Statistics 101, Section 2:   Practice Exam for Midterm II
Instructions:  Write your answers on the exam in the spaces after the questions. For maximum credit, show all work.  Writing an answer without showing work may not receive full credit.

You are permitted to use two sheets of paper filled with whatever information you put on them.  Other notes, texts, or pieces of paper are not permitted. You cannot work with or ask questions of others. If you need clarification on any part of the exam, contact Prof. Reiter.

1. Isolation and brain-wave activity
An experiment was performed to see whether sensory deprivation over an extended period of time has any effect on the alpha-wave frequencies produced by the brain. To determine this, 20 inmates in a Canadian prison were randomly split into two groups of 10. Members of one group were placed in solitary confinement; those in the other group were allowed to remain in their own cells. Seven days later, alpha-wave frequencies were measured for all subjects.  

The data are displayed in the table below. For each column in the table, the variable Differences equals the frequency in the Non-confined row minus the frequency in the Confined row.

	Non-confined
	10.7
	10.7
	10.9
	10.3
	9.6
	11.1
	11.1
	11.2
	10.4
	10.4

	Confined
	9.5
	10.5
	10.3
	9.2
	9.3
	9.9
	9.1
	10.9
	9.4
	9.7

	Differences
	1.2
	0.2
	0.6
	1.1
	0.3
	1.2
	2.0
	0.3
	1.0
	0.7


Here are the summary statistics: 

Variable          Mean   Standard Deviation  
Non-confined      10.58       .46   
Confined           9.78       .61   
Differences        0.80       .55  
a) To assess differences in the population average alpha-wave frequencies of confined prisoners and non-confined prisoners, would you use a matched pairs analysis or a two separate samples analysis?   In two sentences, explain why you chose your analysis, and what, if anything, is wrong with the analysis that you did not choose. 

b)  Give the 95% confidence interval for the difference in the population average alpha-wave frequencies for non-confined prisoners and confined prisoners.  Use 17 degrees of freedom if you do a two-sample analysis and 9 degrees of freedom if you do a matched pairs analysis.
c)  Is there sufficient evidence in these data to conclude that the population average alpha-wave frequency for non-confined prisoners differs from the population average alpha-wave frequency for confined prisoners?  Justify your conclusion using confidence intervals or hypothesis tests. 

d) What assumptions are you using in the methods in parts b and c?  How would you go about checking these assumptions with a statistical software program? Be very brief and very specific with your answers.

e) Based on the study design, do you think valid causal conclusions about the effect of isolation on all alpha-wave frequencies can be drawn for Canadian prisoners?  How about for all people?   Explain why or why not in three or less sentences. 

2. Chucky Cheese
In 1876, Charles Darwin published results of his experiments on the effects of cross-fertilization and self-fertilization in plants. For each run of his experiments, he took one offspring produced from cross-fertilization and one offspring produced from self-fertilization, and he planted them in the same pot at the same time. When the two plants were fully matured, he measured their heights in inches. Darwin repeated this process 15 times, so that he measured the heights of 15 cross-fertilized plants and fifteen self-fertilized plants.  It took him eleven years to complete his experiments.  Darwin's data are in the table below.  In the table, Diffs is the difference in heights (cross - self) in each pot.

	Cross
	23.5
	12.0
	21
	22
	19.1
	21.5
	21.1
	20.4
	18.2
	21.7
	23.2
	21
	21.1
	23.1
	12.1

	Self
	17.4
	20.4
	20
	20
	18.3
	18.7
	18.7
	15.2
	16.5
	18.0
	16.2
	18
	12.8
	15.5
	18.1

	Diffs
	6.1
	-8.4
	1
	2
	0.8
	2.8
	3.5
	5.1
	1.8
	3.7
	7.0
	3
	9.4
	7.5
	-6.0


Here are the summary statistics for Darwin's data:

Variable            Mean     Standard Deviation 
Cross-fertilized   20.21          3.63  
Self-fertilized    17.58          2.06  
Diffs               2.63          1.97  
Darwin suspected that cross-fertilization was more successful than self-fertilization, where success was measured by height of the plant. Darwin had minimal knowledge of statistics, so he asked his statistician friend Galton for help.  (FYI--Galton is the guy who invented regression analysis.)

Pretend we're back in the 1870s and that you rather than Galton are the consulting statistician for Charles Darwin (pretty hefty responsibility, eh?).

a)  Darwin wants to know if there is sufficient evidence in his data to conclude that the population average height of cross-fertilized plants is greater than the population average height of self-fertilized plants. Would you use a matched pairs or two separate groups analysis? In two sentences, explain why you chose your analysis, and what, if anything, is wrong with the analysis that you did not choose. 

b) Darwin wants a sense of the magnitude of the difference in population average heights of cross-fertilized and self-fertilized plants. Give him a 95% confidence interval for this difference. Use 25 degrees of freedom if you decided on a two-sample analysis and 14 degrees of freedom if you decided on a matched pairs analysis.
c) Test the hypothesis that there is sufficient evidence in his data to conclude that the population average height of cross-fertilized plants is greater than the population average height of self-fertilized plants.  Show your hypotheses, test statistic, p-value, and conclusions.

d) What assumptions are you using in the methods in parts b and c?  How would you go about checking these assumptions with a statistical software program? Be very brief and very specific with your answers.

e) Actually, Galton analyzed these data as follows. First, he ordered all fifteen cross-fertilized plants from largest to smallest height.  Next, he ordered all fifteen self-fertilized plants from largest to smallest height.  Finally, he took the differences between these ordered heights, and he did a t-test of the null hypothesis that the population average of this difference variable is less than or equal to zero.  A table showing Galton's manipulations of the Darwin data is shown below.  The variable Dif contains the differences in the cross-fertilized and self-fertilized plants by Galton's height order pairings.

Data for Galton's Analysis for Problem 2
	Cross
	23.5
	23.3
	23
	22.3
	22.3
	22.0
	21.7
	21.5
	21
	21.0
	20.4
	19.2
	18.3
	12.0
	12.0

	Self
	20.4
	20.0
	20
	18.7
	18.7
	18.4
	18.0
	18.0
	18
	17.4
	16.5
	16.3
	15.5
	15.3
	12.8

	Dif
	3.1
	3.3
	3
	3.6
	5.6
	5.6
	3.7
	3.5
	3
	3.6
	3.9
	2.9
	2.8
	-3.3
	-0.8


QUESTION: Is Galton's analysis a valid method of testing Darwin's claim that the population average heights of the cross-fertilized is greater than the population average height of self-fertilized plants?  Justify why or why not in four or less sentences.


3.  A real bloody problem
In a study of a new drug for lowering blood pressure, researchers randomly assign 100 people to get the new drug and 100 people to get a standard drug.  Both patients and doctors in the study do not know which drug they are taking.  At the end of six weeks, the patients' blood pressures are measured.  

Here are the summary statistics for blood pressure measurements (BP) for each drug group:
Variable                 Mean  Standard Deviation  
BP new drug group       135.2         15.2   
BP standard drug group  137.3         16.0  
Out of the 100 patients who took the new drug, 13 had at least one bad side effect. And, out of the 100 patients who took the old drug, 10 had at least one bad side effect. 

a)  Describe the analysis you'd use to test if there is a difference in the effects of the two drugs on blood pressure. In your descriptions, include the method that you'd use, your null and alternative hypotheses, and the assumptions that need to hold for the method to be valid.  Make sure to define all parameters used in the hypotheses.  (You don't have to carry out the analysis.)

b) Give a 95% confidence interval for the population percentage of people who get at least one bad side effect from the new drug.  Also, list the assumptions that need to hold for your method to be valid, and discuss in three or less sentences whether they hold.
c) Give a 95% confidence interval for the difference in the population percentages of people who get at least one bad side effect from the new drug versus the standard drug.  Also, list the assumptions that need to hold for your method to be valid, and discuss in three or less sentences whether they hold.  

d) To save time and money, you didn't measure subjects' blood pressures before they started taking the drugs. A physician reviewing your study says you can't tell which drug is better at lowering blood pressure because you can't measure the changes in people's blood pressure.  Do you agree or disagree with the physician's comments?  Explain your reasoning in four or less sentences.

4. Lotteries
The Pennsylvania Daily Number is a lottery game in which the state constructs a three digit number by drawing a digit from 0 to 9 from each of three different containers.  For example, if the digits were drawn in the order 3, 6, 3, then the winning number would be 363.  In this problem, we focus only on the first container.  If the numbers are truly randomly selected, each value between 0 and 9 should be equally likely to occur. 

To test if the digits are randomly selected, the frequencies of each digit in the first container were collected for the 500 days between July 19, 1999, and November 29,2000.  The frequencies are given below:


	Digit
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Frequency
	47
	50
	55
	46
	53
	39
	55
	55
	44
	56


To see if the digits are randomly selected, two analyses are proposed:

(i)  Form the null hypothesis that the population average of the frequencies for these draws equals 50, and the alternative hypothesis that the sample average does not equal 50.  To do this, a t-test is performed using the test statistic:  

t = (sample average frequency – 50)/SE, where SE is the standard error of the 10 frequencies above.

(ii) Form the null hypothesis that the population percentages of each digit equal 0.1, and use a chi-squared goodness of fit test with the test statistic:

x2 = sum[(observed – expected)2 / expected]  
a)  Which of these two analyses would you use?  Explain why chose that analysis, and what, if anything, is wrong with the other analysis.  

b)  For the t-test, the p-value equals 0.999.  For the chi-squared test, the p-value equals 0.733.  Using the method you selected in part a, what does the p-value tell you about whether the numbers are randomly selected?

c)  I want you to change the frequencies for 8 and 9 above so that the p-value for your analysis is much smaller than the one in part b.  Write the frequencies for 8 and 9 that you’d use to make this happen.   
5.  More on Midterm 1 analysis.  


Let’s consider the experiment used in the review problems of midterm 1, in which toddlers were randomly assigned to either get intensive childcare or not to get it.  Suppose that at the end of the study the researchers ask each child’s primary caregiver whether he or she is happy with the child’s intellectual development since the assignment of treatments.

Suppose you want to determine whether the caregivers of kids who would be exposed to the treatment are happier than the caregivers of kids who would be exposed to the control.  You perform a one-tailed hypothesis test, using the alternative hypothesis that the percentage of happy caregivers under the treatment is larger than the percentage of happy caregivers under the control.  In the test statistic, the observed difference in the percentages equals the sample percentage for the treated group minus the sample percentage for the control group.

The z-statistic for this test equals 0.30, which corresponds to a p-value of about 0.38.

Which of the following statements related to this hypothesis test are true?  Write true or false underneath each statement.  If it is not possible to tell from the information given, write “Cannot tell.” 


   (i) In 38% of all samples, the sample percentage of happy caregivers will be larger for the treated group than for the control group. 


  (ii) The sample percentage of happy caregivers is larger for the treated group than for the control group.


 (iii) There is about a 30% difference in the sample percentages in the two groups.

 
 (iv) There is a 38% chance that caregivers whose child is assigned to the treatment condition will be happier than caregivers whose child is assigned to the control condition.

(v)  Heads-up: this is not a true/false question.  
Based on the p-value of 0.38, write a brief conclusion about the effect on caregivers’ happiness of the treatment compared to the control.

6.  Death Penalty and Marijuana

In the 1993 General Social Survey (GSS), a national random sample of 933 U.S. residents, people were asked the following two questions:

Do you favor or oppose the death penalty for persons convicted of murder?

Do you think the use of marijuana should be made legal or not?

There are 713 people who favor the death penalty.  Out of those 713, 152 think marijuana should be legal.  There are 220 who do not favor the death penalty.  Out of those 220, 61 think marijuana should be legal.

a) Give a likely range for the percentage of all people in the 1993 U.S. population who favor the death penalty.  Use one 95% confidence interval.

b)  Suppose you are planning a new study that won’t use these 933 people.  For this new study, how many people would you need to sample so that a 95% confidence interval for the population percentage of people who favor the death penalty has a margin of error of ±0.01 (that’s 1%)?  You can use the sample percentage from the GSS as your best guess at the percentage.


c)  Suppose there is no association at all between opinions on the death penalty and opinions on legalization of marijuana.  In a random sample of 933 people, how many would you expect to be in favor of both the death penalty and legalizing marijuana?

d) You perform a chi-squared test to see if there is any significant association between opinions on the death penalty and on the legalization of marijuana.  The value of the chi-squared test statistic equals 3.92, which corresponds to a p-value of 0.047.  Assuming p-values in the .05 range are small, what would you conclude about the relationship between opinions on the death penalty and on the legalization of marijuana?  Write your conclusion without using jargon like “Reject the null hypothesis” or “Do not reject the null hypothesis.”


7.  Me work out.  Me strong.

In a previous STA 101 project, one group formed a 99% confidence interval for the average number of minutes male Duke undergraduate students spend at the gym during a typical workout session.  Based on a random sample of 33 men, the 99% confidence interval was 25.3 to 50.1 minutes.  The data follow roughly a normal curve, with no severe outliers.  The 99% CI multiplier for a t-curve with 32 degrees of freedom is 2.738.

a) What is the SD for these 33 men?  No credit will be given unless your work is shown.

b) Which of the following statements are true?  Write true or false in the blank underneath each statement.  If it is not possible to tell from the information given, write “Cannot tell.”  Each part is worth 5 points.   You don’t have to explain your answer.

 i) If we took random samples of 33 male Duke undergraduate students over and over again, we would expect roughly 95% of the sample averages to fall within two SEs of the population average.
 
 ii)  Approximately 99% of all Duke men work out between 25.3 and 50.1 minutes during a workout.

iii)  There is a 1% chance that the population average time spent working out by male Duke undergraduate students is greater than 50.1.

iv) A 95% confidence interval made using the same data has a larger lower limit than 25.3 and a smaller upper limit than 50.1.
