Statistics 1601

ASSIGNMENT 5: CHAPTER 5 (65 points)

All problems taken from Introduction to the Practice of Statistics, Fifth Edition by David S. Moore and George P. McCabe.

5.2 (6 points) In each situation below, is it reasonable to use a binomial distribution for the random variable X?  Give reasons for your answer in each case.

(a) (2 points) An auto manufacturer chooses one car from each hour’s production for a detailed quality inspection.  One variable recorded is the count X of finish defects (dimples, ripples, etc.) in the car’s paint.

ANSWER:

(b) (2 points) The pool of potential jurors for a murder case contains 100 persons chosen at random from the adult residents of a large city.  Each person in the pool is asked whether he or she opposes the death penalty; X is the number who say “Yes.”

ANSWER:

(c) (2 points) Joe buys a ticket in his state’s “Pick 3” lottery game each week; X is the number of times in a year that he wins a prize.

ANSWER:

5.11 (4 points) In 1998, Mark McGwire of the St. Louis Cardinals hit 70 home runs, a new Major League record.  Was this feat as surprising as most of us thought?  In the three seasons before 1998, McGwire hit a home run in 11.6% of his times at bat.  He went to bat 509 times in 1998.  If he continues his past performance, McGwire’s home run count in 509 times at bat has approximately the binomial distribution with n = 509 and p = 0.116.

(a) (2 points) What is the mean number of home runs McGwire will hit in 509 times at bat?

ANSWER:

(b) (2 points) What is the probability that he hits 70 or more home runs?

ANSWER:

5.17 (5 points)  The Harvard College Alcohol Study finds that 67% of college students support efforts to “crack down on underage drinking.”  The study took a sample of almost 15,000 students, so the population proportion who support a crackdown is very close to p = 0.67.  The administration of your college surveys an SRS of 100 students and finds that 62 support a crackdown on underage drinking.

(a) (1 point)  What is the sample proportion who support a crackdown on underage drinking?

ANSWER:

(b) (2 points) If in fact the proportion of all students on your campus who support a crackdown is the same as the national 67%, what is the probability that  the proportion in an SRS of 100 students is as small or smaller than the result of the administration’s sample?

ANSWER:

(c) (2 points) A writer in the student paper says that support for a crackdown is lower on your campus than nationally.  Write a short letter to the editor explaining why the survey does not support this conclusion.

ANSWER:

5.19 (9 points) In a test for ESP (extrasensory perception), the experimenter looks at cards that are hidden from the subject.  Each card contains either a star, a circle, a wave, or a square.  As the experimenter looks at each of 20 cards in turn, the subject names the shape on the card.

(a) (2 points) If a subject simply guesses the shape on each card, what is the probability of a successful guess on a single card?  Because the cards are independent, the count of successes in 20 cards has a binomial distribution.

ANSWER:

(b) (2 points) What is the probability that a subject correctly guesses at least 10 of the 20 shapes?

ANSWER:

(c) (2 points) In many repetitions of this experiment with a subject who is guessing, how many cards will the subject guess correctly on the average?  What is the standard deviation of the number of correct guesses?

ANSWER:

(d) (3 points) A standard ESP deck actually contains 25 cards.  There are five different shapes, each of which appears on 5 cards.  The subject knows that the deck has this makeup.  Is a binomial model still appropriate for the count of correct guesses in one pass through this deck?  If so, what are n and p?  If not, why not?

ANSWER:

5.20 (8 points)  A selective college would like to have an entering class of 1200 students.  Because not all students who are offered admission accept, the college admits more than 1200 students.  Past experience shows that about 70% of the students admitted will accept.  The college decides to admit 1500 students.  Assuming that students make their decisions independently, the number who accept has the B(1500, 0.7) distribution.  If this number is less than 1200, the college will admit students from its waiting list.

(a) (2 points) What are the mean and the standard deviation of the number X of students who accept?

ANSWER:

(b) (2 points) Use the normal approximation to find the probability that at least 1000 students accept.

ANSWER:

(c) (2 points) The college does not want more than 1200 students.  What is the probability that more than 1200 will accept?

ANSWER:

(d) (2 points) If the college decides to increase the number of admission offers to 1700, what is the probability that more than 1200 will accept?

ANSWER:

5.21 (9 points)  When the ESP study of Exercise 5.19 discovers a subject whose performance appears to be better than guessing, the study continues at greater length.  The experimenter looks at many cards bearing one of five shapes (star, square, circle, wave, and cross) in an order determined by random numbers.  The subject cannot see the experimenter as he looks at each card in turn, in order to avoid any possible nonverbal clues.  The answers of a subject who does not have ESP should be independent observations, each with probability 1/5 of success.  We record 1000 attempts.

(a) (2 points) What are the mean and the standard deviation of the count of successes?

ANSWER:

(b) (2 points) What are the mean and standard deviation of the proportion of successes among the 1000 attempts?

ANSWER:

(c) (2 points) What is the probability that a subject without ESP will be successful in at least 24% of 1000 attempts?

ANSWER:

(d) (3 points) The researcher considers evidence of ESP to be a proportion of successes so large that there is only probability 0.01 that a subject could do this well or better by guessing.  What proportion of successes must a subject have to meet this standard?  (Example 1.30, page 79, shows how to do a normal calculation of the type require here.)

ANSWER:
5.23 (5 points)  One way of checking the effect of undercoverage, nonresponse, and other sources of error in a sample survey is to compare the sample with known demographic facts about the population.  The 2000 census found that 23,772,494 of the 209,128,094 adults (age 18 and over) in the United States called themselves “Black or African American.”

(a) (1 point)  What is the population proportion p of blacks among American adults?

ANSWER:

(b) (2 points)  An opinion poll chooses 1500 adults at random.  What is the mean number of blacks in such samples?  (Explain the reasoning behind your calculation.)
ANSWER:

(c) (2 points) Use a normal approximation to find the probability that such a sample will contain 170 or fewer blacks.  Be sure to check that you can safely use the approximation.

ANSWER:

5.25 (8 points) Here is a simple probability model for multiple-choice tests.  Suppose that each student has probability p of correctly answering a question chosen at random from a universe of possible questions.  (A strong student has a higher p than a weak student.)  The correctness of an answer to a question is independent of the correctness of answers to other questions.  Jodi is a good student for whom p = 0.75.

(a) (2 points) Use the normal approximation to find the probability that Jodi scores 70% or lower on a 100-question test.

ANSWER:

(b) (2 points) If the test contains 250 questions, what is the probability that Jodi will score 70% or lower?

ANSWER:

(c) (2 points) How many questions must the test contain in order to reduce the standard deviation of Jodi’s proportion of correct answers to half its value for a 100-item test?

ANSWER:

(d) (2 points) Laura is a weaker student for whom p = 0.6.  Does the answer you gave in (c) for the standard deviation of Jodi’s score apply to Laura’s standard deviation also?

ANSWER:

5.37 (4 points)  Sheila’s doctor is concerned that she may suffer from gestational diabetes (high blood glucose levels during pregnancy).  There is variation both in the actual glucose level and in the blood test that measures the level.  A patient is classified as having gestational diabetes if the glucose level is above 140 milligrams per deciliter (mg/dl) one hour after a sugary drink is ingested.  Sheila’s measured glucose level one hour after ingesting the sugary drink varies according to the normal distribution with ( = 125 mg/dl and ( = 10 mg/dl.

(a) (2 points) If a single glucose measurement is made, what is the probability that Sheila is diagnosed as having gestational diabetes?

ANSWER:

(b) (2 points)  If measurements are made instead on 4 separate days and the mean result is compared with the criterion 140 mg/dl, what is the probability that Shelia is diagnosed as having gestational diabetes?

ANSWER:

5.41 (3 points) In response to the increasing weight of airline passengers, the Federal Aviation Administration in 2003 told airlines to assume that passengers average 190 pounds in the summer, including clothing and carry-on baggage.  But passengers vary: the FAA gave a mean but not a standard deviation.  A reasonable standard deviation is 35 pounds.  Weights are not normally distributed, especially when the population includes both men and women, but they are not very nonnormal.  A commuter plane carries 19 passengers.  What is the approximate probability that the total weight of the passengers exceeds 4000 pounds?  (Hint:  To apply the central limit theorem, restate the problem in terms of the mean weight.)

ANSWER:

5.43 (4 points) The distribution of annual returns on common stocks is roughly symmetric, but extreme observations are more frequent than in a normal distribution.  Because the distribution is not strongly nonnormal, the mean return over even a moderate number of years is close to normal.  Annual real returns on the Standard & Poor’s 500-Stock Index over the period of 1871 to 2004 have varied with mean 9.2% and standard deviation 20.6%.  Andrew plans to retire in 45 years and is considering investing in stocks.  What is the probability (assuming that the past pattern of variation continues) that the mean annual return on common stocks over the next 45 years will exceed 15%?  What is the probability that the mean return will be less than 5%?

ANSWER:

-------------------------------------------------------------------------------

TOTAL:__/65

