Mat 217

Exam 3 Study Guide
Exam 3 is scheduled for Weds 12/12/12, 9:00 AM, in CFA 138.  The exam will cover these sections: 5.1, 5.2, 6.1, 6.2, 6.3, 7.1, and 7.2.
Many of the exam questions will be taken directly from the reading and from the study problems I’ve assigned. You should prepare by working the practice problems below, reviewing the text examples and section summaries, solving numerous study problems from the syllabus, and working to master any concepts you're still struggling with.  As you’re studying, make use of the section summaries to make sure you are picking up the key vocabulary and concepts from each section.  
Remember to bring your calculator to the exam.  
You may create two handwritten 3-by-5 index cards of formulas and other information for use on the exam.  If there is a formula, concept, example, or calculator operation you want to be sure to remember, put the information on your cards.  
I will provide copies of table A and table D with the exam.
Practice Problems (not exhaustive of the types of questions which might appear, but good for practice)
1.  The Registrar knows every current HC student’s GPA.  He wants to know the mean current HC student GPA.  Is it reasonable for him to use the GPA data to calculate a 95% confidence interval for the mean current HC student GPA?  __________  Explain.

2.  Which is better for detecting practical significance (in addition to statistical significance):  a confidence interval, or a significance test?  ___________________  Explain.

3.  In a study of memory recall, 8 students from a large psychology class were selected at random and given 10 minutes to memorize a list of 20 nonsense words.  Each was asked to list as many of the words as he or she could remember both 1 hour and 24 hours later, as shown in the following table.

	Subject
	1
	2
	3
	4
	5
	6
	7
	8

	After 1 hour
	14
	12
	18
	7
	11
	9
	16
	15

	After 24 hours
	10
	4
	14
	6
	9
	6
	12
	12


Perform an appropriate test of significance and answer the question:  Do these data provide convincing evidence that the mean number of words recalled after 1 hour will, in general, exceed the mean number of words recalled after 24 hours?  (Hint:  These are paired data; analyze the differences.)   Write a clear, complete sentence to summarize your findings.  What do you conclude?  What assumption did you have to make about the population distribution of differences?

4.  Suppose you are testing H0: μ = 95 against Ha: μ 
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 95 based on an SRS of 12 observations from a normal population.  What values of the t statistic are statistically significant at the α = 0.01 level?  At the α = 0.05 level?  

5.  What is the exact meaning of the P-value found in a test of significance?

6.  State the null hypothesis H0 and the alternative hypothesis Ha for a significance test in the following situation:  The diameter of a spindle in a small motor is supposed to be 8 mm.  If the spindle is either too small or too large, the motor will not perform properly.  The manufacturer measures the diameter in a sample of motors to determine whether the mean diameter has moved away from the target.

· H0 (in English and in symbols):

· Ha (in English and in symbols):

7.  A student reads that a 95% confidence interval for the mean SAT math score of California high school seniors is 452 to 470.  Asked to explain the meaning of this interval, the student says, “95% of California high school seniors have SAT math scores between 452 and 470.”  Is the student correct?  ____________  Justify your answer by discussing the meaning of the confidence level for a confidence interval.
8.  A SRS of 50 HC students, 25 male and 25 female, were asked how many hours per week they typically spend outside of class on “studying” and completing class assignments.  The data were somewhat skewed to the right, with no extreme outliers.  For men, the mean was 3.25 hours with a standard deviation of 3.235 hours.  For women, the mean was 8.88 hours with a standard deviation of 6.12 hours.  Let population #1 be “male HC students,” and let population #2 be “female HC students.”

(a) In a significance test for Ha:  
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, state the null hypothesis, find the test statistic and P-value, and write a clear conclusion.  What do you learn about study habits for male HC students as compared to female HC students?  

(b) Calculate a 95% confidence interval based on the sample data, and write a clear conclusion.

9.  Do piano lessons improve the spatial-temporal reasoning of preschool children?  Neurobiological arguments suggest that this may be true.  A study designed to test this hypothesis measured the spatial-temporal reasoning of 30 preschool children before and after six months of piano lessons.  (The study also included children who took computer lessons, and a control group who continued their usual activities, but we are not concerned with those here.)  The changes in the reasoning scores (“after” minus “before”) are as follows:
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a.  Find the sample mean for these data.  _________


b.  Find the sample standard deviation.  _________


c.  Find the standard error of the mean.  __________

d.  Calculate a 95% confidence interval for the mean improvement in reasoning scores.  Show your work clearly.
e.  Can you conclude, from the information given, that piano lessons improve the spatial-temporal reasoning of preschool children?  __________  Explain.

10.  The one-sample t statistic for testing
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from a sample of n = 22 observations from a normal population has the value t = -1.573.


a.  What are the degrees of freedom for this statistic? _____


b.  What is the (approximate) P-value for this test?  ____________________  
11.  A marine biologist has data on the lengths of 44 adult male great white sharks, which he is willing to treat as an SRS from the population of all adult male great white sharks.  He uses a t test to see if the data give significant evidence that adult male great white sharks average more than 20 feet in length. 

a.  After calculating t, he finds that the P value is P = .0023.  What conclusion should he reach about great white sharks?

b.  Alternatively, suppose that he finds P = .2251.  Now what conclusion should he reach about great white sharks?

12.  The placebo effect is particularly strong in patients with Parkinson’s disease.  To understand the workings of the placebo effect, scientists made chemical measurements at a key point in the brain when patients received a placebo that they thought was an active drug and also when no treatment was given.  The same patients were measured both with and without the placebo, at different times.  The statistician will analyze the data using “matched pairs,” so she analyzes the differences (“placebo” minus “no treatment”).  She wants to set up the hypotheses to test whether there is significant evidence of a difference between “placebo” and “no treatment.”  State the appropriate hypotheses.
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13.  Does bread lose its vitamins when stored?  Two loaves of bread were prepared with flour that was fortified with a fixed amount of vitamins.  After baking, the vitamin C content of the two loaves was measured.  The loaves were then stored for three days and the vitamin C content was measured again.  The units are milligrams per hundred grams of flour (mg/100 g).  Here are the data:

	
	loaf 1
	loaf 2

	Immediately after baking
	47.62
	49.79

	Three days after baking
	21.25
	22.34


(a)  When bread is stored, does it lose vitamin C?  Perform an appropriate t test for these data.  Be sure to state any assumptions you need about the populations, your hypotheses, the test statistic with degrees of freedom, and the P-value.  State a conclusion in a clear English sentence.

(b)  Use the sample data to give a 90% confidence interval for the amount of vitamin C lost on average when bread is stored for three days.
14.  Statisticians prefer large samples.  Describe briefly the likely effect of increasing the sample size (or the number of subjects in an experiment) on each of the following:

(a) The width of a 95% confidence interval.

(b) The P-value of a significance test, when the null hypothesis is false.

(c) The variability of the sampling distribution of a sample statistic such as 
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15.  An SRS of 40 HC students, 20 male and 20 female, were asked how many hours per day they typically spend using their cell phones.  The sample data were slightly skewed to the right, and there were no outliers.  For men, the mean was 2.86 hours with a standard deviation of 1.748.  For women, the mean was 3.5 hours with a standard deviation of 2.066.  

(c) In a significance test for Ha:  
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, state the null hypothesis, find the test statistic and P-value, and write a clear conclusion.  What do you learn about cell phone usage for male HC students as compared to female HC students?  

(d) Calculate a 95% confidence interval based on the sample data, and write a clear conclusion.

16.  Fill in the blanks.

(a) The t distributions are symmetric about ___________ (a number).
(b) The t-distributions are ___________-shaped, but have thicker tails than a standard normal (z) distribution.
(c) As the degrees of freedom increase, the t distribution approaches the ____________________ distribution.
(d) To find the degrees of freedom, use d.f. = __________ (formula).  This tells you which row of Table D is appropriate.
(e) To find the standard error of the mean for data from an SRS of size n, use 
SE = ____________ (formula).

17.  The number of pups in wolf dens of the southwestern United States is recorded below for 16 wolf dens.  (Source: The Wolf in the Southwest: The Making of an Endangered Species, edited by D. E. Brown, University of Arizona Press.)

	5
	8
	7
	5
	3
	4
	3
	9

	5
	8
	5
	6
	5
	6
	4
	7


(a) Find the sample mean: __________

(b) Find the sample standard deviation: ____________

(c)  Find the standard error of the mean: ___________

(d)  Find a 90% confidence interval for the population mean, and write your conclusion in a clear, detailed sentence.  

(e)  Let µ represent the population mean number of wolf pups per den in the southwestern United States.  Carry out a significance test to determine whether the sample data give convincing evidence that µ is more than 5.  

(f)  Repeat part (e) but determine whether the sample data give convincing evidence that µ is less than 7.

18.  Tree-ring dating at archaeological excavation sites is used in conjunction with other chronologic evidence to estimate occupation dates of prehistoric Indian dwellings in the southwestern United States.  It is thought that Burnt Mesa Pueblo was occupied around 1300 A.D.  The following data give tree-ring dates (A.D.) from adjacent archaeological sites:

	1189
	1267
	1268
	1275
	1275

	1271
	1272
	1316
	1317
	1230


Assuming that these 10 values are an SRS from a normal population, do the data provide convincing evidence that the population mean of tree-ring dates in the area is different from 1300 A.D.?  Carry out the appropriate significance test and state your conclusion in a clear, detailed sentence.  Also give a 95% confidence interval to estimate the population mean.

19.  Which of the following errors (indicate “yes” or “no” for each) are accounted for by the margin of error in a confidence interval?

________  error due to voluntary response survey
________  error due to random variation in choosing an SRS
________  error due to poorly calibrated measuring instruments
________  error due to non-response in a sample survey
20.  A school administrator needs to estimate the mean Degree of Reading Power (DRP) score for all third-graders in the district.  If the standard deviation of DRP scores is estimated to be 11 over all third-graders in the district, find the minimum sample size needed to produce a 95% confidence interval for the mean DRP score with margin of error m =  ± 2.
21. Suppose that 50% of male Internet users aged 18 to 34 have visited an auction site at least once in the past month.

a. If you interview 12 male Internet users at random, what are the mean and standard deviation of the count X who have visited an auction site in the past month?  What are the mean and standard deviation of the proportion in the sample who have visited an auction site?

b. Repeat (a) for sample size 120.

c. Repeat (a) for sample size 1200.

d. What happens to the mean of B(n,.50) as n increases?  

e. What about the mean of the sample proportion (for p = .50) as n increases?

f. What happens to the standard deviation of the sample count (for p = .50) as n increases?

g. What happens to the standard deviation of the sample proportion (for p = .50) as n increases?

22. A believer in the “random walk” theory of the behavior of stock prices thinks that an index of stock prices has probability 0.65 of increasing in any year.  Moreover, the change in the index in any given year is not influenced by whether it rose or fell in earlier years.  Let X be the number of years among the next 6 years in which the index rises.

(a) What is the distribution of X?  Be specific.

(b) Draw a well-labeled probability histogram for the distribution of X.  Find the mean of X and indicate its location on your histogram.

(c) Find the standard deviation of X.

(d) Find the probability that X takes a value within one standard deviation of its mean.

23. 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 we can suppose that the population proportion is p = 0.67.  The administration of HC surveys an SRS of 45 students and finds that 32 of them support a crackdown on underage drinking.

a. What is the sample proportion who support a crackdown on underage drinking?

b. If in fact the proportion of all students at HC who support a crackdown is the same as the national 67%, what is the probability that the proportion in a sample of 45 would be as high, or higher than, the observed proportion in (a)?

c. An article in the Triangle reports that “HC support for a crackdown on underage drinking is higher at HC than the national average.”  Explain why the survey results do not support this conclusion.
24. The amount that households pay service providers for access to the Internet varies quite a bit.  Suppose that the mean monthly fee is $65 with a standard deviation of $13.  The distribution is not normal, since a fair number of households opt for the cheapest possible connection, and another big chunk of households are willing to pay for the fastest connection available.  A sample survey asks an SRS of 169 households with Internet access how much they pay per month.  


a. Sketch the density curve for the sample mean in this situation.  Show an appropriate scale on the axis.

b. What is the probability that the average fee paid by the sample households is within $2 of the population mean?

c.  What is the probability that the average fee paid by the sample households is more than $70?
25. In response to the increasing weight of airline passengers, the FAA in 2003 told airlines to assume that passengers will average 190 pounds in the summer, including clothing and carry-on baggage.  But passengers’ weights vary; the FAA gave a mean but not a standard deviation.  
Suppose the population standard deviation in weight is 35 pounds.  A commuter plane carries 25 passengers.  

a. Sketch the density curve for the sample mean in this situation.  Show an appropriate scale on the axis.

b. What is the approximate probability that the total weight of the passengers exceeds 4850 pounds?
c. Your answers in (a) and (b) require that the passengers’ weights vary independently of each other with a mean of 190.  Give a realistic example to show this may not be a valid assumption.
ANSWER KEY

1.  NO.  Since the Registrar has data for the entire population there is no reason to estimate the mean from sample data.  He should just calculate μ exactly.

2.  CONFIDENCE INTERVAL.  It lets you estimate the size of the effect as well as whether or not there is strong evidence for a specific alternative hypothesis about the parameter.  For example, if the hypotheses were H0:  μ = 475 and HA:  μ ≠ 475, then the 95% confidence interval (475.8, 476.2) would allow us to reject H0 at the 5% significance level, but it also warns us that μ is likely to be very close to 475.

3.  In List L1, enter the differences:  4, 8, 4, 1, 2, 3, 4, 3.  Since σ is unknown, use STAT > TESTS > T-TEST to find t = 4.9630, P = .0008 (μ0 is 0 and we need a right-tail test to see if the number of words is less after 24 hours).  Since P is very small (P = .0008) we have very strong evidence that the mean number of words recalled after 1 hour will, in general, exceed the mean number of words recalled after 24 hours.  This is based on the assumption that the differences are normally distributed on the population (since sample size is so small).
4.  Using row n-1 = 11 in Table D, we see that P < .01 when t is at least 2.178, and P < .05 when 5 is at least 1.796.

5.  The P-value is the probability, calculated assuming that the null hypothesis is true, that the test statistic would take a value as extreme or more extreme than that actually observed in the sample data.  (So, when P is very small, it makes us believe the null hypothesis is false.  Of course, it’s possible the null hypothesis is true and we got a very unrepresentative random sample just by bad luck.)

6.  H0:  “The mean diameter is on target”, μ = 8 mm.  Ha:  “The mean diameter has moved away from the target”, μ ≠ 8 mm.

7.  NO.  The confidence level is the probability that the confidence interval procedure will give an accurate result.  It is not a proportion of the population.  Rather, it is the proportion of all SRS of the size actually used that would give an accurate interval.  We don’t know if the particular interval given is correct or not, but we are “pretty sure” that the actual mean SAT math score is between 452 and 470 for this population.

8.  (a) H0: 
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; t = 1.2216, P = .000122; We have very convincing evidence (P = .000122) that there is a difference in the average weekly study hours for HC male students versus HC female students; specifically, HC females tend to study more.  (b)  (-8.437, -2.823); We are 95% confident that the difference in population mean weekly study hours, males minus females, is in the range 
-8.437 to -2.823 hours.  We have conclusive evidence that the female average is at least 2.823 hours higher than the male average.
9a.  
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= 3.633     9b.  s = 3.253     9c.  
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= .594   9d.  The margin of error is t*
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= 2.045 * .594 = 1.215.  The interval is 3.633 ± 1.215 = (2.42, 4.85).  9e.  NO.  These 30 children did many other things over the six months of the experiment, such as school work, video games, extra-curriculars, etc.  We can’t account for the effect of lurking variables unless we compare with a control group.  

10a.  df = n-1 = 21  10b.  From table D row 21, between .05 and .10.  (weak evidence for Ha?)

11a.  The data give very strong evidence that the typical adult male great white shark exceeds 20 feet in length.  11b.  The data do not give strong evidence that the typical adult male great white shark exceeds 20 feet in length.

12.  H0:  “There is no placebo effect”:  
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 Ha:  “There is a placebo effect”:    
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13a.  Since sample size n = 2 is very small, we have to assume that the difference in vitamin C content (fresh minus 3-day-old) has a normal distribution on the population of all loaves of bread of this type in order to use t test.  H0:  
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.  Enter the differences in list L1.  t = 49.833 with df = 1.  P = .0064.  The sample data give very strong evidence that this type of bread loses vitamin C when it's stored for three days.

13b. The 90% confidence interval for the difference (amount lost) is (23.501,30.319), which lets us estimate how much vitamin C we can expect the bread to lose when it's stored for three days.

14.  All of them would decrease.

15.  (a) H0: 
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; t = 1.0576, P = .2971; We have inconclusive evidence (P = .2971) that there is a difference in the average daily cell-phone usage for HC male students versus HC female students.  (b)  (-1.866, 0.58614); We are 95% confident that the difference in population mean daily cell-phone usage, males minus females, is in the range -1.866 to 0.58614 hours.  Because 0 is included in the interval, we have inconclusive evidence that these means are unequal.
16.  0, bell, standard normal (z), n - 1, 
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17.  5.625, 1.7842, .4460.  We are 90% sure that the population mean number of wolf pups per den in the southwestern U.S. is between 4.84 and 6.41 pups per den.  We do not have convincing evidence (P = .091) that the mean number of wolf pups per den is more than 5.  We do have convincing evidence (P = .004) that the mean number of wolf pups per den is less than 7.

18.  We have convincing evidence (P = .024) that the population mean tree-ring date in the area is different from 1300.  We are 95% confident that the true mean tree-ring date is between 1241.3 and 1294.7.

19.  no, yes, no, no.  ONLY the variation in random sampling is accounted for by the margin of error.

20.  (z*σ/m)2 = 77.44, which rounds up to a minimum sample size of 78.

21. a. 6, 1.732, 0.5, 0.144; b. 60, 5.477, 0.5, 0.0456;  c. 600, 17.321, 0.5, 0.0144; d. increases;  e. no change;  f. increases;  g. decreases
22. a. Binomial(n=6, p=0.65);  b. the mean is 3.9;  c. the s.d. is 1.168;  d. 0.9023
23. a. .711;  b. 34%;  c. Even if the population proportion at HC is 67%, there is a 34% chance of getting 32 or more out of 45 who support a crackdown.  The difference between 67% and 71.1% is not statistically significant with n = 45, as shown by the large probability in (b).  p-hat = .711 is not strong evidence that p is larger than .67.
24. a. Draw a normal density with mean 65 and st. dev. 1; b. 95%; c. P(Z > 5) is about 0.
25. a. Normal(190, 7);  b. P(Z > .57) = 28.4%;  c. Suppose 25 players from an NFL football team charter the jet.  Their weights will not vary independently with a mean of 190 because they will almost all exceed 190 by a lot.
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