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Topic: Statistical Tests for Proportions

Activity 1 : Which Tire? 

A legendary campus story tells of two students who missed an exam because they were off partying but gave as their excuse that they had a flat tire.  The professor graciously agreed to grant them a make-up exam and sent them to separate rooms to take it.  The first question, worth five points, was an easy one.  On the back page the second question, worth ninety-five points, read: “Which tire was it?”

Data Collection:

(a) Suppose that you were caught in this lie and had to make up an answer on the spot.  Check which tire would you say:

left front ______
left rear ______
right front ______
right rear ______

(b) Record the number of responses for each tire given by the entire class:

	left front
	left rear
	right front
	right rear

	
	
	
	


Stating Hypotheses:

I will make a prediction about a certain one of these tires.

(c) Let p represent the proportion of all MTSU students who would respond this tire when asked  this question.  Is p a parameter or a statistic?  Explain.

(d) If students were equally likely to respond with any of these tires, what value would p have?

(e) Let the random variable X = number of students in this class who responded this tire.  Assuming that each student is equally likely to respond with any tire, what probability distribution would X have?  Specify the parameters of this distribution as well as the name.

(f) What proportion of students in this class responded this tire?  Is this a parameter or a statistic?  What symbol is used to denote it?

Before collecting any data, I conjectured that people would answer this tire more often than equal likeliness would suggest, i.e., that p > 1/4.

(g) Is the sample result in the direction that I predicted?

(h) Even if the answer to (g) is yes, is it still possible that p is really equal to 1/4?  Explain.

The question of statistical significance asks how likely it would be to obtain such an extreme sample result if in fact “right front” were equally likely with the other responses.  We can approximate this probability by simulation or calculate it exactly using the binomial distribution.

Simulation Analysis:

(i) Use Minitab (Calc > Random Data > Binomial) to simulate 1000 samples with the same sample size as our class result, under the assumption that p=1/4.  Store the simulated number who answer “right front” in c1.  Produce a histogram of the simulated results (hist c1), and calculate descriptive statistics (desc c1).  Write a few sentences describing the distribution, remembering to comment on shape, center, and spread.

(j) Count how many and what proportion of the simulated samples are as extreme as the sample data.  Is this proportion small enough to suggest that p is actually greater than 1/4 (i.e., that more than 1/4 of all MTSU students would answer “right front”)?  Explain.

Exact Probability Analysis:

(k) Use Minitab to (Calc > Probability Distributions > Binomial) to calculate the exact probability of getting a result as extreme as the class sample if in fact p=1/4.  [Hints: Ask for a cumulative probability, and remember that P(X>k) = 1-P(X<k-1) for the binomial distribution.]  Is this probability close to your simulation finding?

Recall that this probability of obtaining a result as extreme as in your sample, assuming that p=1/4, is called the p-value for testing the hypotheses p=1/4 vs. p>1/4.  A small p-value indicates that the sample data are unlikely to occur by chance alone if p=1/4 and therefore provides evidence that p>1/4.

(l) Confirm your calculations by asking Minitab to perform this test directly: Stat > Basic Statistics > One Proportion, click on “Summarized Data,” enter the number of trials and successes, click on “Options” and change the test proportion to .25 and the alternative to “greater than.”  Record the exact p-value that Minitab reports.

(m) State and explain your conclusion about whether the class sample data support my hypothesis that MTSU students pick the right front tire more than 1/4 of the time.

Activity 2: Baseball “Big Bang”

A reader wrote in to the “Ask Marilyn” column in Parade magazine to say that his grandfather told him that in 3/4 of all baseball games, the winning team scores more runs in one inning than the losing team scores in the entire game.  (This phenomenon is known as a “big bang.”)  Marilyn responded that this proportion seemed to be too high to be believable.  Let p be the proportion of all Major League baseball games in which a big bang occurs.

(a) State the grandfather's assertion in terms of p.

(b) Indicate what Marilyn asserted about the value of p.

To investigate the grandfather’s claim, I examined a sample of 190 Major League baseball games played on July 26- August 8, 1999.  Let the random variable X denote the number of these games that resulted in a big bang.

(c) If the grandfather’s assertion were true, what type of probability distribution would X have?  [Specify the values of the parameters as well as the name of the distribution.]

(d) Determine the mean, variance, and standard deviation of the random variable X, assuming the grandfather’s assertion to be true.

(e) Is it valid to use the normal approximation to the binomial distribution in this situation?  Explain.

Of those 190 games played on July 26- August 8, 1999, 98 of them contained a big bang.

(f) Use the normal approximation to determine the probability of getting so few “big bang” games if the grandfather’s assertion were true.  [Hints: Standardize the value 98 by subtracting the mean and dividing by the standard deviation you found in (d).  Then use the table of standard normal probabilities or Minitab’s Calc > Probability Distributions > Normal.]

(g) Verify your calculation by using Minitab’s One-Proportion Test but with the normal approximation.

(h) Based on this p-value, what do you conclude about the grandfather’s claim?  Explain how your conclusion follows from the p-value.

Marilyn suggested that one-half of all Major League baseball games have a big bang; i.e., that p=1/2.

(i) Determine the mean, variance, and standard deviation of X if Marilyn’s claim is correct.

(j) Calculate the z-score for the value 98 using the mean and standard deviation in (h).

(k) Use the table of standard normal probabilities or Minitab to determine P(Z>|z|) for the z-score that you found in (j).

(l) Summarize what this p-value leads you to conclude about whether the sample data provide evidence against Marilyn’s assertion regarding the value of p.  Explain.

Investigation 1: Effect of Sample Size

Reconsider the “which tire” situation.  Now suppose that a random sample of MTSU students reveals that 30% answer with the right front tire.  

(a) What additional information do you need to determine whether this sample proportion is large enough to provide strong evidence that more than 25% of all MTSU students would answer that way?

(b) Use Minitab’s One-Proportion Test feature (without the normal approximation) to calculate the p-value for the following sample sizes: n=50, 100, 200, 400, and 600.  [Be sure to keep the sample proportion of successes at 30% in each case, so there should be 15 successes when n=50, 30 successes when n=100, and so on.]  Report the p-values in each case. 

(c) Comment on what happens to the p-value as the sample size increases.  Explain what this means in terms of the strength of evidence that p>1/4.  Write a sentence or two explaining in plain language why this makes sense.

(d) Repeat (b), now using the normal approximation of the One-Proportion Test to calculate the p-values.  Report these p-values alongside the exact binomial ones.  Comment on how the accuracy of the normal approximation changes as the sample size increases.

Investigation 2: More on Baseball’s Big Bang
Statistician Hal Stern examined all 968 baseball games played in the National League in1986 and found that 419 of them contained a big bang.  

(a) Use the normal approximation to determine the p-value for testing whether these sample data provide evidence against Marilyn’s claim that p=1/2.  Report the z-score and the p-value; summarize and explain your conclusion.

(b) If one redefines “big bang” to mean that the winning team scores at least as many (instead of more) runs in one inning as the losing team scores in the entire game, then 651 of those 968 games contained a big bang.  Re-test the grandfather's assertion that p=.75 based on these data and this definition, using the normal approximation. Report the z-score and the p-value; summarize and explain your conclusion.
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