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Exam 3 Study Information
Exam 3 will be Wednesday 4-1-09, in class.  Don’t forget your calculator and 3-by-5 index card.  
The exam will cover sections 5.1, 5.2, 6.1, 6.2, and 6.3.  Many of the exam questions will be based directly on the reading, the study guide problems, the examples in the book, and the exercises I’ve assigned.  I especially recommend that you review the following topics and memorize those items which you do not include on your index card. I'll provide Table A and Table D only (no formulas will be provided).
· The Binomial Setting (p.335)

· Binomial Distributions (p.336)
· Sampling distribution of a count (p.337)

· Sample proportion (p.341-342)

· Sampling distribution of a sample mean (p.362)

· Central limit theorem (p.362)

· Confidence intervals (p.386-387)

· Confidence interval for a population mean (p.388)

· How confidence intervals behave (p.390)

· Cautions regarding confidence intervals (p.393)
· P-value of a significance test (p.405)

· Four steps of a significance test (p.407)

· z test for a population mean (p.410)
· Cautions regarding significance tests (p.428)

As you’re studying, make use of the section summaries to be sure you are picking up the key vocabulary and concepts from each chapter.

Calculator skills to practice:

· Generating binomial probabilities using binompdf 

· Finding probabilities for binomial events using binomcdf
· Using ZInterval to generate a confidence interval for  a population mean

· Using Z-Test to find the P-value for a significance test of a population mean
Exam #3 PRACTICE PROBLEMS
1.  You have collected data on a quantitative variable for a large SRS from the population, and you want to use the sample data to calculate a confidence interval for the population mean.  The sample data include two extreme outliers.  How should you proceed?
2.  You are planning to collect data on student body weights (in grams) at Hanover College, based on sample data from the population of all first-year male students.  You want to use the sample data to calculate a confidence interval for the population mean.  Since the population in question is fairly homogeneous, you believe the base population (weight, in grams, for all male first-year students) will be normally distributed, at least approximately.  

In order to insure that the resulting confidence interval is as accurate as possible, explain which of the following is most important:  (a) getting data from a large sample of the population; (b) getting data from an unbiased sample of the population; (c) using a very precise scale which measures weights to the nearest mg.
3.  The diameter of a spindle in a small motor is supposed to be 5 mm.  If the spindle is either too small or too large, the motor will not perform properly.  The manufacturer measures the spindle diameters in a random sample of 50 motors, and finds the mean of the sample to be 5.2 mm.  Assuming the standard deviation of spindle diameters is known to be 0.3 mm, calculate a 95% confidence interval for the population mean.  Does the interval indicate that the spindle diameters are no longer up to specification (average diameter = 5 mm)?  Explain.
4.  A couple plans to have three children.  Assume that each child is equally likely to be a boy or a girl and no multiple births (twins or triplets) occur.

(a)  What is the probability that the couple has no girls?  ______

(b)  What is the probability that the couple has one girl and two boys?  ______
5.  A study of the career paths of hotel general managers sent questionnaires to an SRS of 160 hotels belonging to major U.S. hotel chains.  There were 114 responses.  The average time these 114 general managers had spent with their current company was 11.78 years.  


Assume we know that the standard deviation of time with current company for all general managers is 3.2 years.  Pretend that the 114 responses form an SRS from the population of all general managers.  

(a) Give a 95% confidence interval for the mean number of years general managers of major-chain hotels have spent with their current companies.  Show your work clearly.

(b) Give an 80% confidence interval for the mean number of years general managers of major-chain hotels have spent with their current companies.  Show your work clearly.  

(c) Is an 80% confidence interval always narrower than a 95% confidence interval (all else being equal)?  ________  Explain.
6.  A researcher uses an SRS of size 100 to estimate the mean height (in inches) of a 21-year-old American female.  Suppose the resulting 95% confidence interval is 65.7 ( 0.15.  Explain the exact meaning of the confidence level, 95%, in this context.
7.  A fair six-sided die is rolled three times.  X = the number of times “1” appears.

(a)  Consider the event A:  X > 0.  Find the probability of event A.

(b)  Make a table to display the probability distribution of X.

(c)  Find the mean and standard deviation of X.

(d)  Is X binomial?  ______  Is X normal?  ______  Explain.
8.  You plan to use an SRS to estimate the mean number of children per household in Indiana.  If it’s known that the standard deviation for the number of children per household in Indiana is 1.4, what is the smallest sample size you can use to estimate the desired value to within  (0.1 with 99% confidence?
9.  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 poorly calibrated measuring instruments


________  error due to non-response in a sample survey


________  error due to random variation in choosing an SRS
10.  A study by a federal agency concludes that polygraph (“lie detector”) tests given to truthful persons have a probability of about 0.2 (20%) of suggesting that the person is lying.  A firm asks 50 job applicants about thefts from previous employers, using a polygraph to assess the truth of their responses.  Suppose that all 50 applicants really do tell the truth.  Let X represent the number of applicants who are determined to be lying according to the polygraph.

(a)  What is the distribution of X?  (Shape, mean, standard deviation.)

(b)  Find the probability that at least five applicants are determined to be lying, even though they all told the truth.  Show your work clearly.
11.  What is the purpose of a confidence interval?  
12.  The number of accidents per week at a hazardous intersection varies with mean 2.2 accidents/wk and standard deviation 1.4 accidents/wk.  This distribution takes only whole-number values, so it is certainly not normal.

a) Let 
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 be the mean number of accidents per week at the intersection during one year (52 weeks).  What is the approximate distribution of 
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 according to the Central Limit Theorem?  

Shape of  
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 distribution = _______________

Mean of 
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 distribution = _______________

Standard deviation of 
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 distribution = _______________

b) What is the approximate probability that 
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 is less than 2 accidents/wk?  _________ Show your work:

13.  A Gallup Poll asked the question “How would you rate the overall quality of the environment in this country today – as excellent, good, fair, or poor?”  In all, 46% of the sample rated the environment as good or excellent.  Gallup announced the poll’s margin of error for confidence 95% as plus or minus 3 percentage points.  Which of the following sources of error are included in the margin of error?  (Indicate “yes” or “no” for each choice.)

(a) The poll dialed telephone numbers at random, and so it missed all people without phones.  _____

(b) Nonresponse – some people whose numbers were chosen never answered, or did answer the phone but refused to participate in the poll.  _____

(c) There is chance variation in the random selection of telephone numbers.  _____
14.  How is the margin of error of a confidence interval affected by each of the following?  (Answer “m increases” , “m decreases”, or “m is unchanged” for each.)

(a)  When the sample size increases, __________________________ .

(b)  When the confidence level increases, ___________________________ .

(c)  When the population standard deviation increases, _________________________ .

(d)  When the size of the population increases, __________________________ .
15.  Here are measurements (in millimeters) of a critical dimension on a sample of 12 auto engine crankshafts:

224.120
224.001
224.017
223.982
223.989
223.961

223.960
224.089
223.987
223.976
223.902
223.980

The data come from a production process that is supposed to result in a measurement of 224 millimeters.  The production supervisor wants to know if these data provide strong evidence that the measurements have drifted away from this target during production.  Assume the population standard deviation is 0.06.  (a)  State the null hypothesis in symbols.  (b)  State the alternative hypothesis in symbols.  (c)  Assuming the population of all such measurements is approximately normal, calculate the P-value for this test of significance.  (d)  State your conclusion in a complete sentence (use the context of this situation).  (e)  Give a 95% confidence interval for the process mean at the time these crankshafts were produced; explain how this interval supports your conclusion in part (d).
16.   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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.

17. What is the purpose of a test of significance?

18.  What should you conclude from a significance test (a) if the P value is very small?  (b) if the P value is not very small?

19.  A researcher looking for evidence of ESP tests 500 subjects.  Four of these subjects do significantly better (P < .01) than random guessing would predict.  Is it proper to conclude that these four people were not simply guessing?  Explain.

20.  In a study of the suggestion that taking vitamin C will prevent colds, 40,000 subjects are assigned at random to one of two groups.  The experimental group takes a vitamin C tablet (1000 mg) daily, while the control group takes a placebo pill.  At the end of the experiment, the researchers calculate the difference between the percents of subjects in the two groups who were free of colds.  This difference is statistically significant (P = 0.03) in favor of the vitamin C group.  (More in the vitamin C group were cold-free.)  Is it correct to conclude that vitamin C (1000 mg/day) “has a strong effect in preventing colds”? Explain.

Exam 3 Practice Problems -- Answer Key

1.  First, see if the outliers are due to an error.  Try to correct them (if they are errors) or justify their removal (if possible) before computing the interval.  If the outliers cannot be removed, you should not use the confidence interval formula given in section 6.1.  (See p.393.)

2.  The margin of error in a confidence interval only accounts for variability due to random sampling.  The most important item in the given list is (b): getting data from an unbiased sample (SRS) of the population.  A large sample will not be helpful if the sampling method is biased, and measuring weights to the nearest mg is not very important for estimating the population mean in grams.
3.  x-bar = 5.2, z* = 1.96, σ = .3, n = 50.  Therefore, the interval is (5.1168 mm, 5.2832 mm).  Since the target mean of 5.0 does not lie within the interval, we conclude that the spindle diameters are too large on average (population mean > 5.0).

4.  Let X count the number of girls; then X = B(3,1/2).  

(a)  P(no girls) = P(X = 0) =  0.125  

(b)  P(one girl & two boys in any order) = B(X = 1) = .375

5.  (a)  (11.193 yrs, 12.367 yrs)  (b)  (11.396 yrs, 12.164 yrs)  (c)  Yes.  When C is smaller, z* is smaller, which makes m (margin of error smaller), which makes the interval more narrow.

6.  The figure "95%" refers to the reliability of the method in general:  This interval was calculated by a method which, for 95% of all possible samples of size 100, results in an accurate interval (an interval which truly contains the population mean).  So, you might say we are "very confident" (but not 100% certain) that the average height in inches of all 21-year-old American females is in the interval 65.7 ± 0.15.

7.  X = B(3,1/6)  

(a)  P(X > 0) = 1 - .5787 = .4213  

(b)  

	x
	0
	1
	2
	3

	P(X = x)
	.5787
	.34722
	.06944
	.00463



(c)  mean = 1/2, standard deviation = 0.6455

(d)  Yes, X is B(3,1/6).  No, not normal:  np = .5 < 10.  n is too small for the normal approximation to be accurate.

8.  1301

9.  no, no, no, yes

10.  (a)  X is binomial with mean 10 and standard deviation 2.8284.  X is also approximately normal:  X ~ N(10,2.8284).

(b)  Using X = B(50,.2), P(X ≥ 5) = 1 - P(X < 5) = .9815.  Using the normal approximation, 
P(X ≥ 5) is about .9616.

11.  To estimate an unknown parameter with an indication of (a) the margin of error in the estimate and (b) how confident we are that the estimate really is correct to within that margin of error.

12.  Normal, mean = 2.2, standard deviation = 0.1941.  P(x-bar < 2) = .1515 from Table A.

13.  no, no, yes

14.  decreases, increases, increases, unchanged

15. (a) µ = 224  (b) µ ≠ 224  (c) P = .8625  (d) These sample data do not provide convincing evidence (P = .8625) that the engine measurements have drifted away from the target of 224 mm.  (e) (223.96, 224.03).  224 is plausible for the population mean, since it falls within the 95% confidence interval.
16.  decrease, decrease, decrease

17.  To assess the evidence provided by sample data against a null hypothesis H0 and in favor of an alternative hypothesis Ha.

18.  (a) the null hypothesis is false and the alternative hypothesis is true  (b)  inconclusive; insufficient evidence to show the alternative hypothesis is true

19.  No.  Out of 500 subjects we expect about 1% of them (5 subjects) to do this well just by luck.  So, 4 out of 500 with P < .01 is not at all surprising.  

20.  No.  The number of subjects (40,000) is very high, giving this test a lot of power.  With so much data, a very small effect can be highly statistically significant, but not be big enough for practical significance.  The researcher should calculate a confidence interval to estimate the size of the effect.
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