

Tree Diagram of Chuck-a-Luck Game: 
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Sample Space The sample space is an exhaustive list of all the possible outcomes of an experiment. Each possible result of such a study is represented by one and only one point in the sample space, which is usually denoted by S. For ease of calculation, we have three dice of different colors so they can be distinguished. What is the sample space for this experiment? 

Event 
An event E is any collection of outcomes of an experiment. Formally, any subset of the sample space can represent an event. . For example if we are considering the event E of obtaining exactly one 5, then the number of outcomes that have exactly one 5 form the event. The possible number of 5's for any outcome are 0,1,2,or 3.
Any event which consists of a single outcome in the sample space is called an elementary or simple event. Events which consist of more than one outcome are called compound events
Independent events are events such that the outcome of one event has no bearing on the outcome of the other event e.g. if we roll two dice, the value on one of them is unaffected by the value on the other.
Probability 
Probability provides a quantitative description of the likely occurrence of a particular event. Probability is conventionally expressed on a scale from 0 to 1; a rare event has a probability close to 0, a very common event has a probability close to 1.
In some experiments, all outcomes are equally likely. In our sample space above, all outcomes are equally likely. Choose one winner in a raffle from a hat, all raffle ticket holders are equally likely to win, that is, they have the same probability of their ticket being chosen. This is the equally-likely outcomes model and is defined to be: 

	P(E) =
	number of outcomes corresponding to event E

total number of outcomes 


For example, consider one roll of a die and the event that the die comes up with 5 i.e. the event E is that the result is a 5. Then



	.  If  is the event that it is not a 5 then 
Two events are mutually exclusive if both cannot occur simultaneously. Getting an odd or an even number on the roll of a die are mutually exclusive events. Getting an odd number and getting a number greater than 3 are not. We add probabilities to get the probability of one mutually exclusive event or the other. For example, if one event is obtaining a 1 or a 2 on one roll of a die, the probability of this event is 1/3. A second event could be getting a 5 or 6 which also has probability 1/3. The probability of getting one or the other of these mutually exclusive events is 1/3+1/3 = 2/3.
We obtain the probability of two independent events both occurring by multiplying their respective probabilities. For example, if we roll two dice, the probability of obtaining a one on both dice is calculated as 1/6 times 1/6 or 1/36.  
Let X = number of 5’s showing on the 3 dice.  X = {0, 1, 2, 3}            
P(X=3) = 1/216,  P(X=2) = 15/216,  P(X=1) = 75/216, P(X=0) = 125/216 
With an experiment, we can assign a value for each outcome e.g. +1 if we win a dollar.+2 is we win 2 dollars , -1 if we lose 1 dollar. 

The expected value, EV is the result that should occur if we perform the experiment for an extended period of time but it is usually expressed in terms of a single instance which may or may not be possible to achieve.

The expected value for Chuck-a-Luck may be expressed as
EV = -$1 (125/216) + $1 (75/216) + $2 (15/216) + $3 (1/216) = -$(17/216) ≈ -$0.08 
On average, you should expect to lose approximately $0.08 each time you play a round of the game. In 100 games, one should expect to lose $8.   



A fair game is a game where the expected value is 0 i.e. you expect to be even after an extended period of time playing the game. The Chuck-a-Luck Game is not fair as we have seen. 




How might the rules of the game be changed so that it is fair? Can you see how to do it by adjusting the payouts for two 5's and/or three 5's?




 (
x 
0 
2 
3 
f(x) 
125/216 
15/216 
1/216 
Number of paths from tree diagram 
1 
3 
1 
Number of paths from Pascal’s triangle 
C(3,0) 
C(3,2) 
C(3,3) 
)Connection to Pascal’s Triangle: 

Pascal’s Triangle 
1
1  1 
1  2  1 
1  3   3  1 
1   4   6  4  1 
1  5   10  10  5  1 
1  6  15  20  15  6  1 



Pascal’s Triangle connected to number of combinations. Let C(n,x) be the number of ways you can choose x objects from a set with n objects. This is also written as  






 C(0,0) 
C(1,0) C(1,1) 
C(2,0) C(2,1) C(2,2) 
C(3,0) C(3,1) C(3,2) C(3,3) 
C(4,0) C(4,1) C(4,2) C(4,3) C(4,4) 
C(5,0) C(5,1) C(5,2) C(5,3) C(5,4) C(5,5) 
C(6,0) C(6,1) C(6,2) C(6,3) C(6,4) C(6,5) C(6,6) 
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P(X=3) = (1/6)° (5/6)°

P(X=2) = (1/6)* (5/6)'

P(X=2) = (1/6)? (5/6)'

P(X=1) = (1/6)" (5/6)*

P(X=2) = (1/6)? (5/6)'

P(X=1) = (1/6)" (5/6)°

PX=1) = (1/6)" (5/6)°

P(X=0) = (1/6)° (5/6)°
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