Activity #7: Binomial Distribution (and a chance for 1,000,000 extra credit points)

Situation: Suppose a statistics student forgets to study for a multiple-choice quiz (a purely hypothetical situation). Since the
student doesnOt understand the mateal, the student must randomly guess the correct answer to each item (from
four possible choices). The student needs to answer half the items correctly to pass the quiz.

1) If the student needs 50% to pass, do you think the student is more likely to pass a 4-item or a 10-item quiz? Why?

You will now take a 4-item quiz and a 10-item quiz on which you must randomly guess the correct answers.
Record the class results for the 4-item quiz in the following table

# correct 0 1 2 3 4 Total

# students

Proportion

2) Did more students pass the 4-item or the 10-item quiz?

3) Is the number of items answered correctly a discrete or a continuous random variable? Is each outcome equally likely? Is your
score on each item a discrete or continuous random variable? WhatOs the probability of each possible outcome for each item?

4) Calculate the expected value and variance of your score on each item.



A Bernoulli random variable is a random variable that can take one of two possible values (0/1; alive/dead; success/fail)
The probability of success for a Bernoulli random variable is defined asP(X = 1) =p

5) LetOs see if we can generalize our calculations from the previous question. Suppose we have a Bernoulli random veable with
probability of success p. What are the expected value and variance of this random variable?

6) If the items on this quiz are independent, the quiz was simply a series of independent Bernoulli trials in which p = 0.25. How many
possible outcomes can we get from our 4-item quiz? List this sample space.

7) In the last question, we assumed the items were independent. Is this a reasonable assumption? Are items on a real class quiz
independent of one another? What does independence mean?

8) Look at the sample space you listen in question 6. Are each of those outcomes equally likely to occur? Explain.

9) In how many ways can we answer 0 or 4 items correctly? Calculate the probability of getting O or 4 answers correct. Why couldnOt
we just look at our sample space to answer this question?



10) In how many ways can we answer 1 item out of 4 correctly? WhatOs the probability of getting each of those outcomes? WhatOs the
probability of answering 1 item correctly on this quiz?

11) In how many ways can we answer 2 items out of 4 correctly? WhatOs the probability of getting each of those outcomes? WhatOs
the probability of answering 2 items correctly on this quiz?

Binomial Distribution

If we have a series of n independent Bernoulli trials (X, Xz, E, X ) with each trial having constant probability of success p,
then the random variable X = X; + X2 + E + X , has a Binomial distribution.

Conditions: An experiment with exactly two outcomes is performed n times (each trial is independent)
The probability of success on each trial is p; the probability of failureisq=1D p
We are interested in random variable X = the number of successes inthe n trials

Distribution: X ~ bin(n, p) Expected Value: E(X) = np Variance: Var(X) = np(1-p)

X

n n-
Probability Mass Function: P(X =X) = (X) px(l— p)

12) Using the pmf, complete the probability model for the 4-item quiz. Verify that the pmf is valid (all positive; sum to 1.0)

P(x) 0.316 0.422 0.004

13) WhatOs the probability that a randomly selected student will pass this quiz? What is the expected number of correct answers?



14) How would you find the probability that a student would pass the 10-question quiz? Use your calculator (or table in a book) to
calculate this probability.

Binomial Distribution on TI -82/3/4. Press the DISTR button (above the VARS button). Select either binomcdf or binompdf

You then enter binomcdf(n,p,x) where n = number of trials, p = probability of success, x = number of successes

15) A basketball player has an 80% chance of making a free throw. WhatOs the probability that he makes at least 9 out of 10 free
throws? Verify that the conditions for a binomial distribution have been met.

16) WhatOs the prohbility of rolling three or more 60s in five tosses of a die?

17) Suppose 10% of the population is left-handed. How many left-handed students do we have in this class? WhatOs the probability of
seeing at least this many left-handed students in a class of this size?

QUESTION: Write and answer your own binomial distribution question.



Derivation of the Expected Value of a Binomial Random Variable

Recal: E(X) = E XP(X)
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Each thing on the right of the summation is a binomial probability with parameters N-1 and p

Since the sum of these probabilities must be 1.0,

E(bin) = Np



