PA551

Professor Stipak

Statistical Problems for PA551

Answers to problems are given in parentheses.

Normal Distribution Problems:
1. A civil service exam is administered to a new group of 100 job applicants.  By past experience the mean for new applicants is 65 and the standard deviation is 10, with an approximately normal distribution.  a) About what percent of the new job applicants would you expect to pass the minimum qualification standard of 55?  b) About how high a score is required to score in the top 10%?  (84%, 78)

2. Professor Meanie teaches classes in the PSU MPA program and says that he “grades on the curve” based on a final comprehensive exam.  He explains that he assigns grades so that 15% get A’s, 30% B’s, 35% C’s, 15% D’s, and 5% F’s.  If the exam scores are approximately normally distributed with a mean of 65 and a standard deviation of 10 what approximate cutoff scores should Professor Meanie use for assigning grades?  (49, 57, 66, 75)

Sampling Distribution Problems, for Means:

3. A population of men has a mean height of 69 inches and a standard deviation of 3.22 inches.  If you draw a random sample of 10 men, what is the chance that the sample mean will be within 1 inch of the population mean? (z=.98, prob=.673)

4. A large college class has normally distributed test scores with a mean of 72 and a standard deviation of 9.  a) What is the probability that an individual student chosen at random will have a score over 80?  b) What is the probability that a random sample of 10 students will have a mean score over 80?  (z=.89, prob=.187; z=2.81, prob=.002)

5. A population has a mean of 100 and a standard deviation of 20.  a) What is the probability of an individual case having a value of 110 or higher?  b) What is the probability of a random sample of 25 having a sample mean greater than 110?  (z=.5, prob=.309; z=2.5, prob=.0062)

6. Are PSU MPA students wealthier than average?  You know that the mean income of Portlanders is $24,000, with a standard deviation of $5,000.  A random sample of 25 PSU MPA students have a mean income of $27,000.  What is the probability of getting a sample mean this large by chance?  (z=3, prob=.00135)

7. A machine for filling one-pound packages fills them with a mean content weight of 16.2 ounces, with a standard deviation of .12.  An inspector randomly samples packages, and issues a fine if the mean weight is less than 16 ounces.  What is the probability of a fine if the inspector samples a) 1 package?  b) 4 packages?  c) 16 package?  (z=-1.67, prob=.0475; z=‑3.33, prob<.001, z=-6.67, prob<.0001).

Sampling Distribution Problems, for Proportions:

8. A population of voters is 60% Republican and 40% Democrat.  What is the probability that a poll of a random sample of 100 voters will contain a majority of Republicans?  (=-2.04, prob=.9793)

9. Ninety percent of items manufactured at a factory meet specifications.  You sample 100 items at random, and only 85% meet specifications.   How likely is it to get a sample of items this bad (or worse) by chance?  (z=-1.67, prob=.0475)

10. Thirty percent of the offender population incarcerated in a county jail have traditionally been under 21 years old.  The sheriff notes that of the 228 offenders held at the jail so far this year 112 have been under 21 years old.  The sheriff thinks this indicates a trend towards younger offenders but the district attorney says it is probably just to “statistical fluctuation”.  How likely is an offender sample composed this much of under 21 offenders to occur by chance?  (z=6.3, prob<.0001)

Confidence Interval Problems, Means, Z (large sample, or ( known):

11. You are a personnel analyst studying time lost to illnesses in a large organization.  You randomly sample data on 900 absences from work due to illnesses.  You find the average length of absence is 4.62 days with a standard deviation of 1.2.  Construct a 95% confidence interval for the mean length of absence.  Construct a 99% confidence interval.  (4.62 +/- .08, 4.62 +/- .1)

12. A survey of 180 people found that the average number of hamburgers people ate during the  past week was 2.82, with a standard deviation of .48.  Determine the 95% confidence interval.  (2.82 +/- .07)

13. You randomly sample 100 accounts in a large firm, and find that the mean balance due is $74 with a standard deviation of $86.  Determine the 95% confidence interval for the average balance due.  (74 +/- 16.9)

14. A random survey of 225 colleges found a mean enrolment of 3700, with a standard deviation of 6000.  Construct a 95% confidence interval for the mean enrolment.  (3700 +/- 784)

15. The Internal Revenue Service sampled 200 tax returns and found that the average tax refund was $425.39 with a standard deviation of $107.10.  Construct a 99% confidence interval for the mean tax refund.  (425.39 +/- 19.54)

Confidence Interval Problems, Proportions

16. A Gallup poll of 1000 people found 40% in favor of candidate A.  Construct a 95% confidence interval.  A 90% confidence interval.  (.4 +/- .030, .4 +/- .025)

17. A random sample of 200 tires found that 20 tires did not meet specifications.  Construct a 95% confidence interval for the proportion not meeting specifications.  (.1 +/- .042)

18. A poll of 1500 voters found that 52% were in favor of Ballot Measure 7.  Construct a 95% confidence interval for the proportion in favor.  (.52 +/- .025)

Confidence Interval Problems, Means, t (small sample, n(30, & ( not known):

19. To determine the average age of its customers, a company took a random sample of 25 and found an average age of 36 with a standard deviation of 8.  Construct a 95% confidence interval.  (36 +/- 3.3)

20. A random sample of 4 grades from a large class has a mean of 74 and a standard deviation of 11.5.  Construct a 95% confidence interval for the average grade.  (74 +/- 18)

21. A real estate agency wants to estimate the average selling price of houses in an area, and finds from a random sample of 14 sales an average price of $148,000 with a standard deviation of $62,000.  Construct a 95% confidence interval.  (148,000 +/- 35,792)

Required Sample Size Problems

22. You need to estimate the average income of a population of potential welfare recipients, and need an accuracy of within $300 (at the 95% confidence level).  You know from past data that the standard deviation of income for this population is about 2000.  How large a sample do you need?  (171)

23. You are planning to conduct a citizen survey for your city.  You want an accuracy of +/- 5% in asking citizens questions about whether they feel the city should undertake different types of programs.  How large a sample do you need to have that level of accuracy (Assume you know nothing about what the true percentage is for citizen support for these proposed programs).  (384)

Hypothesis Testing Problems, Means, Z (large sample, or ( known):

24. Student mean reading achievement scores under an old education program have been 88 with a standard deviation of 20.  A new reading program is implemented with the goal of increasing student reading scores.  Data from a preliminary group of 100 students taught using the new approach shows a mean of 95.  Can we confidently conclude (.01 level) that reading scores on average are higher under the new approach?  (z=3.5, reject, conclude mean achievement scores is higher)

25. Police department records in a small city show that average response time for all calls is 7 min. 30 sec., with a standard deviation of 1 min. 15 sec.  In an attempt to cut costs, the city manager decided to contract out radio dispatch to a private firm.  After one month under the new system there have been 81 calls with a mean response time of 7 min. 54 sec.  The police chief has bitterly complained to the city council that the new system has lowered performance (increased response time).  The city manager argues that the higher average response time for the first month is probably just due to “statistical fluctuation”.  The council hires you as an impartial consultant to assess the evidence.  (z=2.88, reject .01 level, conclude average response time is greater)

26. A long-running manufacturing process produces light bulbs with a mean life of 1200 hours and a standard deviation of 300.  A new manufacturing process has produced a sample of 100 light bulbs with a mean life of 1265.  Can we confidently conclude that the new process produces on average longer-life bulbs? (z=2.17, reject .05 level, do not reject .01 level)

27. The average number of traffic accidents per 10 miles of state highway had been 42.  New data this year from a sample of 144 stretches of roadway shows a mean of 38 accidents per 10 miles with a standard deviation of 24.  Is this a statistically significant decrease (.05 level) in the accident rate?  Is this a statistically significant decrease (.01 level) in the accident rate?  (z=-2; reject, yes it is statistically significant, .05 level; do not reject, no it is not statistically significant, .01 level)

28. The mean annual income of assembly-line workers in a certain plant is $47,000 with a standard deviation of $900.  You suspect that workers with active union participation will have higher than average incomes.  You get data from a sample of 85 active union members, obtaining a mean of $47,200.  Can you say that active union members have statistically significantly higher incomes at the .01 level?  At the .05 level?  (z=2.05; do not reject, not significant, .01 level; reject, statistically significant, .05 level)

Hypothesis Testing Problems, Means, t (small sample, n(30, & ( not known):

29. A rope manufacturer claims a mean breaking strength of 8000 lbs.  You test 6 ropes and find a mean of 7750 with a standard deviation of 145.  Can you confidently conclude the manufacturer's claim is false (.05 level)? (t=-4.2, reject)

30. The traffic engineer of a large city wants to know whether a new traffic control system is working according to how his traffic flow model predicted.  According to the model, the mean elapsed time between cars during non-rush hours on a particular expressway should be 11.8 seconds.  He observes traffic on that expressway, and finds a mean of 10.4 seconds and a standard deviation of 3.6 seconds, for 24 cases.  Can we conclude (.05 level) that the traffic model is incorrect? (t=-1.91, do not reject)

31. The director of an Area Office on Aging thinks that the average number of visits made by program participants to senior centers has increased from what it had been, an average of 12/month.  Data collected from a random sample of 21 participants shows a mean of 15 visits/month with a standard deviation of 10.  Can the director confidently conclude (.05 level) from this sample data that the number of visits has increased?  (t=1.37, do not reject, no—can not conclude that)

32. Air quality monitoring of the Environmental Protection Agency found that a large Midwestern city had an annual mean level of sulfur dioxide of .12 ppm.  Anti-pollution equipment was mandated and installed at various industrial sites in order to reduce this pollution.  In 14 checks made in the next year the mean sulfur dioxide concentration was found to be .09, with a standard deviation of .04.  Can we confidently conclude (.01 level) based on this evidence that average pollution levels are now lower?  (t=-2.81, reject, can confidently conclude is now lower)

Hypothesis Testing Problems, Proportions:

33. Dr. Spock is on trial.  Of the 700 potential jurors, only 35% are female, whereas in the population the overall percentage female is 52%.  Dr. Spock's lawyer claims this disparity shows that women are somehow being systematically underrepresented in the potential jury pool, since this small a percentage of women would not happen by chance.  Evaluate this claim statistically.  (z=-9, reject at all commonly used levels)

34. A manufacturer claims that at least 95% of the equipment supplied to a factory conforms to specifications.  An examination of a sample of 200 pieces of equipment reveals that 18 fail to meet specifications.  Can we confidently conclude (.01 level) that the manufacturer’s claim is false? (z=-2.6, reject)

35. You have taken a poll of a sample of 200 voters and have found that of the two candidates, candidate A was favored by 54% of the sample.  Can you confidently conclude (.01 level) that A is favored by a majority of voters?  (z=1.13, do not reject, can not confidently conclude that a majority favors A)

36. Past experience of a travel agency indicated that 44% of their clients were vacationing in Europe.  During the last vacation season out of a sample of 1000 clients, 480 traveled to Europe.  Has there been a statistically significant (.01 level) upward shift in the percent of clients traveling to Europe?  (z=2.55, reject)

P-Value Problems:
37. A long-running manufacturing process produces light bulbs with a mean life of 1200 hours and a standard deviation of 300.  A new manufacturing process has produced a sample of 100 light bulbs with a mean life of 1265.  You decide to use the p-value method to evaluate the evidence that the new process produces on average longer-life bulbs.  What p-value do you compute?  Is this result statistically significant at the .1 level?  .05 level?  .01 level?  .001 level?  What is the exact level of significance?  (p=.015, Y, Y, N, N, .015)

38. A long-running manufacturing process produces light bulbs with a mean life of 1200 hours and a standard deviation of 300.  A new manufacturing process has produced a sample of 100 light bulbs with a mean life of 1265.  You decide to use the p-value method to evaluate the evidence that the new process produces bulbs with a different average bulb life.  What p-value do you compute?  Is this result statistically significant at the .1 level?  .05 level?  .01 level?  .001 level?  What is the exact level of significance?  (p=.03, Y, Y, N, N, .03)

39. A manufacturer claims that at least 95% of the equipment supplied to a factory conforms to specifications.  An examination of a sample of 200 pieces of equipment reveals that 18 fail to meet specifications.  What is the p-value you compute for assessing whether the manufacturer’s claim is false?  Is this result statistically significant at the .1 level?  .05 level?  .01 level?  .001 level?  What is the exact level of significance?  (p=.005, Y, Y, Y, N, .005)

40. The mean annual income of assembly-line workers in a certain plant is $47,000 with a standard deviation of $900.  You suspect that workers with active union participation will have higher than average incomes.  You get data from a sample of 85 active union members, obtaining a mean of $47,200.  What is the p-value you compute to evaluate this evidence that active union members have higher incomes. Is this result statistically significant at the .1 level?  .05 level?  .01 level?  .001 level?  What is the exact level of significance?  (p=.02, Y, Y, N, N, .02)

41. Past experience of a travel agency indicated that 44% of their clients were vacationing in Europe.  During the last vacation season out of a sample of 1000 clients, 480 traveled to Europe.  What is the p-value you compute to evaluate whether there been an upward shift in the percent of clients traveling to Europe?  Is this result statistically significant at the .1 level?  .05 level?  .01 level?  .001 level?  What is the exact level of significance?  (p=.005, Y, Y, Y, N, .005)

For further practice work additional hypothesis testing problems that use the normal distribution (means, large samples; proportions), as p-value problems.  For each problem calculate and give the p-value.  Then relate the result to classic hypothesis testing by stating whether this result is statistically significant at the .1, .05, and the .01 levels.  Then state what is the exact level of statistical significance.

T-Test for Difference in Means, Using SPSS Output:

42. You use SPSS to do a t-test for the difference in the mean MPG of European automobiles compared to the mean MPG of Japanese automobiles, for the purpose of investigating whether Japanese cars get better gas mileage than European cars:
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a) What is the p-value for your test?

b) Is the difference in means statistically significant at the .05 level?

c) Is the difference in means statistically significant at the .01 level?

d) What is the probability of getting a difference in means this large or larger by chance?

Answers: We will go over this in class.

Test for Difference in Proportions

43. You are performance auditor investigating possible disparities in street maintenance in inner SE Portland compared to outer SE Portland, in response to complaints that outer SE is receiving lower quality service. 22% of the sample of streets from inner SE had did not meet current maintenance standards, compared to 25% of the sample of streets from outer SE. You calculate the z statistic for the difference in proportions and find z = -1.34.

a. What is the p-value for the difference in proportions? (.09)

b. Write a sentence explaining the meaning of that p-value.

c. Is the difference statistically significant at the .1 level? (Y)

d. Is the difference statistically significant at the .05 level? (N)

e. Is the difference statistically significant at the .01 level? (N)

f. Is the difference statistically significant at the .001 level? (N)

g. What is the exact significance level? (.09)

Relating Confidence Intervals and Hypothesis Tests
44. A 90% confidence interval for the mean achievement test scores for students at a school is 134 +/- 16; the 95% confidence interval is 134 +/- 20; the 99% confidence interval is 134 +/- 26. You want to do a two-tail test of the null hypothesis that the mean is 155.

a. Will the test at the .1 level be statistically significant? (Y)

b. Will the test at the .05 level be statistically significant? (Y)

c. Will the test at the .01 level be statistically significant? (N)

45. A 90% confidence interval for the difference in mean achievement test scores for students from two difference schools is 25 +/- 16; the 95% confidence interval is 25 +/- 20; the 99% confidence interval is 25 +/- 26. You want to do a two-tail test of the difference in means.

a. Will the test at the .1 level be statistically significant? (Y)

b. Will the test at the .05 level be statistically significant? (Y)

c. Will the test at the .01 level be statistically significant? (N)
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