Math 217, Fall 2008
Final Exam Information
12-3-08
Our final exam is scheduled for Thursday 12/11, 2 pm, in CFA 107.  To prepare for the exam, you should read, and work to understand, the following sections:  6.1, 6.2, 6.3, 7.1.  Also review the relevant homework exercises and related class work.  Some of the key concepts are shown in the outline below.
Section 6.1:  Introduction to Confidence Intervals for a Mean 

· What is the purpose of a confidence interval?

· What is the exact meaning of the confidence level?

· What is the basic form of a confidence interval?

· How is the margin of error of a confidence interval affected by the confidence level? by the sample size? by the population standard deviation?

· See cautions p.393.
Section 6.2:  Introduction to Significance Testing for a Mean

· What is the purpose of a test of significance?

· What is the exact meaning of the P-value?

· How do you use the STAT > TESTS menu for Z-intervals and Z-tests? [optional]
· What should you conclude from a significance test?  Note:

· The null hypothesis is never established or proven; when P is large we simply fail to refute the null hypothesis.

· The alternative hypothesis is never proven false or refuted; when P is large we simply do not have enough evidence to convince us the alternative is true.

Section 6.3:  Use and Abuse of Statistical Tests

· Under what circumstances are the Z procedures in chapter 6 valid and appropriate?
· Consider the context when choosing a level of significance.  Note that .05 is not a magical or sacred cut-off for significance: P = .0501 is about as significant as P = .0499.
· Formal statistical inference cannot correct basic flaws in experimental design and data collection.
· You cannot legitimately test a hypothesis on the same data that first suggested that hypothesis – you have to design a study specifically to test for the effect you now believe exists.
· Statistical significance is different than practical significance (importance).
· If you perform repeated testing and occasionally find significance (say, P < .05 about 5% of the time or less) then those tests probably show significance just due to luck!  We expect P to come out small now and then just due to random sampling error, even when the null hypothesis is true.
Section 7.1:  Inference for the Mean of a Population

· Standard error of the sample mean is SE = 
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, which estimates the standard deviation of the sampling distribution of the sample mean 
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 (know the SE formula).
· The t distributions:  How do you determine the degrees of freedom?  How do the t distributions compare with the standard normal?  How do you use Table D to find critical values (t*) and P values?  
· When is it correct to use the one-sample t confidence interval for a population mean?  What is the margin of error?  How does it compare with the Z interval from chapter 6?
· The one-sample t test:  How does it compare with the Z test from 6.2?  When is it correct to use this procedure?  

· How do you use the STAT > TESTS menu for t-intervals and t-tests?  [optional]
· How are the t procedures used to analyze data from matched pairs?
Homework Exercises:

	6.1
	p.396, #1-31 ODDS ONLY (formula sheet) 
	Wed 11-19-08 

	6.2
	p.416, #33-49, 55, 57, 61-71 ODDS ONLY (formula sheet) 
	Wed 11-19-08 

	6.3
	p.428, #72-84 (evens & odds) 
	n/a (study for exam) 

	7.1
	p.471, #6abc, 7abc, 10bce, 11, 12, 13, 16, 17, 20, 21, 29, 34, 35, 37b (SEE GRAPHS AND TABLES) (formula sheet) 
	Fri 12-5-08 


PRACTICE PROBLEMS
1.  In a study of possible iron deficiency in infants, researchers compared several groups of infants who were following different feeding patterns.  One group of 26 infants was being breast-fed.  At 6 months of age, these children had a mean hemoglobin level of 
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grams per 100 milliliters of blood and a standard deviation of 1.6 grams per 100 milliliters of blood.  (a)  Give a 95% confidence interval for the mean hemoglobin level of breast-fed infants.  (b)  What assumptions are required for the validity of the method you used to get the confidence interval?
2.  A government report gives a 95% confidence interval for the 1999 median annual household income as $40,816 ± $314.  This interval was calculated by advanced methods from the Current Population Survey, a multistage random sample of about 50,000 households.  (a)  Would a 90% confidence interval be wider, or narrower? (b)  Would the null hypothesis that the 1999 median household income was $40,000 be rejected at the 5% significance level in favor of the two-sided alternative?  Explain.
3.  The American Medical Association has data which tell the number of medical doctors per 100,000 people for each of the 50 states.  It does not make sense to use these data to give a 95% confidence interval for the mean number of medical doctors per 100,000 people in the population of the American states.  Explain why not.  (What should be done instead?)
4.  Which of the following questions does a test of significance answer?  Answer “yes” or “no” for each. (a)  Is the sample or experiment properly designed?  _____  (b)  Is the observed effect due to chance?  _____  (c)  Is there strong evidence in support of the null hypothesis?  _____  (d)  Is there strong evidence in support of the alternative hypothesis?  _____  (e)  Is the observed effect large enough to have practical importance?  _____
5.  The scores of four college roommates on the Law School Admission Test (LSAT) are      


628
593
455
503
(a)  Find the mean:  _____  (b)  Find the standard deviation:  _____  (c)  Find the standard error of the mean:  _____  (d)  Give the two most important reasons why it is not appropriate to calculate a t- confidence interval from these data.
6.  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.  (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).
7.  What is the purpose of a confidence interval?
8.  What is the exact meaning of the confidence level of a confidence interval?
9.   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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10. What is the purpose of a test of significance?

11.  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?

12.  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.

13.  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.
14.  Fill in the blanks. (a)  The t distributions are symmetric and unimodal with mean = ______ (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).
15.  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


[image: image5.png]Distribution of Pups per Den

50

104

H 5 [

Pups (number)

10





(a)  Use the histogram to explain why we are justified in using t procedures for these data.
	One-Sample Statistics

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	Pups (number)
	16
	5.62
	1.784
	.446


	One-Sample Test

	
	Test Value = 4                                       

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	Pups (number)
	3.643
	15
	.002
	1.625
	.67
	2.58


(b)  Find a 90% confidence interval for the population mean number of wolf pups per den in the southwestern United States.

(c)  Do the data give convincing evidence that the mean number of wolf pups per den in the southwestern United States is more than 4?  State the P-value and write a clear conclusion.
16. 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
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	One-Sample Statistics

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	Date (A.D.)
	10
	1268.0000
	37.28866
	11.79171


	One-Sample Test

	
	Test Value = 1300                                    

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	Date (A.D.)
	-2.714
	9
	.024
	-32.00000
	-58.6747
	-5.3253


 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.(a)  State the hypotheses in symbols. 
(b)  State the test statistic.  (c)  State the P-value.  (d)  State a clear conclusion.
17.  Which is better for detecting practical significance (in addition to statistical significance):  a confidence interval, or a significance test? 

18.  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?  
19.  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.
20.  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?

ANSWER KEY:
1.  (a) (12.254, 13.546)  (b) no extreme outliers in sample; population distribution not extremely skewed

2.  (a) narrower  (b) Yes.  $40,000 is not plausible for the population mean; it's outside the 95% confidence interval.

3.  Because we don't have sample data, we have data for the entire population.

4.  no, yes, no, yes, no

5.  544.75, 79.701, 39.8505  The data are not an SRS, and with such a small sample size we would have to know the population distribution was approximately normal.

6.  (a) µ = 224  (b) µ ≠ 224  (c) P = .9025  (d) These sample data do not provide convincing evidence (P = .9025) 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.
7.  "To estimate an unknown parameter with an indication of how accurate the estimate is and of how confident we are that the result is correct."  (p.395)

8.  The confidence level is the probability that the method will yield a correct interval, as the sample statistic varies over all samples of a given size.  For example, if the confidence level is 95%, that means that 95% of all the samples of size n from the population will lead to an interval which is correct (captures the population parameter within the interval).

9.  decrease, decrease, decrease
10.  To assess the evidence provided by sample data against a null hypothesis H0 and in favor of an alternative hypothesis Ha.
11.  (a) the null hypothesis is false and the alternative hypothesis is true  (b)  inconclusive; insufficient evidence to show the alternative hypothesis is true

12.  No.  Out of 500 subjects we expect about 1% of them (5 subjects) to do this well.  So, 4 out of 500 with P < .01 is not at all surprising.  
13.  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.
14.  0, bell, standard normal, n - 1, 
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15.  (a)  The histogram indicates that the population is probably roughly normal, and we don't see any outliers.  (b)  (4.8381, 6.4019)  (c)  Yes.  P = .001.  Notice the P-value in the SPSS output is the 2-tail P, not the right-tail P.  These data give strong evidence that the mean number of wolf pups per den in the SW U.S. is more than 4.

16.  (a)  H0: µ = 1300;  Ha: µ ≠ 1300  (b) t = -2.714  (c) P = .024  (d) These data give strong evidence that population mean of tree-ring dates in the area is less than 1300 A.D. (P = .024).  [Even though it's a two-tail test, we can state our conclusion in "left-tail" form since the sample mean came out less than 1300.]
17.  A confidence interval, since it indicates the size of the effect.
18.  t > 2.718;  t > 1.796

19.  No.  The average math SAT score in CA is in the range 452 to 470.  Surely the overall distribution is much more variable than this!

20.  (a)  Convincing evidence that the average MGWS is longer than 20'.

(b)  Insufficient evidence to show that the average MGWS is longer than 20'.
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