________________

iii) ________________________________________
1. What is the probability of each of the following outcomes, expressed as a fraction in lowest terms?

a)  P(5) = 





b) P(odd number) = 

c) P(composite number) =


d) P(prime number) =

e) P(number less than 4) =


f) P(number divisible by 3) = 

g) P(number divisible by 7) = 


h) P(even number) = 
2. How many possible outcomes does a toss of a coin have?

b)   P(H) =


c) P(T) =


d)   P(H or T) =

e) If you tossed the coin 120 times, how many times would you expect to observe a `head’?

3. Each letter of the word impossible is written on a different card.  The cards are shuffled and placed upside down. What is the probability of each of the following outcomes, expressed as a decimal?

a) P(drawing an I) =


b) P(drawing a vowel) =

c) P(drawing an S) =


d) P(drawing a K) =

4. Choose one card from a standard deck of 52 cards. What is the probability of each of the following outcomes, expressed as a percentage? 

a)P(2 of () =




b) P(a black card) =

c) P(a () =





d) P(a red jack) =
e) P(a heart or a spade) = 



f) P(a heart and a spade) = 
When all outcomes are know and equally likely, the probability of a single outcome is given by the probability formula.

                 P(outcome) =   number of favourable outcomes
                                            number of possible outcomes

Experimental Probability

For some events you can determine the probability of an outcome mathematically, without doing the experiment.  For other events, you must determine the probability of an outcome by experiment.

The Paper Cup:
When you throw a paper cup, there are 3 ways it can land: on its side, on its top, and on its bottom.

1) Estimate the probability of a tossed cup landing in each of the three positions:

a) P(S) = 


b) P(T) = 


c) P(B) = 

2) Toss a paper cup 25 times and record your results in a tally chart.

	Outcome
	Tally
	Frequency

	Side
	
	

	Bottom
	
	

	Top
	
	


                    




  

Total:

     25

3) Calculate the experimental probability of each outcome using the formula:  

                     PE(Event) =   Number of times desired outcome occurs
                                          Number of times experiment was repeated

a) PE(S) =


b)PE(T) =


c)PE(B) =

4) Compare your experimental results with your estimates.

5) Combine your results with your classmates and use the class results to find the experimental probability of a cup landing in each of the three positions.

6) Compare the classes’ experimental results with your estimates.

7) What variable(s) did you control in your experiment?

Experimental Probability(con’d)

Thumbtacks:
When you roll a thumbtack, there are two ways it can stop: point down or point up.

1) Estimate the probability of a rolled thumbtack stopping in each position.

                    P(D) = 



P(U) = 

2) Roll 10 thumbtacks 10 times and record your results.

	Outcome
	Tally
	Frequency

	Down
	
	

	Up
	
	










Total:
               100

3) Calculate the experimental probability of each outcome using the formula:

PE(Event) = number of times desired outcome occurs

                    number of times experiment was repeated

a) PE(D) = 




b) PE(U) = 

4) Compare your experiment results with your estimates.

5) Combine your results with your classmates’.

6) Use the class results to find the experimental probability of a rolled thumbtack stopping in each position.

7) Compare the classes’ experimental results with your estimates.

8) What variable(s) did you control in your experiment?

Note:  For experimental probability, the greater the number of times an experiment is repeated, the more accurate the results; but in many cases many repetitions are impossible or impractical.

More on Probability
Probability questions can involve more than one step.

For example, suppose we are selecting two cards from a deck of 52 cards and we wish to determine the probability of selecting two aces. The first card must be an ace and then the second card must be an Ace. “And” in probability means that we will need to ________________ the results.  As well, it is important to always ask the question, “After the first card is taken, is it returned (or replaced) back in the deck or is it removed (not replaced)”?  

Solution with Card Returned to Deck (with replacement)

P (First Ace) = 


      P (Second Ace) = 


[image: image2.wmf] P(Ace and then Ace) =  

Solutions with Card NOT Returned to Deck (without replacement)

P (First Ace) =      



P (Second Ace) =   


[image: image3.wmf] P (Ace and then Ace) =

A regular six-sided die is rolled. Following this, a 10-sided die is rolled. Determine:  

a) The probability that both dice show a number greater than 4

b) The probability that neither number rolled is divisible by 3.

There are 10 red balls, 6 green balls, and 4 blue balls in a hat. Two balls are selected from the hat. The first ball is NOT returned to the hat.

Determine the probability that:

a) Both balls are red.

b) Neither ball is red.

c) Both balls are the same colour.

Independent Events
Activity One:

1) Toss a penny and a nickel at the same time.

2) Record the results in a chart similar to the one provided below.

	[image: image7.wmf]Outcome

Penny      Nickel
	Tally
	Frequency

	
	
	

	
	
	

	
	
	

	
	
	










Total:             20

3) Repeat steps one and two for a total of 20 trials.

Questions:
1) Calculate the experimental probability of each outcome using the formula:

PE(Event) = number of times desired outcome occurs

                    number of times experiment was repeated

a)  PE(HPHN) = 



b) PE(HPTN) = 

c)  PE(TPHN) = 



d) PE(TPTN) = 

5) How do your results compare to the theoretical probability of each outcome?

Note:  When two coins are tossed simultaneously, the outcome for one coin has no effect on the outcome for the other.  The events are said to be independent of each other.

Eg)  A coin is tossed and a die is rolled at the same time.  What is the probability of getting a `tail’ and a `4’?

Activity Two:

Shuffle a standard deck of 52 playing cards.  Count out 20 cards without looking at them. Using these 20 cards complete the following. Keep this pile of cards until you have finished the activity.

Shuffle the cards well and draw one card.  Record the suit in the chart below.  Replace the card. Repeat this process until you have recorded a total of 40 draws.

	Suit
	Tally
	Frequency

	Club
	
	

	Diamond
	
	

	Heart
	
	

	Spade
	
	








     Total:                      40

2) Calculate the experimental probability of each outcome.

a)  PE(C)=




b) PE(D) = 

c) PE(H) =




d) PE(S) = 

3) Look at your 20 cards and count the number of cards in each suit.

No. of Hearts:__________
No. of Spades: ____________

No. of Clubs: __________
No. of Diamonds: _________

4)  Determine the theoretical probability of each outcome.

a)  P(C)=




b) P(D) = 

c) P(H) =




d) P(S) = 

5) How do these theoretical probabilities compare with the experimental probabilities?

Dependent Events
1) Place two green links and two yellow links in a bag.

2) Remove one link, observe and record the colour.

3) Without replacing the link, remove a second link and observe and record the colour.

4) Return both links to the bag.

5) Repeat steps (1) to (4) for a total of 30 trials.

6) Summarize your results in a chart similar to the one below.

	Outcome
	Tally
	Frequency

	
	
	

	
	
	

	
	
	

	
	
	









Total:                        30

7) Calculate the experimental probability of each outcome using the formula:

PE(Event) = number of times desired outcome occurs

                    number of times experiment was repeated

a)  PE(GG) = 



b) PE(GY) = 

c)  PE(YG) = 



d) PE(YY) = 

Questions:
1) Predict the probability of picking a green link first.

2) If you pick a green link first, what links remain in the bag?

3) If you pick a green link first and do not return it to the bag, predict the probability of the second link you pick being

a)  green




b) yellow

4) Predict the following probabilities. Assume the first link you choose is not returned to the bag.

a) P(green then yellow) =


b) P(yellow then green) = 

c) P(two greens) = 



d) P(two yellows) =

5) Compare your predictions from question (4) with the results of the experiment found in (7).

Note:  If the outcome of one event influences the outcome of another, the events are said to be dependent.

Eg 1) A bag holds 10 white balls and 15 red balls.  What is the probability of drawing a white ball then a red ball if you do not return the first one to the bag?

Eg 2) There are 3 dimes and 2 nickels in a bag.  What is the probability of picking in 2 picks…

a) 2 dimes if you replace the coin you picked first?

b) 2 dimes if you do not replace the coin you picked first?

c) 2 nickels if you replace the coin you picked first?

Eg 3)  A bag contains 5 red, 3 blue, and 2 green marbles.  What are the probabilities of drawing the following without replacement?

a) a red marble then a blue marble?

b) a green marble then a blue marble?

c) 2 red marbles?

d) 2 green marbles?

Odds

What does someone mean when they say that the ODDS are that you will pass math this year? 

In probability, ODDS is a ratio comparing failure with success. 

Odds against an event = failure: success

Odds in favour of an event = success: failure

1. Given the spinner to the right.

a) What is the probability of spinning a one?

b) What are the odds in favour of spinning a 6?

c) What are the odds against spinning a 5?

d) What are the odds in favour of spinning a composite number?

2. If the probability of Mr. Koenka eating soup for lunch today is 
[image: image4.wmf], then the odds in favour of his having soup for lunch can be calculated as follows:  Every 3 days, Mr. Koenka has soup (on average)  _____  time(s).  He DOES NOT have soup (on average) _____ time(s).

Hence the odds in favour of soup =  

3. The odds in favour of rain tomorrow is 3: 7. What is the probability that it is going to rain?

4. If the odds against the class having a quiz is 3 : 5, then find the probability of the class having a quiz.

5. If the probability of sunshine on a day in January is 
[image: image5.wmf] and the probability of snow on a day in January is 
[image: image6.wmf], find:

a) the probability of a sunny, snowy day in January.
b)  the odds in favour of a sunny, snowy day in January.
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