Statistics 101, Section 001:                        
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. It’s All About the Benjamins, Baby
When a customer uses a credit card to purchase an item from a store, the store owners pay the credit card company a percentage of the amount charged.  A certain credit card company seeks to increase the amounts customers charge on its credit card.  In hopes of doing so, the company is considering two proposals.  Proposal A reduces the annual fee for customers who charge $2,400 or more during the year, and Proposal B returns a small percentage of the total amount charged as a cash rebate at the end of the year.
To study the proposals, the company offers Proposal A to a random sample of 150 of its credit card customers and offers Proposal B to a separate random sample of 150 of its credit card customers.  At the end of the year, the company records the total amount charged by each of these customers (we'll label this variable as AMT).

The summary statistics for the AMT variable are displayed below.

Group         Mean  Standard Deviation 

Proposal A    3276       466  

Proposal B    3083       473  

For each customer, they also record whether the customer charged more on their card with the new feature than he or she did last year without the feature (we'll label this variable as INC).  Define INC = 1 for a person who increased his or her charges, and INC = 0 for a person who did not increase his or her charges.

The summary statistics for the INC variable are displayed below:

           Number of People   Number of People 

Group          with INC = 1      with INC = 0    

Proposal A       84                  66 

Proposal B       92                  58  

You are the consulting statistician for the credit card company.

(i) The bank wants a sense of what would have happened over the year if all of its customers (i.e., millions of people) were given Proposal B.  The bank claims that more than 50% of customers would have increased their charges when given Proposal B. Test their claim with a statistical significance test.  Write the null and alternative hypotheses, the value of the test-statistic, the p-value, and your conclusions.  Assume p-values around 0.05 are considered small for this test.
(ii) The bank wants to dig deeper with Proposal B. They want a likely range for the average amount all customers would have charged over the year when given Proposal B.  Give them a 95% confidence interval for this average amount.
(iii) We could repeat the same analyses for Proposal A, but let’s not do that given time constraints of an exam.  Instead, let’s jump right to comparisons of Proposal A and Proposal B.   First, the bank wants a likely range for the difference in average amount charged when all customers receive Proposal A and the average amount charged when all customers receive Proposal B. Give a 95% confidence interval for this difference (use A – B).  

(iv)  Based on the interval in (iii), what do you conclude about Proposal A as compared to Proposal B?  Write at most two sentences describing what you’d tell the bank about Proposal A versus Proposal B from the CI.
(v)  The bank wants to know whether there would have been a difference in the percentage of customers who increased their charges when given Proposal A and the percentage of customers who increased their charges when given Proposal B.  Answer this question with a statistical hypothesis test.  Write your null and alternative hypothesis, the test statistic, the p-value, and your conclusions.  Assume that p-values around 0.05 are small for this test.

(vi) Which one of the three choices below is true:

____  Proposal A causes a higher average charge relative to Proposal B.
____  Proposal B causes a higher average charge relative to Proposal A.
____  The study is not designed in a way that allows us to say that one proposal causes a higher average charge than the other proposal.

(vii) Choose all that are true:


____  Proposal A causes people to increase their charges.
____  Proposal B causes people to increase their charges.
____  The study is not designed in a way that allows us to say whether the proposals cause people to increase their charges.

2.  Is carpeting in hospitals sanitary?

The use of carpeting in hospitals raises an obvious question: are carpeted floors sanitary?  One way to get at this is to compare carpeted and uncarpeted rooms.  Airborne bacteria can be counted by passing room air at a known rate over a growth medium, and then counting the number of bacterial colonies that form.  In one such study done in a Montana hospital, room air was pumped over a Petri dish at the rate of 1 cubic foot per minute.  This procedure was applied in 8 carpeted and 8 uncarpeted rooms.  The results, expressed in terms of “bacteria per cubic foot of air”, are displayed below.  For each column in the table, the variable Differences equals the frequency in the Carpeted row minus the frequency in the Uncarpeted row.
	Carpeted
	11.8
	8.2
	7.1
	13.0
	10.8
	10.1
	14.6
	14.0

	Uncarpeted
	12.1
	8.3
	7.2
	3.8
	12.0
	11.1
	10.1
	13.7

	Differences
	-0.3
	-0.1
	-0.1
	9.2
	-1.2
	-1.0
	3.5
	0.3


Here are the summary statistics: 

Variable          Mean   Standard Deviation  
Carpeted         11.20       2.68   
Uncarpeted        9.79       3.21   
Differences       1.41       3.51  
(i) To assess differences in the bacteria rates of carpeted and uncarpeted rooms in this hospital, would you use a matched pairs analysis or a two separate samples analysis?  Explain concisely why you chose your analysis and what, if anything, is wrong with the analysis that you did not choose. 
(ii) Is there sufficient evidence in these data to conclude that the population average bacteria rate for carpeted rooms differs from the population average bacteria rate for uncarpeted rooms?  Write your null and alternative hypotheses, the test statistic, the p-value, and your conclusion.  Use 13 degrees of freedom if you choose a two sample analysis and 7 degrees of freedom if you choose a matched pairs analysis.
(iii) The uncarpeted room with a 3.8 bacteria level is an outlier among uncarpeted rooms.  Hence, we should do the data analysis with and without the outlier to see if the conclusions are sensitive to this individual point.  If you used a two separate sample analyses, you’d include only the seven uncarpeted rooms when calculating the relevant summary statistics for uncarpeted rooms.  The summary statistics for the carpeted rooms would not change.  If you used a matched pairs analysis, you’d do the analysis without the 9.2.  

 a)  True or False:  After you exclude the outlier, the sample mean for the uncarpeted rooms should get closer to the sample mean for the carpeted rooms.


 b)  True or False:  After you exclude the outlier, the sample standard deviation for the uncarpeted rooms should increase.
Information for part c:  For both tests, the test statistic decreases in absolute value after you exclude the outlier.  

 c) True or False:  When you exclude the outlier, the p-value will be larger than the p-value you computed in part (ii).
 d) Based on your answer to (c), would you change your conclusions about the cleanliness of carpeted rooms relative to uncarpeted rooms after removing the outlier?  Explain briefly.

3. Nonresponse in telephone surveys
Telephone surveys often have high initial rates of nonresponse, as people are frequently not at home when a call is made.  Does leaving a message on an answering machine affect response rates when the people are called again?  Xu, Bates, and Schweitzer (1993) performed a study to assess this question.

During a telephone survey of about 2,400 households, they got answering machines for 391 of the calls.  When they got an answering machine, they randomly decided to take one of four actions:

Action       Description

NONE         leave no message on the machine

UNIV+APPEAL  leave a message on the machine that says the study is 

             sponsored by a university and appeals for response

UNIV         leave a message on the machine that says the study is 

             sponsored by a university but does not appeal for response

BASIC        leave a message on the machine that does not indicate
             university sponsorship and does not appeal for response

Below are the number of households that received each message type and the number of these household that ultimately completed the survey after being called again:

Action      Number of Households     Number who complete the survey

NONE              100                             33 

UNIV+APPEAL        94                             43

UNIV               97                             43

BASIC             100                             48
(i) You want to perform a chi-squared test of independence to see if there is a relationship between message action and completion of the survey. Your assistant tells you that the sum of seven of the eight individual pieces of the chi-squared test statistic equals 4.8.  The missing piece is for the category of people who got the BASIC message and completed the survey.  Compute the value of the chi-squared test statistic after including the final missing piece.

(ii)  The p-value for the chi-squared test equals 0.14.  What do you conclude about the relationship between message action and completion rates?   Assume p-values near .05 are small.
(iii) If you could change the number of people in the BASIC category who completed the survey, what number would you use to make the chi-squared test result in a very small p-value?  Explain briefly why you chose that number.

4. Roulette 

In the gambling game roulette, you pick a number from 1 to 38.  Then, the game manager spins a wheel that picks the winning number.  Each number from 1 to 38 has an equal chance of being the winner.  There are no other numbers on the wheel except 1 through 38.


(i) True or False :   If the wheel is spun 380 times, the percentage of times that the number 8 will be the winner will equal exactly 10.
(ii) The wheel is spun 500 times per night in the casino. What is the probability that the number 8 will be the winner at least fifteen times during one night?
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