Elements of Statistics (Math 106) – Final Exam
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Fall 2004 – Brad Hartlaub

1.  Role-playing games like Dungeons & Dragons use many different types of dice.  Suppose that a four-sided die has faces marked 1, 2, 3, and 4.  The intelligence of a character is determined by rolling this die twice and adding 1 to the sum of the spots.

a.
What is the sample space for rolling the die twice (spots on the first and second rolls)?  (5)

b.
What is the sample space for the character’s intelligence?  (5)

c.
Calculate the probabilities for the possible values of a character’s intelligence.  (10)

d.
What is the expected value (mean) of a character’s intelligence?  (5)

e.
What is the standard deviation of a character’s intelligence?  (5)

2.  A certain tennis player makes a successful first serve 70% of the time.  Assume that each serve is independent of the others.  If she serves 6 times, what’s the probability she gets
a.
all 6 serves in?  (5)

b.
exactly 4 serves in?  (5)

c.
at least 4 serves in?  (5)

d.
no more than 4 serves in?  (5)

3.  The quality of orange juice produced by a manufacturer (e.g., Minute Maid, Tropicana) is constantly monitored.  There are numerous sensory and chemical components that combine to make the best tasting orange juice.  For example, one manufacturer has developed a quantitative index of “sweetness” for orange juice.  (The higher the index, the sweeter the juice.)  Data collected on two variables, sweetness and amount of pectin, for 24 production runs at a juice manufacturing plant are shown below and provided in p:\data\math\stats\Ojuice.mtw.
Run  Sweetness  Pectin

  1        5.2     220

  2        5.5     227

  3        6.0     259

  4        5.9     210

  5        5.8     224

  6        6.0     215

  7        5.8     231

  8        5.6     268

  9        5.6     239

 10        5.9     212

 11        5.4     410

 12        5.6     256

 13        5.8     306

 14        5.5     259

 15        5.3     284

 16        5.3     383

 17        5.7     271

 18        5.5     264

 19        5.7     227

 20        5.3     263

 21        5.9     232

 22        5.8     220

 23        5.8     246

 24        5.9     241

a.
Is there a relationship between the sweetness index and the amount of water soluble pectin (parts per million) in the orange juice?  Construct an appropriate plot, explain what the plot illustrates, and provide a descriptive statistic that measures the strength of linear association between sweetness and the amount of pectin.  (10)
b.
Find the least squares line for predicting sweetness from the amount of pectin and interpret the estimates of the slope and intercept parameters in the context of this question.  (10)

c.
Find the predicted value and the residual for a production run with 224 ppm of pectin.  (10)

d.
Construct a normal probability plot of the residuals and explain what this graph tells you about the assumption of normality for the error terms when predicting sweetness from pectin.  (5)
e.
Is there a significant linear association between sweetness and the amount of pectin?  Conduct an appropriate hypothesis test using a significance level of 0.05.  Provide the hypotheses, test statistic, p-value, and conclusion.  (15)
f.
Find a 90% confidence interval for the true slope of the line.  Be sure to interpret your interval.  (10)

4.  The Journal of the American Medical Association published the results of a study of alcohol consumption in patients suffering from acute myocardial infarction (AMI).  The patients were classified according to average number of alcoholic drinks per week and whether or not they had congestive heart failure.  A summary of the results for 1,913 AMI patients is shown in the table below and provided in p:\data\math\stats\AMI.mtw.
	
	
	Alcohol Consumption

	
	
	Abstainers
	Less than 7 drinks per week
	7 or more drinks per week

	Congestive 

Heart Failure
	Yes
	146
	106
	29

	
	No
	750
	590
	292

	
	Totals
	896
	696
	321


a.
Find the sample proportion of abstainers with congestive heart failure.  (3)
b.
Find the sample proportion of moderate drinkers (patients who have less than 7 drinks per week) with congestive heart failure.  (3)

c.
Find the sample proportion of heavy drinkers (patients who have 7 or more drinks per week) with congestive heart failure.  (3)

d.
Compare the proportions in parts (a), (b), and (c).  Does it appear that the proportion of AMI patients with congestive heart failure depends on alcohol consumption?  (5)

e.
Use a significance level of 0.01 to provide a formal test of independence for the two categorical variables of interest to the researchers.  Be sure to state your hypotheses, test statistic, p-value, and conclusion.  (15)
5.  A pupillometer is a device used to observe changes in an individual’s pupil as he or she is exposed to different stimuli.  The Design and Market Research Laboratories of the Container Corporation of America used a pupillometer to evaluate consumer reaction to different silverware patterns for one of its clients.  Suppose 15 consumers were chosen at random, and each was shown two different silverware patterns.  The pupillometer readings (in millimeters) for each consumer are shown below and provided in p:\data\math\stats\pupill.mtw.
Consumer  Pattern1  Pattern 2

       1      1.00       0.80

       2      0.97       0.66

       3      1.45       1.22

       4      1.21       1.00

       5      0.77       0.81

       6      1.32       1.11

       7      1.81       1.30

       8      0.91       0.32

       9      0.98       0.91

      10      1.46       1.10

      11      1.85       1.60

      12      0.33       0.21

      13      1.77       1.50

      14      0.85       0.65

      15      0.15       0.05

a.
Which type of experiment does this represent—independent samples or matched pairs?  (5)
b.
Use a 90% confidence interval to estimate the difference in mean pupil dilation per consumer for silverware patterns 1 and 2.  Interpret the confidence interval, assuming that the pupillometer indeed measures consumer interest.  (10)

c.
Use a significance level of 0.05 to test the hypothesis that the mean dilation differs for the two patterns.  Does your conclusion from the test support your interpretation of the confidence interval in part (b)?  Explain.  (15)

d.
What assumptions are necessary to ensure the validity of the inferences in parts (b) and (c)?  (5)

6.  Scientists have linked the catastrophic decline in the number of frogs inhabiting the world to ultraviolet radiation.  The Pacific tree frog, however, is not believed to be in decline, possibly because it manufactures an enzyme that protects its eggs from ultraviolet radiation.  Researchers at Oregon State University compared the hatching rates of two groups of Pacific tree frog eggs.  One group of eggs was shielded with ultraviolet-blocking sun shades, while the second group was not.  The number of eggs successfully hatched in each group is provided in the table below.  Compare the hatching rates of the two groups of Pacific tree frog eggs with an appropriate hypothesis test, using
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.  Be sure to state your hypotheses, test statistic, p-value, and conclusion.  (20)

	
	Sun-Shaded Eggs
	Unshaded Eggs

	Total number
	70
	80

	Number hatched
	34
	31


7.  Humerus bones from the same species of animal tend to have approximately the same length-to-width ratios.  When fossils of humerus bones are discovered, archeologists can often determine the species of animal by examining the length-to-width ratios of the bones.  It is known that species A exhibits a mean ratio of 8.5.  Fossils of humerus bones were unearthed at an archeological site in East Africa, where species A is believed to have lived.  (Assume that the unearthed bones were all from the same unknown species.)  The length-to-width ratios of the bones were calculated and are provided below and in p:\data\math\stats\bones.mtw.
ratio

   10.73    8.89    9.07    9.20   10.33    9.98    9.84    9.59    8.48

    8.71    9.57    9.29    9.94    8.07    8.37    6.85    8.52    8.87

    6.23    9.41    6.66    9.35    8.86    9.93    8.91   11.77   10.48

   10.39    9.39    9.17    9.89    8.17    8.93    8.80   10.02    8.38

   11.67    8.30    9.17   12.00    9.38
a.
Describe the shape of the distribution of length-to-width ratios for these fossils.  (5)
b.
Provide a measure of center and a measure of spread for the length-to-width ratios (5)

c.
Test whether the population mean ratio of all bones of this particular species differs from 8.5.  Use 
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.  Be sure to state your hypotheses, test statistic, p-value, and conclusion.  (15)

d.
Identify the linear transformation that can be used to standardize the ratios so that they have a mean of zero and a standard deviation of one.  (5)

e.
Find and interpret the standardized z-score for the length-to-width ratio of 12.00.  (10)
8.  The physical fitness of a patient is often measured by the patient’s maximum oxygen uptake (recorded in milliliters per kilogram, ml/kg).  The mean maximum oxygen uptake for cardiac patients who regularly participate in sports or exercise programs was found to be 24.1 with a standard deviation of 6.30.  Assume this distribution is approximately normal.
a.
What is the probability that a cardiac patient who regularly participates in sports has a maximum oxygen uptake of at least 20 ml/kg?  (5)

b.
What is the probability that a cardiac patient who regularly exercises has a maximum oxygen uptake of 10.5 ml/kg or lower?  (5)

c.
Identify the interval that contains the top 10% of maximum oxygen uptakes for patients who regularly exercise.  (5)

9.  A machine used to regulate the amount of dye dispensed for mixing shades of paint can be set so that it discharges an average of 
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milliliters (mL) of dye per can of paint.  The amount of dye discharged is known to have a normal distribution with a standard deviation of .4 mL.  If more than 6 mL of dye are discharged when making a certain shade of blue paint, the shade is unacceptable.  Determine the setting of 
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so that only 1% of the cans of paint will be unacceptable.  (10)
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