Math 217, Fall 2006
Final Exam Information
12-4-06
The final exam counts for 20% of your overall course grade.  I will provide you with relevant formulas and tables as I did for previous exams.
Focus on the following sections as your prepare for the final exam.  Read and understand these sections in your text and you should do well.  Also review the homework problems that were assigned from these sections, the relevant questions from previous exams, and any related class work.
Section 2.3:  Least Squares Regression
· A regression model summarizes the relationship between two quantitative variables when one of the variables helps explain or predict the other.  If the two variables show a linear association then a linear regression model is appropriate.
· Know how to find and interpret the slope and y-intercept of a regression line whose equation is given.

· Know how to use a regression line to make predictions, and how to avoid extrapolation.

· Be able to calculate the least-squares regression line using either (x, y) data or summary statistics (p.141).

· Understand what is measured by correlation r and its square, r2.
From Section 5.1:  Binomial Distributions

· Be able to recognize situations which can be modeled by B(n, p).  
· Know how to identify n sand p and use the formulas for mean and standard deviation of a binomial distribution.

· For small n, be able to find binomial probabilities using your calculator.
· For large n, be able to estimate binomial probabilities using Table A.

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.426-427.
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?  

· 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 to search specifically 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?
Practice problems.
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.  Figure 2.9 plots the city and highway fuel consumption of 1997 model midsize cars, from the EPA’s Model Year 1997 Fuel Economy Guide.  (See scatterplot below.)  [image: image3.wmf]12.5
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City and highway fuel consumption for 1997 model midsize cars.


(a)  Circle the most influential observation on the scatterplot.

(b)  If that most influential observation were not included, would the correlation increase, or decrease?  ___________  Explain:

(c)  The regression equation is as follows:
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= 3.45 + 1.22x
Use the regression equation to predict the highway mileage for a 1997 midsize car with city mileage of 23 mpg (show your work clearly):

(d)  Find two specific points on the regression line (SHOW WORK!).  Add them to the plot above and use them  to accurately draw the regression line on the plot.

3.  If two quantitative variables have a correlation r = 0, does this mean they are unrelated to each other?  __________  Explain.

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

5.  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?

6.  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?  
7.  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 15 job applicants about thefts from previous employers, using a polygraph to assess the truth of their responses.  Suppose that all 15 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 / type: _________________

· Mean:  ______________________

· Standard deviation:  ____________

(b)  Find the probability that three or more applicants are determined to be lying, even though they all told the truth.  Show your work clearly.

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

9.  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.  About 53% of American adults are female.  The number X of females in a random sample of 300 adults should therefore vary with the B(300, 0.53) distribution.

· What is the mean of X?

· What is the standard deviation of X?

Find the probability that an SRS of size 300 will contain 130 or fewer females. 

10.  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):

11.  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.
12.  Because sulfur compounds cause “off-odors” in wine, oenologists (wine experts) have determined the odor threshold, the lowest concentration of a compound that the human nose can detect.  For example, the odor threshold for dimethyl sulfide (DMS) is given in the oenology literature as 25 micrograms per liter of wine (μg/l).  


Untrained noses may be less sensitive (have a higher odor threshold).  Here are the DMS odor thresholds for 10 beginning students of oenology.  

	31
	31
	43
	36
	23
	34
	32
	30
	20
	24



Treating these data as an SRS of size 10 from an approximately normal population, carry out a significance test to determine whether the mean DMS odor threshold among all beginning oenology students is more than 25 μg/l.

13.  A balanced six-sided die is rolled four times.  X = the number of times “1” appears.

(a)  Make a table to display the probability distribution of X.
(b)  Find the mean and standard deviation of X. 
(c)  Consider the event A:  X < 2.  Find the probability of event A.
14.  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:



2
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7
-2
2
7
4
1
0
7



4
3
4
9
4
5
2
9
6
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6
-1
3
4
6
7
-2
7
-3
3



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.

15.  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?  ____________________  
16.  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?

17.  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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18.  Joan is concerned about the amount of energy she uses to heat her home in the Midwest.  She keeps a record of the natural gas she consumes each month over one year’s heating season.  Because the months are not all the same length, she divides each month’s consumption by the number of days in the month to get the average number of cubic feet of gas used per day.  Demand for heating is strongly influenced by the outside temperature.  From local weather records, Joan obtains the average number of heating degree-days per day for each month.  Here are Joan’s data.

	Month
	Oct.
	Nov.
	Dec.
	Jan.
	Feb.
	Mar.
	Apr.
	May
	June

	Degree-days per day
	15.6
	26.8
	37.8
	36.4
	35.5
	18.6
	15.3
	7.9
	0.0

	Gas consumed, cubic feet per day
	520
	610
	870
	850
	880
	490
	450
	250
	110


(a) Here is a scatterplot of the data.  Is the pattern linear, or clearly non-linear?  _______  Is the association strong, or weak?  ________  Is the direction of the association positive, or negative? _________
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(b) Find the equation of the least-squares regression line for predicting gas use from degree-days.  

(c) Find the following two points on the regression line; show your work.

When x = 0 , y-hat = ___________

When x = 40 , y-hat = ___________
(d) Plot your points from (c) on the scatterplot and draw the line.

(e) Explain in simple language what the slope of the regression line tells us about how Joan’s gas use responds to outdoor temperature.  (Note:  the higher the heating-degree days, the colder the outdoor weather.)

(f) Joan adds insulation in her attic during the summer, hoping to reduce her gas consumption.  The next February, there are an average of 40 degree-days per day and her gas consumption is 870 cubic feet per day.  Predict from the regression equation how much gas the house would have used at 40 degree-days per day last winter before the extra insulation.  ___________ 

Answers…
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.

2a.  The dot in the lower-left corner is most influential.

2b.  It would decrease, since that observation is an outlier and lies close to the regression line.

2c.  
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 = 3.45 + 1.22*23 = 31.51 mpg

2d.  When x = 12.5 (the left-most hash mark on the horizontal axis), 
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 = 3.45 + 1.22*12.5 = 18.7 mpg.  When x = 22.5 (the right-most hash mark on the horizontal axis), 
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 = 3.45 + 1.22*22.5 = 30.9.  So, two points on the line are (12.5, 18.7) and 
(22.5, 30.9).   Plot the points and use a straight-edge to draw the regression line.

3.  NO.  They might be very strongly related but just not in a linear way.  For example, maybe the scatterplot is shaped like a parabola.  Then you could certainly use x to predict y, but not using a linear equation.  Before using correlation and regression, it is critical to look at the scatterplot so you can use a regression model with the correct shape.

4.  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.

5.  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.

6.  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.

7a.  BINOMIAL, 3, 1.5492.  We have a fixed number of observations (n = 15), a fixed probability of “success” (p = .20 is the probability of a person being accused of lying by the polygraph), a “bi” situation (lying / not lying), and independence between observations (the results for one person should not affect the results for another).  So, X is a binomial random variable, B(15, .20).  

7b.  6%.  The probabilities for X should be found using binompdf(15, .20) STO-> L2 since we have a small sample size (X not approximately normal).  Using the first three probabilities, P(X >= 3) = 1 – P(X =0 or X =1 or X =2) = 1 - .03518 - .13194 - .2309 = .60198, or about 6%.

8.  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.)

9.  Mean is 159, St. Deviation is 8.6447.  Probability is .0004.  Solution:  Use mean = np and 
σ = 
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from the 5.1 binomial formulas.  Notice this is a large n situation for the binomial variable X, since np = 159 is more than 10 and n(1-p) = 141 is more than 10.  So, we will want to use Table A.  We have μ = 159 and σ = 8.6447, so the z for the cutoff 130 is 
z = (130 – 159) / 8.6447 = -3.35.  From table A, 
P(X <= 130) = left area for z = -3.35 = .0004.

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

11.  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.

12.  H0:  μ = 25.  Ha:  μ > 25.  We don’t have the population standard deviation, so this is a t-test.  Enter the data in list L1, then STAT > TESTS > T-TEST (or calculate the 1-variable statistics for L1 and find t by the formula; consult table D to estimate P).  Use μ0 = 25 and do a right tail test.  Find t = 2.5288, P = .0161.  Since P is small (P = .0161), we have strong evidence that untrained wine sniffers are less sensitive to the odor of dimethyl sulfide in wine than are trained wine experts.

13a.  binompdf(4, 1/6) STO-> L2.       13b.  μ = np = .67, σ = 
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 = .86805

13c.  P(X < 2) = P(X=0 or X=1) = .48225 + .3858 = .86805

14a.  
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= 3.633     14b.  s = 3.253     14c.  
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= .594

14d.  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).  You can check on your calculator using STAT > TESTS > T-INTERVAL

14e.  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.  

15a.  df = n-1 = 21

15b.  From table D row 21, between .05 and .10.  (weak evidence for Ha?)

16a.  The data give very strong evidence that the typical adult male great white shark exceeds 20 feet in length.

16b.  The data do not give strong evidence that the typical adult male great white shark exceeds 20 feet in length.

17.  H0:  “There is no placebo effect”:  
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       Ha:  “There is a placebo effect”:    
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18a.  LINEAR, STRONG, POSITIVE

18b.  
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= 123.235 + 20.2212x.  Enter the degree-days per day data into list L1 and the gas consumption per day data into list L2.  Use STAT > CALC > LinReg(a + bx) to find a = 123.235, b = 20.2212.

18c.  123.235, 932.083

18d.  Be careful that x = 0 is not the “vertical axis” on the scatterplot.  The vertical axis is at x = -10.  Plot the two points and use a straight-edge to draw the line.

18e.  For each additional heating-degree-day per day, Joan uses about 20.2212 additional cubic feet of gas per day.

18f.  932.083 cubic feet per day (sub in x = 40).
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