Probability Definitions and Terms
Teacher Resource

Probability and statistics constitute the area of mathematics that is most commonly used (and misused) in everyday life.  Together they determine how insurance companies set their rates, how brokers make investment decisions, how casinos reap their profits and how laboratories test experimental drugs.  When a baseball manager sends in a left-handed pinch hitter, he is playing the law of averages – using statistics to give the team the best chance of coming out ahead. 
	Law of Large Numbers
	(law of averages) law that tells you there is a fifty-fifty chance of winning a coin toss.



Both probability and statistics employ some technical language, and it is crucial to examine such language closely.  When properly used, statistics can clearly summarize complex information; when improperly used it can bolster a weak argument or create a false impression.  As Mark Twain wrote in his diary, “There are three kinds of lies: lies, damned lies and statistics.”
	Statistics
	the branch of mathematics that deals with collecting, analyzing, organizing, interpreting and presenting numerical data.  Part of its purpose is to summarize what has happened in order to predict what will or might happen.  In this way statistics is closely connected with probability.

	Probability 
	the study of chance and the mathematical measure of the likelihood of an event happening.  It is useful in predicting outcomes of a future event.

Numbers between 0 and 1 measure the likelihood of an event.  A probability of 0 indicates that the event will not happen and a probability of 1 indicates that the event is certain to happen.


Coin Example Carlos has been collecting coins in a jar.  One evening he counts his coins and finds: 10 quarters, 15 dimes and 25 nickels.  Removing a coin from the jar is an example of an event.  There would be 50 ways for an event (removal of a coin) to occur.  Each occurrence is referred to as an outcome.  For example, removing any one of the fifty coins is an outcome.  Suppose Carlos reaches into the jar and removes a coin without looking.  The outcome of removing a quarter is called a favorable outcome.  Since there are 10 quarters in the jar of 50 coins, the chance of the favorable outcome occurring is 10 out of 50 or 20%.  When Carlos reaches into the jar and removes a coin without looking, he is randomly selecting a coin.  A random selection means that all coins are equally likely to be selected.  Whenever all the outcomes are equally likely, the probability is called theoretical probability.

	Outcome
	one of the possible results


	Event
	some combination of possible outcomes in one experiment trial


	Favorable outcome
	a particular outcome



	Probability of a Favorable Outcome
	 “First Principle of Probability” or odds of an event.  To find a basic probability with all outcomes equally likely, we use a fraction.

             Number of Favorable Outcomes / Total Number of Possible Outcomes
  

	Notation
	P(event) = the probability of the event occurring 


	Theoretical Probability
	The probability of an event occurring based on logical analysis of the situation or the laws of probability (flipping a coin, rolling dice).

P(E)  =    Number of favorable outcomes
                Number of possible outcomes 


	Frequency
	number of times a result happens



	Relative frequency
	ratio of frequency of the outcome to the number of trials
                Number of observed occurrences of the event

                                   Total number of trials


Coin Example Conduct an experiment with a penny using 20 trials.  Toss the penny 20 times, record on a chart how the coin comes up each time – heads or tails.  Continue tossing. Can you guess your results? This shows how to find the experimental probability of an event by collecting data and evaluating the data to predict the outcome of a specific event.  Usually, a large number of trials are observed and counted.
A researcher studies fish in a stream.  He studies 100 fish and finds 30 of them have high mercury levels in their blood.  He concludes that if he pulls another fish there is a 3/10 experimental probability that the fish will have high mercury levels.

	Experiment
	controlled study whose outcome is uncertain but not entirely unknown


	Trial
	every time the observer records the result of an experiment


	Experimental Probability
	The probability of an event occurring based on experiments and research generated through data collection. Sample data or observations are used to estimate the probability of a specific event occurring. 
P(E)   =   Number of times the event happens


Total number of tries




Dice Example Let's say that you want to flip a coin and roll a die. There are 2 ways that you can flip a coin and 6 ways that you can roll a die. There are then 2 x 6 = 12 ways that you can flip a coin and roll a die.  If you want to hit one note on a piano and play one string on a banjo, then there are 88 x 5 = 440 ways to do both.  If you want to draw 2 cards from a standard deck of 52 cards without replacing them, then there are 52 ways to draw the first and 51 ways to draw the second, so there are a total of 52 x 51 = 2652 ways to draw the two cards.
	Fundamental Counting Principle
	to find the number of ways to make successive choices in a series of different categories, multiply together the number of choices in each category; the guiding rule for finding the number of ways to accomplish two tasks.  If there are m ways to do one thing, and n ways to do another, then there are m x n ways of doing both. 


Marble Example Margo has a bag that contains two red marbles, a blue marble and a green marble.  She draws one marble at random from the bag.  She replaces the marble and draws another marble from the bag.  The probability that Margo removes a red marble on her first draw is ½.  Since she replace the marble, the probability of removing a red marble on the second draw is still ½.  This is an example of events that are independent.  The two events are independent -- the outcome of the first event does not affect the second event.  Suppose Margo does not replace the first marble before she draws a second marble.  If Margo removed a red marble on the first draw there are 3 marbles left and only one of them is red.  On the second draw, the probability that Margo will draw a red marble is 1/3.  This is an example of events that are dependent.  Two events A and B are dependent when the first event A affects the probability of the second event B.  If B follows A, then the probability of B occurring is written P(B|A) and is read, “the probability of B given that A has occurred.”

	Independent Events
	When an experiment is made of several trials, the outcome of one trial has no effect on the outcome of any other.   To calculate the probability that two or more independent events will occur, multiply their probabilities.  The probability of three heads in a row is ½ x ½ x ½ = 1/8. 
Probability of Independent Events        P(A and B) = P(A) x P(B)



	Dependent Events
	The probability of drawing consecutively 2 kings out of a deck of cards.  The probability of the second event is dependent on what happened in the first event.  For example, if a king is drawn from a deck of cards (4/52), the probability of drawing a second king will be dependent on drawing the first king (3/51).
Probability of Dependent Events       P(A and B) = P(A) x P(B|A)



	Mutually exclusive
	In two or more events, if no two of them can possibly happen in the same trial.  When picking one card from a deck, it is impossible to pick a card that is both a spade and a club.


	Probability of Consecutive Events
	To find the probability of two events happening in succession, (one after another), multiply the probabilities of each.
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