Activity 1:  Binomial Probability Experiments








A binomial probability experiment is a probability experiment that has the following properties:





	i.	The experiment consists of a finite number n of identical trials.





	ii.	Each trial results in one of two outcomes.  These are usually referred to as success and failure.





	iii.	The probability  p  of success on a single trial remains the same from trial to trial.





	iv.	The trials are independent (e.g., the outcome of one trial does not affect the outcome of any other trial).





	v.	The number of successes obtained in the  n  trials is the item being analyzed.








1.	Determine which of the following represent binomial probability experiments.  Explain your conclusion in each case by discussing whether or not each of the five properties listed above is present.  If a binomial experiment is described, identify the values of  n (the number of trials) and  p  (the probability of success).





	a.	Abe and Beth play tennis often.  Beth wins, on average, 2 out of every 3 games.  What is the probability that she wins exactly 5 of the next 6 games?  





























	b.	A multiple choice exam has four choices for each of ten questions.  If you guess, what is the probability that you get exactly 5 correct answers for the first 6 questions?
































	c.	A jar contains three red and two white balls.  Two balls are randomly selected one at a time without replacement from the jar.  What is the probability that two red balls are chosen?





























	d.	A jar contains three red and two white balls.  Two balls are randomly selected one at a time with replacement (i.e., the first ball was selected, observed, and returned to the jar before selecting the second ball).  What is the probability that two red balls are chosen?





























2.	If you know the probability of success in a trial of a binomial experiment, how do you find the probability of failure?  Explain.
































3.	Consider the problem described in (1a).  Abe and Beth play tennis often.  Beth wins, on average, 2 out of every 3 games.  What is the probability that she wins exactly 5 of the next 6 games?  





	Approximate a solution to (a) with simulation on the TI82.  This requires a model with a sample space that has an event with a probability of  2/3.  Using the approach of the previous unit in the problem of rain on a two-day hike, let  S = {0,1,2}.  A "tennis game" corresponds to randomly selecting an element of  S.  Beth "wins" if  0  or  1  is selected.  Beth "loses" if  2  is selected.





	Using the TI82, enter the function INT(3*RAND) and press ENTER a few times to make sure it works.  It should randomly generate numbers from {0, 1, 2}.  A success (Beth wins) is represented by    0  or  1.  Beth loses (failure) if  2  comes up.  





	One repetition of the complete experiment consist of six "trials" or "games" (i.e. six presses of the ENTER key).  Try 40 repetitions.
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	Use the data in the table to approximate the probability that Beth wins exactly five of the six games.  Show how you calculate the approximation.








�
4.	A nickel has been bent so that the probability of the coin landing heads up (H) on one toss is 0.6.  The nickel is tossed five times.





	a.	If  p = Prob (H) = 0.6  and  T  represents the event of the coin landing tails up on one toss, what is Prob (T)?  Explain.

















	b.	Think of two tosses of this coin.  Let   H1  be the event that the coin lands heads up on the first toss, and  T2   the event the coin lands tails up on the second toss.  





		Does the outcome of the first toss influence the outcome of the second toss?  ____





			Prob(H1) = _______		Prob(T2) = _______





		Recalling the results of Activity 3 in the unit Fundamentals of Probability, how may   Prob(H1 1 T2)  be calculated using  Prob(H1)  and  Prob(T2)?




















		What is the value of   Prob(H1 1 T2) ?














	c.	Remembering that successive trials (tosses) are independent, find the probabilities of each of the following events, each representing one possible outcome of five tosses.  In each case, show your calculation.





		i.	(H,H,T,H,T)  (where this represents the event of the coin landing H on the first, H on the second, T on the third, H on the fourth, and T on the fifth toss)














		ii.	(H,T,H,H,T)


		














	d.	What is the probability of any 5-tuple with 3 H's and 2 T's?  Explain your reasoning.  


























	e.	From the triangle you computed in the unit Sets and Counting (Pascal's Triangle), how many 5-tuples exist with exactly 3 H's and 2 T's?  (This number is denoted 5C3.  Check it with the TI82.)














	f.	What is the probability of exactly 3 heads in 5 tosses of the bent nickel?  Explain your reasoning.




















	g.	If the probability of success on one trial is represented by a variable  p, express the probability of 3 successes in 5 trials in terms of  p  and an appropriate number of combinations.




















	h.	If the probability of success on one trial is represented by a variable  p, express the probability of  r  successes in  n  trials in terms of  p.



































5.	Return to the problem in (1a).  Abe and Beth play tennis often.  Beth wins, on average, 2 out of every 3 games.  What is the probability that she wins exactly 5 of the next 6 games?  


	


	Use your conclusion in (4g) to find the theoretical solution to this problem.  How does your solution compare to your approximation that was obtained with a simulation?


























6.	Return to the problem in (1b).  A multiple choice exam has four choices for each of ten questions.  If you guess, what is the probability that you get exactly 5 correct answers for the first 6 questions?





	Use your conclusion in (4g) to find the theoretical solution to this problem.
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The Binomial Probability Distribution











