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4. The anterior cruciate ligament (ACL) is one of the ligaments that help stabilize the knee. Surgery is often
recommended if the ACL is completely torn, and recovery time from the surgery can be lengthy. A medical
center developed a new surgical procedure designed to reduce the average recovery time from the surgery. To
test the effectiveness of the new procedure, a study was conducted in which 210 patients needing surgery to
repair a torn ACL were randomly assigned to receive either the standard procedure or the new procedure.

(a) Based on the design of the study, would a statistically significant result allow the medical center to conclude
that the new procedure causes a reduction in recovery time compared to the standard procedure, for patients
similar to those in the study? Explain your answer.

(b) Summary statistics on the recovery times from the surgery are shown in the table.

Type of 
Procedure 

Sample 

Size 

Mean Recovery Time 
(days) 

Standard Deviation 
Recovery Time (days)  

Standard 110 217 34 

New 100 186 29 

Do the data provide convincing statistical evidence that those who receive the new procedure will have less 
recovery time from the surgery, on average, than those who receive the standard procedure, for patients 
similar to those in the study? 
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2. The manager of a local fast-food restaurant is concerned about customers who ask for a water cup when placing
an order but fill the cup with a soft drink from the beverage fountain instead of filling the cup with water. The
manager selected a random sample of 80 customers who asked for a water cup when placing an order and found
that 23 of those customers filled the cup with a soft drink from the beverage fountain.

(a) Construct and interpret a 95 percent confidence interval for the proportion of all customers who, having
asked for a water cup when placing an order, will fill the cup with a soft drink from the beverage fountain. 

(b) The manager estimates that each customer who asks for a water cup but fills it with a soft drink costs the 
restaurant $0.25. Suppose that in the month of June 3,000 customers ask for a water cup when placing  
an order. Use the confidence interval constructed in part (a) to give an interval estimate for the cost to  
the restaurant for the month of June from the customers who ask for a water cup but fill the cup with  
a soft drink. 

1.

2.

3.

2017 AP
®
 STATISTICS FREE-RESPONSE QUESTIONS 

© 2017 The College Board.  
Visit the College Board on the Web: www.collegeboard.org. 

GO ON TO THE NEXT PAGE. 

-10- 

5. The table and the bar chart below summarize the age at diagnosis, in years, for a random sample of 207 men and
women currently being treated for schizophrenia.

Age-Group (years) 

20 to 29 30 to 39 40 to 49 50 to 59 Total 

Women 46 40 21 12 119

Men 53 23  9  3  88 

Total 99 63 30 15 207

Do the data provide convincing statistical evidence of an association between age-group and gender in the 
diagnosis of schizophrenia? 
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4. A researcher conducted a medical study to investigate whether taking a low-dose aspirin reduces the chance
of developing colon cancer. As part of the study, 1,000 adult volunteers were randomly assigned to one of two
groups. Half of the volunteers were assigned to the experimental group that took a low-dose aspirin each day,
and the other half were assigned to the control group that took a placebo each day. At the end of six years,
15 of the people who took the low-dose aspirin had developed colon cancer and 26 of the people who took
the placebo had developed colon cancer. At the significance level 0.05a  ,  do the data provide convincing

statistical evidence that taking a low-dose aspirin each day would reduce the chance of developing colon cancer
among all people similar to the volunteers?

4.
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5. A polling agency showed the following two statements to a random sample of 1,048 adults in the United States.

Environment statement: Protection of the environment should be given priority over economic growth. 

Economy statement: Economic growth should be given priority over protection of the environment. 

The order in which the statements were shown was randomly selected for each person in the sample. After 
reading the statements, each person was asked to choose the statement that was most consistent with his or her 
opinion. The results are shown in the table. 

Environment Statement Economy Statement No Preference 

Percent of sample 58% 37% 5% 

(a) Assume the conditions for inference have been met. Construct and interpret a 95 percent confidence interval 
for the proportion of all adults in the United States who would have chosen the economy statement. 

(b) One of the conditions for inference that was met is that the number who chose the economy statement and 
the number who did not choose the economy statement are both greater than 10. Explain why it is necessary 
to satisfy that condition. 

(c) A suggestion was made to use a two-sample z-interval for a difference between proportions to investigate 
whether the difference in proportions between adults in the United States who would have chosen the 
environment statement and adults in the United States who would have chosen the economy statement is 
statistically significant. Is the two-sample z-interval for a difference between proportions an appropriate 
procedure to investigate the difference? Justify your answer.  
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5. A researcher conducted a study to investigate whether local car dealers tend to charge women more than men for 
the same car model. Using information from the county tax collector’s records, the researcher randomly selected 
one man and one woman from among everyone who had purchased the same model of an identically equipped 
car from the same dealer. The process was repeated for a total of 8 randomly selected car models. 

 The purchase prices and the differences (woman – man) are shown in the table below. Summary statistics are 
also shown. 

Car model 1 2 3 4 5 6 7 8

Women $20,100 $17,400 $22,300 $32,500 $17,710 $21,500 $29,600 $46,300

Men $19,580 $17,500 $21,400 $32,300 $17,720 $20,300 $28,300 $45,630

Difference $520 �$100 $900 $200 �$10 $1,200 $1,300 $670

 Mean Standard Deviation

Women $25,926.25 $9,846.61

Men $25,341.25 $9,728.60

Difference $585.00 $530.71

Dotplots of the data and the differences are shown below. 

Do the data provide convincing evidence that, on average, women pay more than men in the county for the same 
car model? 2012 AP
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 4. A survey organization conducted telephone interviews in December 2008 in which 1,009 randomly selected 
adults in the United States responded to the following question. 

 

At the present time, do you think television commercials are an effective way to promote a new product? 

 

  Of the 1,009 adults surveyed, 676 responded “yes.” In December 2007, 622 of 1,020 randomly selected adults in 
the United States had responded “yes” to the same question. Do the data provide convincing evidence that the 
proportion of adults in the United States who would respond “yes” to the question changed from December 2007 
to December 2008 ? 
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STATISTICS 

SECTION II 

Part A 

Questions 1-5 

Spend about 65 minutes on this part of the exam. 

Percent of Section II score—75 

 
Directions:  Show all your work. Indicate clearly the methods you use, because you will be scored on the 
correctness of your methods as well as on the accuracy and completeness of your results and explanations. 
 
 1. An environmental group conducted a study to determine whether crows in a certain region were ingesting food 

containing unhealthy levels of lead. A biologist classified lead levels greater than 6.0 parts per million (ppm) as 
unhealthy. The lead levels of a random sample of 23 crows in the region were measured and recorded. The data 
are shown in the stemplot below. 

Lead Levels 
 

2 8 
3 0 
3 5 8 8 
4 1 1 2 
4 6 8 8 

 5 0 1 2 2 3 4 
5 9 9 
6 3 4 
6 6 8 

 

Key: 2 8 2.8  ppm 

 
(a) What proportion of crows in the sample had lead levels that are classified by the biologist as unhealthy? 

 

(b) The mean lead level of the 23 crows in the sample was 4.90 ppm and the standard deviation was 1.12 ppm. 
Construct and interpret a 95 percent confidence interval for the mean lead level of crows in the region. 

Set A

2011 AP
®
 STATISTICS FREE-RESPONSE QUESTIONS 

 

© 2011 The College Board.  
Visit the College Board on the Web: www.collegeboard.org. 

 

  GO ON TO THE NEXT PAGE. 

-10- 

 5. Windmills generate electricity by transferring energy from wind to a turbine. A study was conducted to examine 
the relationship between wind velocity in miles per hour (mph) and electricity production in amperes for one 
particular windmill. For the windmill, measurements were taken on twenty-five randomly selected days, and the 
computer output for the regression analysis for predicting electricity production based on wind velocity is given 
below. The regression model assumptions were checked and determined to be reasonable over the interval of 
wind speeds represented in the data, which were from 10 miles per hour to 40 miles per hour.  

 

 

 
(a) Use the computer output above to determine the equation of the least squares regression line. Identify all 

variables used in the equation. 

 
(b) How much more electricity would the windmill be expected to produce on a day when the wind velocity is 

25 mph than on a day when the wind velocity is 15 mph? Show how you arrived at your answer. 

 
(c) What proportion of the variation in electricity production is explained by its linear relationship with wind 

velocity? 

 
(d) Is there statistically convincing evidence that electricity production by the windmill is related to wind 

velocity? Explain. 
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 5. Windmills generate electricity by transferring energy from wind to a turbine. A study was conducted to examine 
the relationship between wind velocity in miles per hour (mph) and electricity production in amperes for one 
particular windmill. For the windmill, measurements were taken on twenty-five randomly selected days, and the 
computer output for the regression analysis for predicting electricity production based on wind velocity is given 
below. The regression model assumptions were checked and determined to be reasonable over the interval of 
wind speeds represented in the data, which were from 10 miles per hour to 40 miles per hour.  

 

 

 
(a) Use the computer output above to determine the equation of the least squares regression line. Identify all 

variables used in the equation. 

 
(b) How much more electricity would the windmill be expected to produce on a day when the wind velocity is 

25 mph than on a day when the wind velocity is 15 mph? Show how you arrived at your answer. 

 
(c) What proportion of the variation in electricity production is explained by its linear relationship with wind 

velocity? 

 
(d) Is there statistically convincing evidence that electricity production by the windmill is related to wind 

velocity? Explain. 
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STATISTICS 

SECTION II 

Part B 

Question 6 

Spend about 25 minutes on this part of the exam. 

Percent of Section II score—25 

 
Directions:  Show all your work. Indicate clearly the methods you use, because you will be graded on the 
correctness of your methods as well as on the accuracy and completeness of your results and explanations. 
 

 6. Two treatments, A and B, showed promise for treating a potentially fatal disease. A randomized experiment was 
conducted to determine whether there is a significant difference in the survival rate between patients who receive 
treatment A and those who receive treatment B. Of 154 patients who received treatment A, 38 survived for at 
least 15 years, whereas 16 of the 164 patients who received treatment B survived at least 15 years. 

 

(a) Treatment A can be administered only as a pill, and treatment B can be administered only as an injection. 
Can this randomized experiment be performed as a double-blind experiment? Why or why not? 

(b) The conditions for inference have been met. Construct and interpret a 95 percent confidence interval for the 
difference between the proportion of the population who would survive at least 15 years if given treatment A 
and the proportion of the population who would survive at least 15 years if given treatment B.  

  In many of these types of studies, physicians are interested in the ratio of survival probabilities, A

B

p

p
, where  

Ap  represents the true 15-year survival rate for all patients who receive treatment A and Bp  represents the true 

15-year survival rate for all patients who receive treatment B. This ratio is usually referred to as the relative risk 
of the two treatments. 

  For example, a relative risk of 1 indicates the survival rates for patients receiving the two treatments are equal, 
whereas a relative risk of 1.5 indicates that the survival rate for patients receiving treatment A is 50 percent 
higher than the survival rate for patients receiving treatment B. An estimator of the relative risk is the ratio of 

estimated probabilities, 
ˆ

.
ˆ

A

B

p

p
 

 

(c) Using the data from the randomized experiment described above, compute the estimate of the relative risk. 

 

  The sampling distribution of 
ˆ

ˆ
A

B

p

p
 is skewed. However, when both sample sizes An and Bn  are relatively large, 

the distribution of 
ˆ

ln
ˆ

A

B

p

p

Ê ˆ
Á ˜Ë ¯  — the natural logarithm of relative risk — is approximately normal with a mean of 

ln A

B

p

p

Ê ˆ
Á ˜Ë ¯  and a standard deviation of

1 1A B

A A B B

p p

n p n p

- -
+ , where Ap  and Bp  can be estimated by using ˆ

Ap   

and ˆ
Bp . 
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STATISTICS 

SECTION II 

Part B 

Question 6 

Spend about 25 minutes on this part of the exam. 

Percent of Section II score—25 

 
Directions:  Show all your work. Indicate clearly the methods you use, because you will be graded on the 
correctness of your methods as well as on the accuracy and completeness of your results and explanations. 
 

 6. Two treatments, A and B, showed promise for treating a potentially fatal disease. A randomized experiment was 
conducted to determine whether there is a significant difference in the survival rate between patients who receive 
treatment A and those who receive treatment B. Of 154 patients who received treatment A, 38 survived for at 
least 15 years, whereas 16 of the 164 patients who received treatment B survived at least 15 years. 

 

(a) Treatment A can be administered only as a pill, and treatment B can be administered only as an injection. 
Can this randomized experiment be performed as a double-blind experiment? Why or why not? 

(b) The conditions for inference have been met. Construct and interpret a 95 percent confidence interval for the 
difference between the proportion of the population who would survive at least 15 years if given treatment A 
and the proportion of the population who would survive at least 15 years if given treatment B.  

  In many of these types of studies, physicians are interested in the ratio of survival probabilities, A

B

p

p
, where  

Ap  represents the true 15-year survival rate for all patients who receive treatment A and Bp  represents the true 

15-year survival rate for all patients who receive treatment B. This ratio is usually referred to as the relative risk 
of the two treatments. 

  For example, a relative risk of 1 indicates the survival rates for patients receiving the two treatments are equal, 
whereas a relative risk of 1.5 indicates that the survival rate for patients receiving treatment A is 50 percent 
higher than the survival rate for patients receiving treatment B. An estimator of the relative risk is the ratio of 

estimated probabilities, 
ˆ

.
ˆ

A

B

p

p
 

 

(c) Using the data from the randomized experiment described above, compute the estimate of the relative risk. 

 

  The sampling distribution of 
ˆ

ˆ
A

B

p

p
 is skewed. However, when both sample sizes An and Bn  are relatively large, 

the distribution of 
ˆ
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ˆ

A

B

p

p
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Á ˜Ë ¯  — the natural logarithm of relative risk — is approximately normal with a mean of 
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p

p
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Á ˜Ë ¯  and a standard deviation of

1 1A B

A A B B

p p

n p n p
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+ , where Ap  and Bp  can be estimated by using ˆ
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and ˆ
Bp . 
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 5. During a flu vaccine shortage in the United States, it was believed that 45 percent of vaccine-eligible people 
received flu vaccine. The results of a survey given to a random sample of 2,350 vaccine-eligible people indicated  
that 978 of the 2,350 people had received flu vaccine. 

(a) Construct a 99 percent confidence interval for the proportion of vaccine-eligible people who had received flu 
vaccine. Use your confidence interval to comment on the belief that 45 percent of the vaccine-eligible 
people had received flu vaccine. 

(b) Suppose a similar survey will be given to vaccine-eligible people in Canada by Canadian health officials.  
A 99 percent confidence interval for the proportion of people who will have received flu vaccine is to be 
constructed. What is the smallest sample size that can be used to guarantee that the margin of error will be 
less than or equal to 0.02 ? 
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2. Product advertisers studied the effects of television ads on children’s choices for two new snacks. The 

advertisers used two 30-second television ads in an experiment. One ad was for a new sugary snack called 
Choco-Zuties, and the other ad was for a new healthy snack called Apple-Zuties. 

For the experiment, 75 children were randomly assigned to one of three groups, A, B, or C. Each child  
individually watched a 30-minute television program that was interrupted for 5 minutes of advertising.  
The advertising was the same for each group with the following exceptions.  

The advertising for group A included the Choco-Zuties ad but not the Apple-Zuties ad. 
The advertising for group B included the Apple-Zuties ad but not the Choco-Zuties ad. 
The advertising for group C included neither the Choco-Zuties ad nor the Apple-Zuties ad. 

• 
• 
• 

After the program, the children were offered a choice between the two snacks. The table below summarizes their 
choices. 

Group Type of Ad 
Number Who Chose 

Choco-Zuties 
Number Who Chose 

Apple-Zuties 

A Choco-Zuties only 21 4

B Apple-Zuties only 13 12

C Neither 22 3

(a) Do the data provide convincing statistical evidence that there is an association between type of ad and 
children’s choice of snack among all children similar to those who  participated in the experiment? 

(b) Write a few sentences describing the effect of each ad on children’s choice of snack. 
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 4. High cholesterol levels in people can be reduced by exercise, diet, and medication. Twenty middle-aged males 
with cholesterol readings between 220 and 240 milligrams per deciliter (mg/dL) of blood were randomly 
selected from the population of such male patients at a large local hospital. Ten of the 20 males were randomly 
assigned to group A, advised on appropriate exercise and diet, and also received a placebo. The other 10 males 
were assigned to group B, received the same advice on appropriate exercise and diet, but received a drug 
intended to reduce cholesterol instead of a placebo. After three months, posttreatment cholesterol readings were 
taken for all 20 males and compared to pretreatment cholesterol readings. The tables below give the reduction in 
cholesterol level (pretreatment reading minus posttreatment reading) for each male in the study. 

 Group A (placebo) 

Reduction (in mg/dL) 2 19 8 4 12 8 17 7 24 1 

 Mean Reduction:  10.20 Standard Deviation of Reductions:  7.66 
 
 Group B (cholesterol drug) 

Reduction (in mg/dL) 30 19 18 17 20 4-  23 10 9 22 

 Mean Reduction:  16.40 Standard Deviation of Reductions:  9.40 
 
  Do the data provide convincing evidence, at the 0 01.=α  level, that the cholesterol drug is effective in 

producing a reduction in mean cholesterol level beyond that produced by exercise and diet? 
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 3. A French study was conducted in the 1990s to compare the effectiveness of using an instrument called a 
cardiopump with the effectiveness of using traditional cardiopulmonary resuscitation (CPR) in saving lives of 
heart attack victims. Heart attack patients in participating cities were treated with either a cardiopump or CPR, 
depending on whether the individual’s heart attack occurred on an even-numbered or an odd-numbered day of 
the month. Before the start of the study, a coin was tossed to determine which treatment, a cardiopump or CPR, 
was given on the even-numbered days. The other treatment was given on the odd-numbered days. In total,  
754 patients were treated with a cardiopump, and 37 survived at least one year; while 746 patients were treated 
with CPR, and 15 survived at least one year. 

 
(a) The conditions for inference are satisfied in the study. State the conditions and indicate how they are 

satisfied. 

(b) Perform a statistical test to determine whether the survival rate for patients treated with a cardiopump is 
significantly higher than the survival rate for patients treated with CPR.  

 
 
 
 4. A manufacturer of toxic pesticide granules plans to use a dye to color the pesticide so that birds will avoid eating 

it. A series of experiments will be designed to find colors or patterns that three bird species (blackbirds, starlings, 
and geese) will avoid eating. Representative samples of birds will be captured to use in the experiments, and the 
response variable will be the amount of time a hungry bird will avoid eating food of a particular color or pattern. 

(a) Previous research has shown that male birds do not avoid solid colors. However, it is possible that males 
might avoid colors displayed in a pattern, such as stripes. In an effort to prevent males from eating the 
pesticide, the following two treatments are applied to the pesticide granules. 

 Treatment 1:  A red background with narrow blue stripes 

 Treatment 2:  A blue background with narrow red stripes 

 To increase the power of detecting a difference in the two treatments in the analysis of the experiment, the 
researcher decided to block on the three species of birds (blackbirds, starlings, and geese). Assuming there 
are 100 birds of each of the three species, explain how you would assign birds to treatments in such a block 
design. 

(b) Other than blocking, what could the researcher do to increase the power of detecting a difference in the  
two treatments in the analysis of the experiment? Explain how your approach would increase the power. 

 

4.
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 5. A bottle-filling machine is set to dispense 12.1 fluid ounces into juice bottles. To ensure that the machine is 
filling accurately, every hour a worker randomly selects four bottles filled by the machine during the past hour 
and measures the contents. If there is convincing evidence that the mean amount of juice dispensed is different 
from 12.1 ounces or if there is convincing evidence that the standard deviation is greater than 0.05 ounce, the 
machine is shut down for recalibration. It can be assumed that the amount of juice that is dispensed into bottles  
is normally distributed. 

 
  During one hour, the mean number of fluid ounces of four randomly selected bottles was 12.05 and the standard 

deviation was 0.085 ounce. 

 
(a) Perform a test of significance to determine whether the mean amount of juice dispensed is different from 

12.1 fluid ounces. Assume the conditions for inference are met. 

(b) To determine whether this sample of four bottles provides convincing evidence that the standard deviation  
of the amount of juice dispensed is greater than 0.05 ounce, a simulation study was performed. In the 
simulation study, 300 samples, each of size 4, were randomly generated from a normal population with  
a mean of 12.1 and a standard deviation of 0.05. The sample standard deviation was computed for each  
of the 300 samples. The dotplot below displays the values of the sample standard deviations. 

 

 

 Use the results of this simulation study to explain why you think the sample provides or does not provide 
evidence that the standard deviation of the juice dispensed exceeds 0.05 fluid ounce. 
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 4. One of the two fire stations in a certain town responds to calls in the northern half of the town, and the other  
fire station responds to calls in the southern half of the town. One of the town council members believes that the  
two fire stations have different mean response times. Response time is measured by the difference between the 
time an emergency call comes into the fire station and the time the first fire truck arrives at the scene of the fire. 

  Data were collected to investigate whether the council member’s belief is correct. A random sample of 50 calls 
selected from the northern fire station had a mean response time of 4.3 minutes with a standard deviation of  
3.7 minutes. A random sample of 50 calls selected from the southern fire station had a mean response time of  
5.3 minutes with a standard deviation of 3.2 minutes. 

 
(a) Construct and interpret a 95 percent confidence interval for the difference in mean response times between 

the two fire stations. 

(b) Does the confidence interval in part (a) support the council member’s belief that the two fire stations have 
different mean response times? Explain. 

 
 
 
 5. For many years, the medically accepted practice of giving aid to a person experiencing a heart attack was to have 

the person who placed the emergency call administer chest compression (CC) plus standard mouth-to-mouth 
resuscitation (MMR) to the heart attack patient until the emergency response team arrived. However, some 
researchers believed that CC alone would be a more effective approach.  

  In the 1990s a study was conducted in Seattle in which 518 cases were randomly assigned to treatments:  278 to 
CC plus standard MMR and 240 to CC alone. A total of 64 patients survived the heart attack:  29 in the group 
receiving CC plus standard MMR, and 35 in the group receiving CC alone. A test of significance was conducted 
on the following hypotheses.  

 

  0H :   The survival rates for the two treatments are equal. 

  H :a   The treatment that uses CC alone produces a higher survival rate. 

 
  This test resulted in a p-value of 0.0761. 

(a) Interpret what this p-value measures in the context of this study. 

(b) Based on this p-value and study design, what conclusion should be drawn in the context of this study? Use a 
significance level of α = 0.05.  

(c) Based on your conclusion in part (b), which type of error, Type I or Type II, could have been made? What is 
one potential consequence of this error? 
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 5. A study was conducted to determine where moose are found in a region containing a large burned area. A map 
of the study area was partitioned into the following four habitat types. 

(1) Inside the burned area, not near the edge of the burned area, 
(2) Inside the burned area, near the edge, 
(3) Outside the burned area, near the edge, and 
(4) Outside the burned area, not near the edge.  

  The figure below shows these four habitat types. 

  The proportion of total acreage in each of the habitat types was determined for the study area. Using an aerial 
survey, moose locations were observed and classified into one of the four habitat types. The results are given in 
the table below. 

Habitat Type Proportion of Total Acreage 
Number of Moose 

Observed

1 0.340  25 

2 0.101  22 

3 0.104  30 

4 0.455  40 

Total 1.000  117 

(a) The researchers who are conducting the study expect the number of moose observed in a habitat type to be 
proportional to the amount of acreage of that type of habitat. Are the data consistent with this expectation? 
Conduct an appropriate statistical test to support your conclusion. Assume the conditions for inference are 
met.

(b) Relative to the proportion of total acreage, which habitat types did the moose seem to prefer? Explain. 
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 4. Investigators at the U.S. Department of Agriculture wished to compare methods of determining the level  
of E. coli bacteria contamination in beef. Two different methods (A and B) of determining the level of 
contamination were used on each of ten randomly selected specimens of a certain type of beef. The data 
obtained, in millimicrobes/liter of ground beef, for each of the methods are shown in the table below. 

 

  Specimen 

 1 2 3 4 5 6 7 8 9 10 

A 22.7 23.6 24.0 27.1 27.4 27.8 34.4 35.2 40.4 46.8 

 

Method 
B 23.0 23.1 23.7 26.5 26.6 27.1 33.2 35.0 40.5 47.8 

 
  Is there a significant difference in the mean amount of E. coli bacteria detected by the two methods for this  

type of beef? Provide a statistical justification to support your answer. 
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 3. In search of a mosquito repellent that is safer than the ones that are currently on the market, scientists have 
developed a new compound that is rated as less toxic than the current compound, thus making a repellent that 
contains this new compound safer for human use. Scientists also believe that a repellent containing the new 
compound will be more effective than the ones that contain the current compound. To test the effectiveness  
of the new compound versus that of the current compound, scientists have randomly selected 100 people from  
a state. 

  Up to 100 bins, with an equal number of mosquitoes in each bin, are available for use in the study. After  
a compound is applied to a participant’s forearm, the participant will insert his or her forearm into a bin  
for 1 minute, and the number of mosquito bites on the arm at the end of that time will be determined. 

(a) Suppose this study is to be conducted using a completely randomized design. Describe a randomization 
process and identify an inference procedure for the study. 

(b) Suppose this study is to be conducted using a matched-pairs design. Describe a randomization process and 
identify an inference procedure for the study. 

(c) Which of the designs, the one in part (a) or the one in part (b), is better for testing the effectiveness of the 
new compound versus that of the current compound? Justify your answer. 

 
 4. A researcher believes that treating seeds with certain additives before planting can enhance the growth of plants. 

An experiment to investigate this is conducted in a greenhouse. From a large number of Roma tomato seeds,  
24 seeds are randomly chosen and 2 are assigned to each of 12 containers. One of the 2 seeds is randomly 
selected and treated with the additive. The other seed serves as a control. Both seeds are then planted in the same 
container. The growth, in centimeters, of each of the 24 plants is measured after 30 days. These data were used 
to generate the partial computer output shown below. Graphical displays indicate that the assumption of 
normality is not unreasonable. 

 
 N Mean StDev SE Mean 
Control 12 15.989 1.098 0.317 
Treatment 12 18.004 1.175 0.339 
Difference 12        − 2.015 1.163 0.336 

 
(a) Construct a confidence interval for the mean difference in growth, in centimeters, of the plants from the 

untreated and treated seeds. Be sure to interpret this interval. 

(b) Based only on the confidence interval in part (a), is there sufficient evidence to conclude that there is a 
significant mean difference in growth of the plants from untreated seeds and the plants from treated seeds? 
Justify your conclusion. 
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 5. John believes that as he increases his walking speed, his pulse rate will increase. He wants to model this 
relationship. John records his pulse rate, in beats per minute (bpm), while walking at each of seven different 
speeds, in miles per hour (mph). A scatterplot and regression output are shown below. 

 

 

 
Regression Analysis:  Pulse Versus Speed 
 
Predictor Coef SE Coef T P 
Constant 63.457 2.387 26.58 0.000 
Speed 16.2809 0.8192 19.88 0.000 
 
S = 3.087 R-Sq = 98.7% R-Sq (adj) = 98.5% 
 
Analysis of Variance 
 
Source DF SS MS F P 
Regression 1 3763.2 3763.2 396.13 0.000 
Residual 5 47.6 9.5 
Total 6 3810.9 

 
(a) Using the regression output, write the equation of the fitted regression line. 

(b) Do your estimates of the slope and intercept parameters have meaningful interpretations in the context  
of this question? If so, provide interpretations in this context. If not, explain why not. 

(c) John wants to provide a 98 percent confidence interval for the slope parameter in his final report.  
Compute the margin of error that John should use. Assume that conditions for inference are satisfied. 
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Set C
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5. A large university provides housing for 10 percent of its graduate students to live on campus.
The university’s housing office thinks that the percentage of graduate students looking for
housing on campus may be more than 10 percent. The housing office decides to survey a
random sample of graduate students, and 62 of the 481 respondents say that they are looking
for housing on campus.

(a) On the basis of the survey data, would you recommend that the housing office consider
increasing the amount of housing on campus available to graduate students? Give appro-
priate evidence to support your recommendation.

(b) In addition to the 481 graduate students who responded to the survey, there were 19 who
did not respond. If these 19 had responded, is it possible that your recommendation would
have changed? Explain.
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 2. The Colorado Rocky Mountain Rescue Service wishes to study the behavior of lost hikers. If more were  
known about the direction in which lost hikers tend to walk, then more effective search strategies could be 
devised. Two hundred hikers selected at random from those applying for hiking permits are asked whether  
they would head uphill, downhill, or remain in the same place if they became lost while hiking. Each hiker 
in the sample was also classified according to whether he or she was an experienced or novice hiker. The 
resulting data are summarized in the following table. 

 
Direction 

 Uphill Downhill Remain in Same Place 
Novice 20 50 50 
Experienced 10 30 40 

 
  Do these data provide convincing evidence of an association between the level of hiking expertise and the 

direction the hiker would head if lost? 

  Give appropriate statistical evidence to support your conclusion. 

 
 3. The dentists in a dental clinic would like to determine if there is a difference between the number of new  

cavities in people who eat an apple a day and in people who eat less than one apple a week. They are going  
to conduct a study with 50 people in each group. 

  Fifty clinic patients who report that they routinely eat an apple a day and 50 clinic patients who report that  
they eat less than one apple a week will be identified. The dentists will examine the patients and their records  
to determine the number of new cavities the patients have had over the past two years. They will then compare 
the number of new cavities in the two groups. 

a. Why is this an observational study and not an experiment? 

b. Explain the concept of confounding in the context of this study. Include an example of a possible  
confounding variable. 

c. If the mean number of new cavities for those who ate an apple a day was statistically significantly smaller 
than the mean number of new cavities for those who ate less than one apple a week, could one conclude that 
the lower number of new cavities can be attributed to eating an apple a day? Explain. 
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4. Baby walkers are seats hanging from frames that allow babies to sit upright with their legs dangling and feet
touching the floor. Walkers have wheels on their legs that allow the infant to propel the walker around the house
long before he or she can walk or even crawl. Typically, babies use walkers between the ages of 4 months and
11 months.

Because most walkers have tray tables in front that block babies’ views of their feet, child psychologists have
begun to question whether walkers affect infants’ cognitive development. One study compared mental skills of
a random sample of those who used walkers with a random sample of those who never used walkers. Mental
skill scores averaged 113 for 54 babies who used walkers (standard deviation of 12) and 123 for 55 babies who
did not use walkers (standard deviation of 15).

(a) Is there evidence that the mean mental skill score of babies who use walkers is different from the mean
mental skill score of babies who do not use walkers? Explain your answer.

(b) Suppose that a study using this design found a statistically significant result. Would it be reasonable to
conclude that using a walker causes a change in mean mental skill score? Explain your answer.
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5. A growing number of employers are trying to hold down the costs that they pay for medical insurance for their
employees. As part of this effort, many medical insurance companies are now requiring clients to use generic
brand medicines when filling prescriptions. An independent consumer advocacy group wanted to determine if
there was a difference, in milligrams, in the amount of active ingredient between a certain “name” brand drug
and its generic counterpart. Pharmacies may store drugs under different conditions. Therefore, the consumer
group randomly selected ten different pharmacies in a large city and filled two prescriptions at each of these
pharmacies, one for the “name” brand and the other for the generic brand of the drug. The consumer group's
laboratory then tested a randomly selected pill from each prescription to determine the amount of active
ingredient in the pill. The results are given in the following table.

ACTIVE INGREDIENT
(in milligrams)

Pharmacy 1 2 3 4 5 6 7 8 9 10
Name brand 245 244 240 250 243 246 246 246 247 250

Generic brand 246 240 235 237 243 239 241 238 238 234

Based on these results, what should the consumer group’s laboratory report about the difference in the active
ingredient in the two brands of pills? Give appropriate statistical evidence to support your response.

4.
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Successfully Completed Ph.D. Program

Predictor Coef StDev T P
Constant 23.514 1.684 13.95 0.000
GPA !2.7555 0.4668 !5.90 0.000

S = 0.5658 R-Sq = 76.0%

Did Not Complete Ph.D. Program

Predictor Coef StDev T P
Constant 24.200 3.474 6.97 0.001
GPA !3.485 1.013 !3.44 0.018

S = 0.8408 R-Sq = 70.3%

(a) Use an appropriate graphical display to compare the GPA’s for the two groups.
Write a few sentences commenting on your display.

(b) For the students who successfully completed the Ph.D. program, is there a significant relationship between
GPA and mean number of credit hours per semester?

Give a statistical justification to support your response.

(c) If a new applicant has a GPA of 3.5 and a mean number of credit hours per semester of 14.0, do you think
this applicant will successfully complete the Ph.D. program? Give a statistical justification to support your
response.

END OF EXAMINATION
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 4. Each person in a random sample of 1,026 adults in the United States was asked the following question. 

  “Based on what you know about the Social Security system today, what would you like Congress and the 
President to do during this next year?”  

  The response choices and the percentages selecting them are shown below. 

 
Completely overhaul the system 19% 
Make some major changes 39% 
Make some minor adjustments 30% 
Leave the system the way it is now 11% 
No opinion 1% 

 
(a) Find a 95% confidence interval for the proportion of all United States adults who would respond “Make 

some major changes” to the question. Give an interpretation of the confidence interval and give an 
interpretation of the confidence level. 

 
 

 

 

 

(b) An advocate for leaving the system as it is now commented, “Based on this poll, only 39% of adults in the 
sample responded that they want some major changes made to the system, while 41% responded that they 
want only minor changes or no changes at all. Therefore, we should not change the system.” Explain why 
this statement, while technically correct, is misleading. 
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 5. Contestants on a game show spin a wheel like the one shown in the figure above. Each of the four outcomes 
on this wheel is equally likely and outcomes are independent from one spin to the next. 

! ! The contestant spins the wheel. 

 ! If the result is a skunk, no money is won and the contestant’s turn is finished. 

 ! If the result is a number, the corresponding amount in dollars is won. The contestant can then stop with  
those winnings or can choose to spin again, and his or her turn continues. 

 ! If the contestant spins again and the result is a skunk, all of the money earned on that turn is lost and the  
turn ends. 

 ! The contestant may continue adding to his or her winnings until he or she chooses to stop or until a spin  
results in a skunk. 

(a) What is the probability that the result will be a number on all of the first three spins of the wheel? 

(b) Suppose a contestant has earned $800 on his or her first three spins and chooses to spin the wheel again. 
What is the expected value of his or her total winnings for the four spins? 

(c) A contestant who lost at this game alleges that the wheel is not fair. In order to check on the fairness of 
the wheel, the data in the table below were collected for 100 spins of this wheel. 

 

Result Skunk $100 $200 $500 

Frequency 33 21 20 26 

 
  Based on these data, can you conclude that the four outcomes on this wheel are not equally likely? Give  
  appropriate statistical evidence to support your answer. 
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(c) If the filling equipment is functioning properly, what is the probability that a random sample of 10 cars will 
have a mean ore weight of 70.7 tons or more? Show your work. 

 
(d) Based on your answer in part (c), if a random sample of 10 cars had a mean ore weight of 70.7 tons, would 

you suspect that the loading mechanism was overfilling the cars? Justify your answer. 

 
 4. The principal at Crest Middle School, which enrolls only sixth-grade students and seventh-grade students, is 

interested in determining how much time students at that school spend on homework each night. The table below 
shows the mean and standard deviation of the amount of time spent on homework each night (in minutes) for a 
random sample of 20 sixth-grade students and a separate random sample of 20 seventh-grade students at this 
school.

 

 
Mean Standard 

Deviation 

Sixth-grade 
students 

27.3 10.8 

Seventh-grade 
students 

47.0 12.4 

 

  Based on dotplots of these data, it is not unreasonable to assume that the distribution of times for each grade 
were approximately normally distributed. 

(a) Estimate the difference in mean times spent on homework for all sixth- and seventh-grade students in this 
school using an interval. Be sure to interpret your interval. 

 
(b) An assistant principal reasoned that a much narrower confidence interval could be obtained if the students 

were paired based on their responses; for example, pairing the sixth-grade student and the seventh-grade 
student with the highest number of minutes spent on homework, the sixth-grade student and seventh-grade 
student with the next highest number of minutes spent on homework, and so on. Is the assistant principal 
correct in thinking that matching students in this way and then computing a matched-pairs confidence 
interval for the mean difference in time spent on homework is a better procedure than the one used in part 
(a) ? Explain why or why not. 
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STATISTICS 

SECTION II 

Part B 

Question 6 

Spend about 25 minutes on this part of the exam. 

Percent of Section II grade—25 

 
Directions:  Show all your work. Indicate clearly the methods you use, because you will be graded on the 
correctness of your methods as well as on the accuracy of your results and explanation. 
 
 6. In order to monitor the populations of birds of a particular species on two islands, the following procedure was 

implemented. 

  Researchers captured an initial sample of 200 birds of the species on Island A; they attached leg bands to each  
of the birds, and then released the birds. Similarly, a sample of 250 birds of the same species on Island B was 
captured, banded, and released. Sufficient time was allowed for the birds to return to their normal routine and 
location. 

  Subsequent samples of birds of the species of interest were then taken from each island. The number of birds 
captured and the number of birds with leg bands were recorded. The results are summarized in the following 
table. 

 

 Island 
A 

Island 
B 

Number Captured in 
Subsequent Sample 

180 220 

Number with Leg Bands in 
Subsequent Sample 

12 35 

 
  Assume that both the initial sample and the subsequent samples that were taken on each island can be regarded 

as random samples from the population of birds of this species. 

(a) Do the data from the subsequent samples indicate that there is a difference in proportions of the banded birds 
on these two islands? Give statistical evidence to support your answer. 

(b) Researchers can estimate the total number of birds of this species on an island by using information on the 
number of birds in the initial sample and the proportion of banded birds in the subsequent sample. Use this 
information to estimate the total number of birds of this species on Island A. Show your work. 

(c) The analyses in parts (a) and (b) assume that the samples of birds captured in both the initial and subsequent 
samples can be regarded as random samples of the population of birds of this species that live on the 
respective islands. This is a common assumption made by wildlife researchers. Describe two concerns that 
should be addressed before making this assumption. 

 
 

 

END OF EXAMINATION 
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The regression equation is 
Fuel Consumption = 10.7 + 2.15 Railcars 
 
Predictor Coef StDev T P 
Constant 10.677 5.157   2.07 0.072 
Railcar   2.1495 0.1396 15.40 0.000 
 
S = 4.361 R-Sq = 96.7% R-Sq(adj) = 96.3% 
 
 

(a) Is a linear model appropriate for modeling these data? Clearly explain your reasoning. 

(b) Suppose the fuel consumption cost is $25 per unit. Give a point estimate (single value) for the change in  
the average cost of fuel per mile for each additional railcar attached to a train. Show your work. 

(c) Interpret the value of r2  in the context of this problem. 

(d) Would it be reasonable to use the fitted regression equation to predict the fuel consumption for a train on  
this route if the train had 65 railcars? Explain. 

 
 4. Some boxes of a certain brand of breakfast cereal include a voucher for a free video rental inside the box. The 

company that makes the cereal claims that a voucher can be found in 20 percent of the boxes. However, based  
on their experiences eating this cereal at home, a group of students believes that the proportion of boxes with 
vouchers is less than 0.2. This group of students purchased 65 boxes of the cereal to investigate the company’s 
claim. The students found a total of 11 vouchers for free video rentals in the 65 boxes. 

  Suppose it is reasonable to assume that the 65 boxes purchased by the students are a random sample of all boxes 
of this cereal. Based on this sample, is there support for the students’ belief that the proportion of boxes with 
vouchers is less than 0.2 ? Provide statistical evidence to support your answer. 

 
 5. A survey will be conducted to examine the educational level of adult heads of households in the United States. 

Each respondent in the survey will be placed into one of the following two categories: 

• Does not have a high school diploma 
• Has a high school diploma  

  The survey will be conducted using a telephone interview. Random-digit dialing will be used to select the 
sample. 

(a) For this survey, state one potential source of bias and describe how it might affect the estimate of the 
proportion of adult heads of households in the United States who do not have a high school diploma. 

(b) A pilot survey indicated that about 22 percent of the population of adult heads of households do not have  
a high school diploma. Using this information, how many respondents should be obtained if the goal of the 
survey is to estimate the proportion of the population who do not have a high school diploma to within  
0.03 with 95 percent confidence? Justify your answer. 

(c) Since education is largely the responsibility of each state, the agency wants to be sure that estimates are 
available for each state as well as for the nation. Identify a sampling method that will achieve this additional 
goal and briefly describe a way to select the survey sample using this method. 

 


