AP® STATISTICS
SECTION I
Time --- 1 hour and 30 minutes
Number of questions --- 40
Percent of total grade --- 50

Directions: Solve each of the following problems, using the available space for scratch work. Decide
which is the best of the choices given and fill in the corresponding box on the answer sheet. Do not
spend too much time on any one problem.

1. The histogram below shows the distribution of annual growth rate in travel spending for 52
companies in the United States.
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After creating this graph, it was discovered that the values for the companies with the 20 largest
reported annual growth rates were miscalculated. In fact, each of these top 20 companies should
have a higher value of annual growth rate than was previously reported. Which of the following
statements must be true?

(A) If you were to make a graph with the corrected values, the graph would be skewed to the left.
(B) If you were to make a graph with the corrected values, the graph would be symmetric.

(C) If you were to calculate the median with the corrected values, the new median would be greater
than the old median.

(D) If you were to calculate the interquartile range (IQR) with the corrected values, the new IQR
would be the same as the old IQR.

(E) If you were to find the value of the third quartile (Q3) with the corrected values, the new Q3
would be greater than the old Q3.

AP® s a trademark registered by the College Board, which was not involved in the production of, and does not endorse, this exam.



2. The council leaders of a small town would like to determine the average number of people living in
each household. To accomplish this, they send a questionnaire to each residence listed in the town
address records, asking the head of the household to record the number of people living in the
dwelling. They follow this up with visits to those households that have not responded to the
questionnaire until the data collection process is complete. Which of the following is the best
description of the method for data collection used by the council leaders?

(A) A convenience sample

(B) A simple random sample
(C) A stratified random sample
(D) A cluster random sample

(E) A census

3. A biologist is interested in predicting the percentage increase in lung volume when inhaling (y) for a
certain species of bird from the percentage of carbon dioxide in the atmosphere (x). Data collected
from a random sample of 20 birds of this species were used to create the least-squares regression
equation y = 400 — 0.08x. Which of the following best describes the meaning of the slope of the
least-squares regression line?

(A) The percentage increase in lung volume when inhaling increases by 0.08 percent, on average, for
every 1 percent increase in the carbon dioxide in the atmosphere.

(B) The percentage of carbon dioxide in the atmosphere increases by 0.08 percent, on average, for
every 1 percent increase in lung volume when inhaling.

(C) The percentage increase in lung volume when inhaling decreases by 0.08 percent, on average,
for every 1 percent increase in the carbon dioxide in the atmosphere.

(D) The percentage of carbon dioxide in the atmosphere increases by 0.08 percent, on average, for
every 1 percent increase in lung volume when inhaling.

(E) Approximately 8% of the variability in the percentage increase in lung volume when inhaling is
explained by its linear relationship with the percentage of carbon dioxide in the atmosphere.



4. A student was interested in investigating whether female or male students at her school tend to have
quicker reaction times. The students in her study played an online game that measured reaction time
by how quickly you press stop after an orange sign appears. The timing of the appearance of the
orange signs is random. The reaction times (in seconds) for the male and female students at her
school that volunteered to take part in the study are displayed in the boxplots below.
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Based on the boxplots, which of the following statements must be true?

(A) At least 75% of the female reaction times are greater than the maximum reaction time for the
males.

(B) If the highest reaction time for the males was removed, the distribution of male times would be
approximately normally distributed.

(C) There is more variability in the highest 25% of reaction times for the female students than in the
highest 25% of times for the male students.

(D) More female students took part in the study than male students.

(E) The mean reaction time for the male students is greater than the mean reaction time for the
female students



5. The monthly allowance in dollars for a random sample of high school students is displayed in the
cumulative frequency graph below.

Based on this graphical display, which of the following statements is justified?

(A) A greater percentage of these students have monthly allowance between $50 and $75 than
between $175 and $200.

(B) The median monthly allowance for these students is about $100.
(C) A greater percentage of these students have an allowance above $100 than below $100.
(D) The minimum monthly allowance for these students is greater than $10.

(E) The graph of the cumulative percent of monthly allowance for these students is skewed to the right.



6. Doctors are now considering prescribing social activities as a way to increase the overall health of
their patients. A random sample of adult men with heart disease were prescribed two sessions a week
consisting of 30 minute group discussions on lifestyle changes followed by 45 minute golf lessons.
As an indicator of overall health, each subjects' grip strength was measured at the start and end of the
six-week study, with higher grip strength indicating better health. Let ug represent the population
mean grip strength before participating in prescribed social activities, 1, represent the population
mean grip strength after participating in prescribed social activities, and up represent the population
mean difference in grip strength (before — after). Which of the following would be the null and
alternative hypotheses for this study?

(A) Ho: pp = pp and Ha : g > pip

(B) Ho : up = s and Ha : pip # i

(O Ho:pp=pup—paand Ha: pip <pp — pip
(D)Ho: up>0and Ha: up =0
(E)Ho:up=0and Ha: up <0

7. In 2013, Ace Metrix gathered a random sample of 1200 television ads and found that 180 (or 15%)
featured a celebrity. They created a confidence interval to estimate the proportion of all ads that
feature a celebrity to within 2.7%. Based on this interval, which of the following must be true?

(A) Approximately 2.7% of all television ads were sampled.

(B) With 97.3% confidence, 15% of all television ads feature a celebrity.
(C) It is plausible that 19% of all television ads feature a celebrity.

(D) It is plausible that 13% of all television ads feature a celebrity.

(E) Between 12.3% and 17.7% of all celebrities have been featured in television ads.



8. As areward for completing a reading challenge, two elementary school students are allowed to
select one ice cream bar from a box containing 12 bars. The box contains four chocolate bars (C),
four strawberry bars (S), and four vanilla bars (V). Suppose the two students select their ice cream
bars at random. The probability for each possible selection is given in the table below.
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9.

In an effort to increase sales, a company is considering a new training program for its sales
department. An advertisement claims that the training program leads to a mean increase of $5000 in
monthly sales. To study the program's effectiveness, the company selects 20 sales representatives,
randomly assigning 10 to the training program and 10 to serve as control. On average, the
representatives who participated in the training brought in $8231 more in monthly sales than the
control, and the 95% confidence interval for the difference in means was (2799, 13663) dollars.
Does this confidence interval provide convincing statistical evidence that the mean increase in sales
is different from the advertised value?

(A) No, because $0 is outside the interval the results are not statistically significant.

(B) No, because $5000 is included in the interval the results are not statistically significant.

(C) Yes, because $0 is outside the interval the results are statistically significant.

(D) Yes, because the representatives were randomly assigned and $8231 is different from $5000.

(E) Yes, because $8231 is inside the confidence interval the results are accurate.

10.

In a very large shipment of electronic devices, 5% are defective. Let X represent the number of
defective devices in a random sample of 20 devices from this shipment. Which of the following
expressions gives P(X > 2)?

(A) (0.05)%(0.95)'8

(B) :Z: (2k0) (0.05)k(0.95)%0-k
© i (20) (0.05)%(0.95)20-k
2.\ . .

(D) z (2}{0) (0.95)%(0.05)20-

k=3

(E)1— Z (2,{0) (0.05)%(0.95)20*

k=3



11. Which of the following scatterplots is best described as displaying a strong, positive linear

relationship between x and y?
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12. The female life expectancy and the male life expectancy (in years) for 30 industrial countries were
recorded. The data are shown in the back-to-back stemplot below.
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Based on the stemplot, which of the following statements is true?

(A) The median life expectancy and the range of life expectancies are both less for females than for
males in these countries.

(B) The median life expectancy and the range of life expectancies are both greater for females than
for males in these countries.

(C) The median life expectancy is the same for females and males in these countries, and the range
of life expectancies is the same for females and for males in these countries.

(D) The median life expectancy is less for females than for males in these countries, and the range of
life expectancies is greater for females than for males in these countries.

(E) The median life expectancy is greater for females than for males in these countries, and the range
of life expectancies is less for females than for males in these countries.



13. A medical researcher conducted a study to investigate whether exercising can lower cholesterol.
From a sample of 150 adult volunteers with high cholesterol, 75 were randomly assigned to pursue
an exercise program that includes daily jogging and strength training. The remaining 75 were asked
to refrain from vigorous activity. At the end of six months, the people in the exercise group
substantially reduced their cholesterol, while the people in the no-exercise group did not experience
a reduction. Which of the following is the most appropriate conclusion?

(A) There is evidence that exercise causes a reduction in cholesterol, and the conclusion can be
generalized to all adults.

(B) There is evidence that exercise causes a reduction in cholesterol, and the conclusion can be
generalized to all adults who exercise.

(C) There is evidence that exercise causes a reduction in cholesterol, and the conclusion can be
generalized to adults similar to these study volunteers with high cholesterol.

(D) Although cause-and-effect cannot be established, there is an association between exercising and
a reduction in cholesterol for the population of all adults.

(E) Although cause-and-effect cannot be established, there is an association between exercising and
a reduction in cholesterol for the population of all adults who exercise.

14. A two-sided ¢-test of the null hypothesis Ho : p = 40 is conducted. If a 95 percent ¢-interval
constructed from the same sample data does not contain the value of 40, which of the following can
be concluded about the test at a significance level a = 0.05?

(A) The p-value is less than 0.05, and Ho should be rejected.

(B) The p-value is less than 0.05, and Ho should not be rejected.
(C) The p-value is greater than 0.05, and Ho should be rejected.
(D) The p-value is greater than 0.05, and Ho should not be rejected.

(E) There is not enough information given to make a decision about Ho.

-10-



15.

In the weeks leading up to the election of a controversial public figure to political office, a polling
agency conducted in-person interviews with 1000 randomly selected eligible voters. Only 35 percent
of these 1000 voters said they planned to vote for the controversial candidate. However, on election
day, when voters can make their selections anonymously and without having to reveal who they
voted for to another person, the controversial candidate received the majority of the vote. Which of
the following types of bias is most likely to have occurred in the polling agency's survey?

(A) Nonresponse bias
(B) Sampling bias

(C) Selection bias

(D) Response bias

(E) Undercoverage bias

16.

A news station would like to conduct an exit poll to determine the likelihood that a highly debated
amendment will receive enough support to pass. The news station plans to construct a 90 percent
confidence interval to estimate the proportion of voters supporting the amendment. Which of the
following expressions would give the smallest sample size that will result in a margin of error of no
more than 3 percentage points?
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17. If P(4) = 0.40, P(B) = 0.75, and P(4 and B) = 0.30, then what is true about the events 4 and B?

(A) Event 4 and event B are mutually exclusive and are independent.

(B) Event 4 and event B are mutually exclusive and are not independent.
(C) Event 4 and event B are not mutually exclusive and are independent.
(D) Event 4 and event B are not mutually exclusive and are not independent.

(E) Event 4 and event B are not mutually exclusive, and independence cannot be determined with
the information given.

18.

According to a popular wedding website, the average amount spent on flowers for a wedding in the
U.S. is $750. To investigate whether the mean amount spent is actually less than the reported
average, the mean and standard deviation of the amount spent on flowers from a random sample of
30 recent weddings in the U.S. was obtained. A one-sample ¢-test resulted in a p-value of 0.065.
What conclusion should be made at the 0.05 level of significance?

(A) There is convincing statistical evidence to suggest the mean amount spent on flowers for
weddings in the U.S. is less than $750.

(B) There is convincing statistical evidence to suggest the mean amount spent on flowers for
weddings in the U.S. is $750.

(C) There is convincing statistical evidence to suggest the mean amount spent on flowers for
weddings in the U.S. is greater than $750.

(D) There is not convincing statistical evidence to suggest the mean amount spent on flowers for
weddings in the U.S. is less than $750.

(E) There is not convincing statistical evidence to suggest the mean amount spent on flowers for
weddings in the U.S. is $750.
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19. A forester measured the trees in a large woods up for sale. He concluded that the diameter of the
trees was normally distributed with mean 12.4 inches and standard deviation 4.7 inches. Which of
the following equations can be used to find the diameter x which is at the 90" percentile?

(A) 0.90 = %
(B) 1.28 = "(;—71)224
(C) 0.90 = "_4—1724
(D) 1.28 = #
(E) 1.645 = #
20. A sports physiologist is investigating whether water or Gatorade provides the best hydration for

athletes after training. A sample of 50 athletes between the ages of 18 and 30 was selected. On two
consecutive days, each athlete ran 5 miles at a steady rate on a treadmill in a 75-degree room. On
one of these days, 32 ounces of water was consumed after running. On the other day, 32 ounces of
Gatorade was consumed after running. For each athlete, which beverage was consumed first was
randomized. Hydration one hour after beverage consumption was measured, and results for the two
beverages were compared. Which of the following is the best description of this study?

(A) An experiment using a completely randomized design
(B) An experiment using a matched-pairs design

(C) An observational study using a simple random sample
(D) An observational study using a cluster sample

(E) An observational study using a stratified sample

13-



21.

Consider the following scatterplot.
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Which of the following is the most likely value for the correlation coefficient of this data set?
(A) —0.99

(B) —0.74

(C) 0.02

(D) 0.74

(E) 0.99

22.

A recent report from the Pew Research Center indicates that even teens think they have a problem
being too attached to their phones. A total of 365 teenage girls and 378 teenage boys were surveyed.
Of the teenage girls surveyed, 171 reported feeling too attached to their phone. Of the teenage boys
surveyed, 132 reported feeling too attached to their phone. Is there convincing statistical evidence of
a difference between the two population proportions at the significance level of 0.01?

(A) Yes, because the sample proportions are different.
(B) Yes, because the p-value is less than 0.01.

(C) Yes, because the p-value is greater than 0.01.

(D) No, because the p-value is less than 0.01.

(E) No, because the p-value is greater than 0.01.

-14-



23.

The distribution of heights of the players on a university football team in Arizona is approximately
normally distributed with a mean of 74.9 inches and standard deviation of 2.0 inches. Robert plays
for this Arizona team. His best friend Peter plays for a university football team in Florida. Both
players are 73.2 inches tall and both player heights have the same standardized score (z-score) for
their respective teams. If the Florida distribution is also approximately normal, but with a standard
deviation of 2.9 inches, what is the mean height of a football player on this Florida team?

(A) 70.7 inches
(B) 72.0 inches
(C) 74.4 inches
(D) 75.7 inches
(E) 77.8 inches

24.

Jake keeps a log of the distance he covers, in miles, on each of his daily running workouts. Over the
past twelve months, he has recorded a large number of workouts. Jake randomly selected 10
workouts from his log and found a mean distance of 4.81 miles with a standard deviation of 2.05
miles. Assuming all conditions for inference are met, which of the following gives a 90% confidence
interval to estimate the mean number of miles he ran in the past twelve months?

(A) 4.81 + 1.645(0.648)
(B) 4.81 + 1.81(0.648)
(C) 4.81 + 1.81(2.05)
(D) 4.81 + 1.83(0.648)
(E) 4.81 = 1.83(2.05)

-15-



25.

Scores on a standardized math placement test are normally distributed with mean 130 points and
standard deviation 15 points. Which of the following is closest to the percent of test takers who score
between 100 points and 145 points?

(A) 18%
(B) 32%
(C) 68%
(D) 82%
(E) 95%

26.

The city of Pine Bluffs is studying the relationship between the number of police officers employed
by the city and the number of crimes committed. The city council surveyed a random sample of
other cities similar to Pine Bluffs to gather data on the number of crimes committed during a
specified time period and the number of police officers the city employed. The results of an analysis
of the data are shown below.

The regression equation is
Number of Crimes = 29.388 - 0.9596 Police

Predictor Coef SE Coef T P-Value
Constant 29.388 4.143 7.09 0.000
Police -0.9596 0.2174 -4.41 0.004

What is the null hypothesis corresponding to the p-value of 0.004?
(A) Changing the number of police affects the number of crimes for all cities like Pine Bluffs.

(B) There is a linear relationship between the number of police and the number of crimes for all
cities like Pine Bluffs.

(C) There is no linear relationship between the number of police and the number of crimes for all
cities like Pine Bluffs.

(D) There is no relationship between the number of police and the number of crimes for all cities
like Pine Bluffs.

(E) There is no difference between the mean number of police and the mean number of crimes for all
cities like Pine Bluffs.

-16-



27. The city of Edmonton, Canada recently completed an audit of abandoned bank accounts. An account
is considered abandoned if it has not been accessed in the last 20 years. A random sample of 50 such
accounts was collected and a 95% confidence interval for the true mean abandoned account balance
was found to be (267.43, 1455.00) dollars. Which of the following statements is a correct
interpretation of the 95 percent confidence level?

(A) If many such samples of size 50 were taken, we would expect 95% of the intervals constructed
to contain the mean balance of all abandoned bank accounts in Edmonton.

(B) There is a 95% chance that the constructed confidence interval contains the mean balance of all
abandoned bank accounts in Edmonton.

(C) If another random sample of 50 abandoned bank accounts were taken, we would be 95%
confident that the sample mean balance would fall between $267.43 and $1455.00.

(D) If many such samples of 50 abandoned bank accounts were taken, we would expect 95% of the
intervals constructed to contain the sample mean balance.

(E) There is a 95% chance that the sample mean balance of these 50 abandoned bank accounts in
Edmonton lies between $267.43 and $1455.00.

28. Consider the following normal curve.

o | | | 450
Which of the following choices is closest to the standard deviation of this normal distribution?
(A)25
(B)50
(C)75
(D)100
(E) 225
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29. An administrator at a large high school was interested in the types of school-sponsored
extracurricular activities in which students participated: only academic clubs, only intramural sports
clubs, both type of clubs, or neither. The responses from a survey of 500 students selected at random
are summarized in the frequency table below, shown by class standing.

1 year 2™ year 3" year 4™ year Total
Only Academics 30 40 60 60 190
Only Sports 35 30 20 20 105
Both 25 15 5 50
Neither 70 55 25 155
Total 160 140 110 90 500

If the school assumes extracurricular participation is independent of class standing, which of the
following expressions could be used to calculate the expected number of respondents who do not
participate in any academic or intramural activities during their 4" year at the school?

(5)(155)
500

(90)(155)
500

W)
®)
(© =
O

90
E) —
()155

-18-



30. Two different medications are to be compared in the treatment of depression among elderly patients

in an assisted living facility. Each patient has his or her own room, but for safety concerns some are
restricted to a phone only for in-house calls and some are allowed a phone that can call outside the
facility. Which of the following would result in a randomized block design with blocks based on
type of phone?

(A) Within patients that have the same type of phone, randomly assign half to each medication.
(B) Within patients taking the same type of medication, randomly assign half to each type of phone.

(C) Randomly assign all patients with phones that can call outside the facility to take one medication
and have all patients with phones only for in-house calls take the other medication.

(D) Randomly assign all patients on one medication to phones that can call outside the facility and
all patients on the other medication to phones only for in-house calls.

(E) Allow patients to choose which medication they prefer, and then compare the two medications
within patients that have the same type of phone.

31.

A blood bank is conducting a study on how much time is required of their patients for blood platelet
donations. Based on past records, time spent in the waiting room has a mean of 5 minutes and a
standard deviation of 1 minute, time spent with a nurse who reviews patients' medical records and
measures their vital signs has a mean of 10 minutes and a standard deviation of 3 minutes, and the
actual donation time has a mean of 130 minutes and a standard deviation of 8 minutes. Assuming
these three times are independent and can all be modeled using a normal distribution, approximately
what proportion of donors finish the entire donation process in under 2.5 hours (150 minutes)?

(A) 0.66
(B) 0.72
(C) 0.84
(D) 0.89
(E) 0.99
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32. In June 2016, residents of the United Kingdom (UK) voted to leave the European Union (EU).
However, 48.1% of the UK population voted to remain in the EU. In a random sample of 4399
eligible voters in the city of London, 3312 favor remaining in the EU. Which of the following
expressions gives the test statistic for the appropriate test to determine if the proportion of 'remainers'
in the city of London differs significantly from the proportion of the UK population who voted to
remain in the EU?

(A) - = 075320481
[(0.50)(0.50)
4399
(B) - —_0753-0481
(0.481)(0.519)
4399
© 2= 0.753—0.481
1 1
0.481)(0.519) —+——
\/( X )(3312 1087)
(D) - 0481-0753
(0.753)(0.247)
4399
E) z- 0.753-0.481

J(O.SO)(O.SO)(BIIZ%;J
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33.

The average daily high temperature in degrees Celsius (C) during the month of July was recorded for
the 51 largest cities in the United States. Summary measures are shown below.

Mean Standard Deviation | Median IQR Range
30.84 3.78 31 5 22

Which of the following represents the median and interquartile range (IQR) of these average daily
high temperatures in degrees Fahrenheit (F), where F = (g) C + 327

(A) Median = 52.8°F, IQR = 9°F

(B) Median = 52.8°F, IQR = 41°F

(C) Median = 87.8°F, IQR = 5°F

(D) Median = 87.8°F, IQR = 9°F

(E) Median = 87.8°F, IQR = 41°F

34.

In a large introductory statistics course at one university, 26% of the students are Biology majors,
43% of the students are sophomores, and 32% of the sophomores are Biology majors. If a student in
this class is selected at random, approximately what is the probability that the selected student is a
sophomore majoring in Biology?

(A) 0.08
(B) 0.14
(C) 0.32
(D) 0.37
(E) 0.74
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35. In a large city, researchers selected a random sample of 120 individuals who have multiple

televisions in their house connected to a streaming device. Each individual was asked how many
hours of streaming content they watch in a typical week. The sample had a mean of 12.5 hours. For
which of the following populations is 12.5 hours a reasonable estimate of the mean hours of weekly
streaming content watched?

(A) All individuals who regularly watch streaming content
(B) All individuals from this city who regularly watch streaming content
(C) All individuals from this city with multiple streaming devices in their house

(D) All individuals from this city with multiple streaming devices in their house who regularly watch
streaming content

(E) All 120 individuals in this city with multiple streaming devices in their home who regularly
watch streaming content

36.

Suppose that at a large university, 40% of the males and 50% of the females voted in the last U.S.
presidential election. Jos¢ plans to take a random sample of 100 of the males and compute the
sample proportion who voted. Independently, Anya plans to take a random sample of 150 of the
females and compute the sample proportion who voted. What is the standard deviation of the
distribution of all possible differences in the sample proportions José and Anya could obtain?

(B)

0.40(0.60)  0.50(0.50)
(D)\/ 100 * 150

0.40(0.60) 0.50(0.50
(E)\] ( ) 1(50 :
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37. The results from a regression analysis of data collected on SAT score and current GPA for a random
sample of 100 students at a large university are summarized in the partial computer output below.

Term Coef SE Coef
Constant 1.406 0.143
SAT 0.001340 0.000114

r=0.431 R*=0.1862

Assume all conditions for inference were met. Based on the output shown, is there a statistically
significant linear relationship between SAT score and current GPA for all students at this university?

(A) No, because the estimated slope is very close to 0.

(B) No, because the correlation is not close to -1 or 1.

(C) No, because R? is quite small.

(D) Yes, because the ratio of 1.406 to 0.143 is very large.

(E) Yes, because the ratio of 0.001340 to 0.000114 is very large.
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38. A large insurance company sells homeowner's insurance to compensate homeowners in case of
damage to their home. Suppose the insurance company's annual payout on a single policy has a
severely right-skewed distribution with a mean of $4750 and a standard deviation of $2150. Which
of the following best states the Central Limit Theorem in this context?

(A) The distribution of annual payouts for all such policies will be approximately normal if the
population size is sufficiently large.

(B) The distribution of annual payouts in a random sample of these policies will be approximately
normal if the sample size is sufficiently large.

(C) The distribution of the mean annual payout for many random samples of policies of the same
size will be approximately normal if the sample size is sufficiently large.

(D) The value of the mean annual payout for a random sample of these policies will be equal to
$4,750 if the sample size is sufficiently large.

(E) The variability of annual payouts in a random sample of these policies will be smaller for larger
sample sizes.

39. The campaign manager for a presidential candidate believes that there is a significant difference in
the favorability of her candidate among female and male voters. She randomly selected 300 likely
female voters and 250 likely male voters and found that 144 of the females and 124 of the males
favor her candidate. Given the 95% confidence interval of (-0.10, 0.07), which of the following
conclusions is most appropriate?

(A) With 95% confidence, the data suggest that there is a difference between the proportions of
females and males that favor the candidate since the observed difference in the proportion who
favor the candidate is negative.

(B) With 95% confidence, the data suggest that there is a difference between the proportions of
females and males that favor the candidate since 0 is included in the interval.

(C) With 95% confidence, the data do not suggest that there is a difference between the proportions
of females and males that favor the candidate since the observed difference in the proportion
who favor the candidate is negative.

(D) With 95% confidence, the data do not suggest that there is a difference between the proportions
of females and males that favor the candidate since O is not included in the interval.

(E) With 95% confidence, the data do not sugest that there is a difference between the proportions of
females and males that favor the candidate since 0 is included in the interval.
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40. The Department of Transportation (DOT) is responsible for replacing road signs that are no longer
adequately reflective. The DOT has replacement signs in a warehouse but wants to know whether
their inventory differs from the types of signs found in a certain area. The DOT takes a random
sample of 100 signs and observes the type of each. The sample data are tabulated below along with
the known percentage of each type currently in inventory.

Sign Type
Route Stop Yield Other
Sample Count 37 45 9 9
Inventory % 36% 44% 9% 11%

Of the following, which is the best procedure to investigate whether there is convincing statistical
evidence that the distribution of sign types in this area differs from the distribution in the DOT's
inventory?

(A) A chi-square goodness-of-fit test

(B) A chi-square test of independence

(C) A chi-square test of homogeneity

(D) A matched-pairs t-test for a mean difference

(E) A two-sample t-test for the difference between two means

END OF EXAMINATION
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AP® STATISTICS
SECTION II
Part A
Questions 1-5
Spend about 65 minutes on this part of the exam.
Percent of Section II grade ----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. The owner of a café suspects that coffee sales are related to the weather. For a period of 60 days in
the spring, she records the number of coffees sold at her café as well as the minimum daily
temperature (in degrees Fahrenheit). The data are shown in the following scatterplot along with the
corresponding least-squares regression line and computer output.

1004

Coffees Sold

EIEI EIEI 4IEI EIEI I3IEI
Minimum Daily Temperature (F)
Predictor Coef  SE Coef T P
Constant 88.57 7.17 12.35 <0.001
Minimum Daily Temp -1.02 0.17 -5.85 <0.001
S =15.30 R-Sq=37.11% R-Sq (adj) = 6.02%

(a) Identify the slope of the least-squares regression line and interpret the value in context.

AP® s a trademark registered by the College Board, which was not involved in the production of, and does not endorse, this exam.



(b) One data point has a residual of —28.72. Interpret this value in context.

(c) The café is located near a school. During spring exams, there were several days when
temperatures were very warm and coffee sales were unusually high. For example, one such day
had a minimum daily temperature of 60 degrees Fahrenheit with 90 coffees sold. Suppose these
days were added to the dataset.

(1) Would the slope of the least-squares regression line be closer to 0, further from 0, or
remain about the same? Explain.

(i1) Would the coefficient of determination, 72, increase, decrease, or remain about the same?
Explain.



2. A pharmaceutical company is concerned that many patients who use a medication to help lower
blood pressure are not following all of the directions regarding when to take their medication and
how much to take. The company conducted a study to investigate whether using a cell phone app
that sends reminders about when to take specific doses of the medication is effective in increasing
compliance with dosage instructions, thereby lowering blood pressure.

Every patient discharged from a local hospital with a prescription for the medication was invited to
participate in the study. The volunteers were then randomly assigned to one of two groups.
Participants in the first group were given instructions for downloading the reminder app to their
phone and creating the proper settings. Participants in the second group were given instructions for
downloading a generic phone app that can be used to look up answers to basic health related
questions. After two months, there was not a statistically significant difference in the mean reduction
in blood pressure between the two groups.

(a) Did the pharmaceutical company conduct an experiment or an observational study? Explain.

(b) Can the results of this study be generalized to the population of all people who take this specific
medication? Explain.



The company also tracked actual usage of the app. They decide to analyze the data from the group
assigned to use the reminder app to see if there is a difference in blood pressure reduction between
those who actually used the app and those who were given instructions to download the app but did
not use it. The company finds a statistically significant difference in mean blood pressure reduction
between the two groups, with greater reductions in blood pressure for the group that used the app.

(c) Is it reasonable for the pharmaceutical company to conclude that use of the app causes a greater
reduction in blood pressure while on the medication? Explain why or why not.



3. The weights of eggs produced by the hens at one local farm are approximately normally distributed
with a mean of 2.14 ounces and a standard deviation of 0.45 ounces.

(a) For an egg selected at random from this local farm, what is the probability that the egg will
weigh 2.5 ounces or more?

(b) Suppose that 3 eggs are selected at random from this farm. What is the probability that all 3 of
the selected eggs weigh 2.5 ounces or more?



(c) The USDA sizing of eggs is based on weight per 12 (one dozen) eggs. To be classified as
"jumbo" a dozen eggs must have a mean weight of 2.5 ounces or more. Suppose one dozen eggs
are selected at random from this local farm. What is the probability that the selected dozen eggs
will be classified as jumbo?



4. As part of an advertisement campaign, one popular online dating website claims that one-fourth of
married couples today meet online. In a survey given to a random sample of 400 recently married
couples, 76 of them responded they met through an online dating website.

(a) Use these survey results to construct and interpret a 95% confidence interval for the proportion
of all recently married couples that met online.

(b) Use the confidence interval in part (a) to comment on the claim that one-fourth of married
couples today meet online.



In Emma Watson's gender equality speech at the United Nations Headquarters in September 2014,
she discussed the connotation that the word feminism has in our world, stating that "fighting for
women's rights has too often become synonymous with man-hating." Inspired by this speech, two
AP Statistics students decided to conduct a study to examine whether the wording of a question
could have an effect on the responses received. To do this they came up with two questions
regarding equal rights for the sexes, the principle theory of feminism, for which a response of 'agree’'
should mean the same thing. The questions were

e Do you consider yourself a feminist?
e Do you consider yourself a proponent of gender equality?

They randomly selected 90 students from the 1756 students at their high school to take part in the
study. Half of the students were randomly selected to receive a survey that contained the first version
of the question (Feminist) and the other half received the second version (Gender Equality). All
responses were anonymous. The responses of the 90 students are summarized in the graph below.

100.0% ~ Question Wording
Disagree
90.0% = Agree

80.0%

70.0%

60.0%

50.0%

Relative Frequency

40.0%

30.0%

20.0%

10.0% +

0.0% -

Feminist Gender_ Equality
Question Wording

(a) What does the graph reveal about the association between the version of the question asked
(feminist/gender equality) and the student's response?



The responses of the 90 students are summarized in the table below.

Question Wording
Response Feminist Gender Equality
Agree 18 35
Disagree 27 10

(b) Let Preminist represent the proportion of the random sample of 45 students asked the feminist
wording of the question who responded agree and Pgender equality fepresent the proportion of the
random sample of 45 students asked the gender equality wording of the question who responded
agree. Calculate the difference in sample proportions, Preminist — Dgender equality-

(c) A two-sample z-test of the hypotheses

Ho : Pfemnist — pgender equality — 0
Ha: Pfemnist — pgender equality #0

turns out to be statistically significant. One student wanted to verify the results through
simulation. Under the assumption that the null hypothesis is true and that students' responses
would not change regardless of which question version they were given, a simulation of 10,000
trials was conducted to obtain the simulated null distribution displayed below.



Does the simulated null distribution confirm the results of the two-sample z-test, that there is a
statistically significant difference in the proportion of students at this high school who would
respond 'agree' for the two different wordings of the question? Explain.
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AP® STATISTICS
SECTION 11
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 scored on the
correctness of your methods as well as on the accuracy and completeness of your results and explanations.

6. A company producing croissants containing wheat starch labels the product as gluten-free and
therefore safe for people with gluten allergies. According to the U.S. Food and Drug Administration
(FDA), food containing wheat starch can only be labeled gluten-free if the product has been
processed to remove gluten and tests below 20 parts per million (ppm) of gluten, on average.

A quality control manager is investigating whether the gluten content in the croissants exceeds the
FDA standard. The manager randomly selected 40 of these croissants, measured the gluten content
of each croissant, and will use these data to test the hypotheses

Ho:pnu=20
Ha:p>20

where p represents the population mean gluten content (in ppm) of the croissants produced by this
company.

(a) State the conditions for a one-sample z-test and explain why the conditions for inference are
considered to be met.

(b) The t-test resulted in a p-value of 0.34. Based on the p-value, what conclusion should the quality
control manager make at the a = 0.10 significance level?

11-



(c) Based on your conclusion in part (b), which type of error, Type I or Type II is possible? Describe
the consequence of this error in the context of this study.

After the preliminary study, one of the company's executives raised a concern because a histogram
of the sample measurements appeared strongly right-skewed, but the assumptions of the #-test are
perfectly satisfied only when the sample data come from a normally distributed population.

The executive decided to conduct a simulation study to investigate the impact the population
distribution has on the power of the test when the true mean is in reality only 2 ppm more than the
hypothesized value of 20 ppm.

(d) The executive first assumed the 40 measurements were taken from a normal distribution with a
mean of 22 (only 2 ppm more than the hypothesized value of 20 ppm). One-thousand trials of a
simulation were conducted, and a p-value was calculated for each trial using the same method as
was used to obtain the p-value in part (b). From the simulated distribution of p-values, the power
of the test when sampling from a normal population with a mean of 22 if the test is performed at
the 0.10 level of significance was estimated to be 0.783. Explain what the estimated power of
0.783 represents in this context.
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(e) The executive next assumed the 40 measurements were taken from a right-skewed population
with a mean of 22. One-thousand trials of a simulation were again conducted, with p-values
calculated as before. A histogram of the p-values is below.

Power Simulation: Right-Skewed Population

700 1
1 596

600 1

500 +

400 T

200 1 160

Frequency of p-value

Simulated p-value

Use the information in the histogram to estimate the power of the test when sampling from a
right-skewed population with a mean of 22 if the test is performed at the 0.10 level of
significance. Indicate how you obtained your estimate.

(f) Based on the simulation results, when the true mean gluten content of the croissants exceeds the
FDA standard for gluten-free labeling by 2 ppm, what impact does the shape of the population
distribution have on the power of the test?

END OF EXAMINATION
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