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(I1I) Inferential Statistics
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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. A survey was administered to a nationwide random sample of 199 adults who were asked to report
their monthly cell phone bill (in dollars). A histogram of the results is shown below.
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Which of the following statements must be false?

(A) The distribution of monthly cell phone bills is skewed to the right.

(B) The mean monthly cell phone bill is higher than the median monthly cell phone bill.

(C) The number of respondents whose monthly cell phone bill is less than $50 is approximately 32.
(D) There were no reported monthly cell phone bills between $300 and $350.

(E) Sixteen percent of respondents reported monthly cell phone bills of more than $50.



2. A college professor has received comments on his teaching evaluations that his handwriting on the
board is too small in large classrooms. He wants to determine if this is affecting his students' grades,
so one semester he selects a random sample of his students and takes note of whether each student in
this sample is sitting in the front half or the back half of the classroom, then compares the course
averages of these two groups at the end of the semester. He discovered that students who sit in the
front half of the room have significantly higher final course averages. Which of the following is the
most appropriate conclusion based on the results of this study?

(A) Where a student chooses to sit in the classroom has no effect on how well they do in the course.

(B) Students who sit at the back of the classroom do not perform as well as those who sit at the front
because they cannot see what is written on the board.

(C) Students who sit at the back of the classroom do not perform as well as those who sit at the front
because they are texting and otherwise inattentive.

(D) Students who sit at the front of the classroom are more serious students.

(E) None of the above conclusions are appropriate.

3. The completion time for male Olympic marathon runners is approximately normally distributed with
a mean of 140.59 minutes and a standard deviation of 8.01 minutes. The completion time for female
Olympic marathon runners is approximately normally distributed with a mean of 156.14 minutes and
a standard deviation of 9.62 minutes. A runner's time was recorded as 157.90 minutes but their
gender was not recorded. Given that it is unusual for an observation to fall more than two standard
deviations from the mean in an approximately normal distribution, which of the following statements
1s true?

(A) The time of 157.90 minutes would be considered unusual for both male and female Olympic
marathon runners.

(B) The time of 157.90 minutes would not be considered unusual for either male or female Olympic
marathon runners.

(C) The time of 157.90 minutes would be considered unusual for male but not for female Olympic
marathon runners.

(D) The time of 157.90 minutes would be considered unusual for female but not for male Olympic
marathon runners.

(E) We do not have enough available information to make a determination if the time is unusual.



4. The boxplots below show the completion times in minutes for marathon runners. The runners
included both amateur and Olympic athletes.
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Which measures of center and spread would be best to use when comparing the distribution of
marathon completion times for the two groups of runners?
(A) Mean and interquartile range (IQR)
(B) Mean and standard deviation
(C) Median and interquartile range (IQR)
(D) Median and standard deviation
(E) Median and range



5. Suppose that Mary, Gary, and Larry have been asked to randomly sample 100 patients' visit records
from a file of 2000 patient records and record the amount of time the attending physician spent with
cach patient. Gary suggests the time of year during which the patient was seen may be a confounding
variable and strongly advises dividing the year into quarters (Jan — Mar, Apr — Jun, Jul — Sep, Oct —
Dec) and randomly selecting 25 patient records from each quarter. Which of the following best
describes Gary's sampling plan?

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

(E) A convenience sample

6. A statistics student at Pleasantville High School (PHS) looked at seat belt use by drivers. Customers
were observed driving into a local convenience store. After the drivers left their cars, the student
asked each driver several questions about seat belt use. In all, 80% of the drivers said that they
always use scat belts. However, the student observed that only 61.5% of these same drivers were
actually wearing a seat belt when they pulled into the store parking lot. Which of the following best
explains the difference in the two percentages?

(A) The difference is due to sampling variability. We shouldn't expect the results of a sample to
match the truth about the population every time.

(B) The difference is due to response bias. Drivers who don't use seat belts are likely to lic and say
they do use seat belts.

(C) The difference is due to undercoverage bias. The study included only customers of the
convenience store and did not include all drivers in the population.

(D) The difference is due to nonresponse bias. Drivers who don't use seat belts are less likely to
respond to the student's questions.

(E) The difference is due to voluntary response bias. Drivers are able to volunteer to participate in
this survey.



7.

In a standard normal distribution, approximately what percentage of the observations are between 2
and 3 standard deviations from the mean?

(A) 2.1%
(B) 4.3%
(C) 13.5%
(D) 27%
(E) 95%

8. The distribution of number of goals scored per match in the 15 home and 14 away matches so far

this season for one team in the English Premier Soccer League is shown below.
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Which of the following statements is true?

(A) The mean number of goals scored in AWAY matches is less than the mean number of goals
scored in HOME matches.

(B) The range of goals scored for AWAY matches is greater than the range of goals scored for
HOME matches.

(C) The shape of the distribution of HOME goals scored is left-skewed.

(D) The median number of goals scored for AWAY matches is more than the median number of
goals scored for HOME matches.

(E) The number of AWAY matches in which the team scored three or more goals is three.
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9. Which of the following is the most likely value of the linear correlation coefficient between the two
variables depicted in the scatterplot above?

(A) —0.95
(B) —0.60
(©)0

(D) 0.60
(E) 0.95

10. In the weeks leading up to the 2016 presidential election, a random sample of 1001 likely voters in
northern California was selected by a major polling organization. Each person was asked who he/she
planned to vote for in the upcoming presidential election. Of those surveyed, 125 claimed to still be
undecided about their preferred candidate. To which of the following populations can the results of
this survey be safely generalized?

(A) All likely voters in California

(B) Only undecided voters in northern California

(C) Only registered voters in northern California

(D) Only likely voters in northern California

(E) Only the 1001 likely voters in northern California that were surveyed



11.

Christy operates a business called Dinner to Go! that provides home-cooked meals for people that
don't have time to cook for themselves. Each meal consists of a main dish and two side dishes. Bob
operates a similar business across town called Let Me Feed You. They decide to combine their
operations. Both of them will continue working independently from their own locations, but Christy
will provide the side dishes and Bob will provide the main dish. The mean amount of time it takes
Christy to make the side dishes for one day is 4.2 hours with a standard deviation of 0.8 hours. The
mean amount of time it takes Bob to make the main dishes for one day is 5.1 hours with a standard
deviation of 1.1 hours. The price customers are charged will be based in part on the total time spent
preparing the meals. Find the mean and standard deviation for the total amount of time necessary to
make the side dishes and main dish for one day.

(A) mean = 9.30 hours, standard deviation = 1.90 hours
(B) mean = 9.30 hours, standard deviation = 1.85 hours
(C) mean = 9.30 hours, standard deviation = 1.36 hours
(D) mean = 4.65 hours, standard deviation = 1.90 hours

(E) mean = 4.65 hours, standard deviation = 1.36 hours

12.

Consider two events A and B in a probability experiment. Define A“ to be the complement of event A
and B to be the complement of event B. If P(A U B) = 0.75, P(A n B%) = 0.25, and P(A® n B) = 0.35,
then P(B) =

(A) 0.35
(B) 0.50
(C) 0.60
(D) 0.80

(E) The probability cannot be determined from the given information.



13. Consider the scatterplot and least-squares regression line shown here.
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14. An experiment is to be conducted to determine which detergent (A or B) has the least effect on the
discoloration of fabrics after repeated washings. In previous studies it was determined that fabric
type is associated with discoloration after repeated washings while fabric color is not associated with
discoloration. This experiment would best be done

(A) by blocking on fabric type

(B) by blocking on fabric color

(C) by blocking on detergent type

(D) by blocking on discoloration rating

(E) by using a completely randomized design

I5. Consider the boxplot for a data set of n = 50 observations given below.
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If the maximum value of 65 is changed to 70, would the value of 70 be considered an outlier?
(A) Yes, because 70 would be greater than Qs + 1.5(Q3 — Oh).

(B) No, because 70 would not be greater than O3 + 1.5(Q3 — O1).

(C) Yes, because 70 would be more than 3 standard deviations above the mean.

(D) No, because 70 would not be more than 3 standard deviations above the mean.

(E) It cannot be determined from the given information.



16.

Jack and Jill want to know whether running up a hill once a day improves lung capacity and decided
to conduct an experiment. Both Jack and Jill measured their lung capacity before the experiment.
Through random allocation, it was decided that Jack would not exercise for six weeks while Jill ran
up the hill once a day for the same six week period. At the end of six weeks, Jack and Jill again
measured their lung capacity and compared the measure to the initial value for potential
improvement. What key feature of a well-designed experiment did Jack and Jill not incorporate?

(A) Random assignment of subjects to treatments

(B) Replication within each treatment group

(C) Stratifying by factors that affect the response variable
(D) A control group for comparison

(E) This experiment includes all key features of a well-designed experiment

17.

A medical research study is interested in predicting the blood pressure (in mmHg) for subjects
exposed to noise at various volumes (in decibels). A least-squares regression line was fit to data
collected from 20 subjects who were randomly assigned to receive a certain noise exposure level.
The equation of the line is

y=—10+ 0.20x

where x is noise exposure and ¥ is the predicted blood pressure. Which of the following gives the
best interpretation of the slope of the least-squares regression line?

(A) There is an increase of 0.20 mmHG in the predicted blood pressure of a subject for every
increase of 1 decibel in noise exposure volume.

(B) There is an increase of 0.20 decibels in the predicted noise exposure volume of a subject for
every increase of | mmHg in blood pressure.

(C) There is a decrease of 10 mmHG in the predicted blood pressure of a subject for every increase
of 1 decibel in noise exposure volume.

(D) There is a decrease of 10 decibels in the predicted noise exposure volume of a subject for every
increase of | mmHg in blood pressure.

(E) Approximately 20% of the variability in blood pressure is predicted by its linear relationship
with noise exposure volume.



18. At a local high school with over 2,000 students, 65% of the student body participates in a school
sponsored extracurricular activity. Suppose that the school newspaper is doing an article on student
participation in extracurricular activities and surveys a random sample of 100 students about their
participation. Let p represent the proportion of students who participate in an extracurricular activity
in a sample of size 100. Why is the sampling distribution of p approximately normal?

(A) Because np and n(1 — p) are both sufficiently large.

(B) Because the sample was randomly selected.

(C) Because the sample size is less than 10% of the population size.

(D) Because the sampling distribution of a sample proportion is always approximately normal.

(E) The sampling distribution of p is not approximately normal because the survey question has only
two possible answers, and a binary variable cannot be approximately normally distributed.

19. You simulate tossing a fair coin 10,000 times. Which of the following statements is true?
(A) It is guaranteed that you will observe exactly 5,000 heads.
(B) The proportion of the 10,000 simulated tosses resulting in heads is expected to be 0.5.

(C) The chance of toss number 1,000 resulting in heads depends on the results of the previous 999
tosses.

(D) If you get a string of 15 tails in a row the probability that the next toss will be a head is greater
than 0.5.

(E) All of the above statements are true.



20. When the stock market closes higher than it opened at the beginning of the day, the stock market is
said to have "closed up." The histogram below displays the probability distribution for the number of
days the stock market "closes up" in a given week. In the long run, what is the average number of
days per week the stock market "closes up?"
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(A)2.0
(B) 2.1
(€)22
(D) 25
(E) 3.0



21. For their final project, a group of statistics students at a large university investigated their belief that
females at their school text more than males at their school. They asked a random sample of 110
students — 50 males (M) and 60 females (F) — from their school to record the number of text
messages sent and received over a two-day period. Histograms of their data are shown below.

Males Females
59mmL__ 15 —
& 10- -g 10+
& 8
5- 5
e B T P e | /= T  p— ' O — :!
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Number of Text Messages Number of Text Messages

Would it be appropriate to use this data to perform a two-sample mean #-interval addressing these
students' belief?

(A) No, because the histograms are quite skewed indicating it is not reasonable to assume that the
populations are normally distributed.
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(C) No, because nypm, (1 — Pum), nePr, and ng(1 — pg) are not all sufficiently large.
(D) No, because ny and ng are not equal.

(E) Yes, because all of the conditions for this inference procedure have been met.



22

Of the approximately 300 million current U.S. residents, only about 30,000 have ever appeared in a
movie. Only 30 of the current U.S. residents having appeared in a movie have ever won an Oscar for
Best Actor, which is an award presented annually to the American actor who delivered the most
outstanding performance in a leading movie role. A person is randomly selected from the current
U.S. residents. Let M represent the event the selected individual has appeared in a movie. Let O
represent the event the selected individual has ever won an Oscar for Best Actor. Order the
following probabilities from smallest to largest.

. P(O)

1. P(M)

I111. P(M|O)

IV. P(O|M)
(A) L, IIL, 11, TV
(B) IV, 1L, 1, I1I
(C) IV, IIL I, TT
(D) L, 1L, IV, 111
(E) IV, L, IIL, 11

23.

A polling agency wants to estimate the percentage of voters in favor of repealing and replacing the
Affordable Care Act, and it wants to provide a margin of error of no more than 1.8 percentage points
with 99% confidence. Which of the following should be used to determine the number of
respondents (n) the agency must poll?

(A) It cannot be determined from the given information.

0.5)0.5

(B) 1.96 <0.018

)

0.5)0.5

(C) 2.576 <0.018

-

0.5)00.5

(D) 2.576 <0.036

L

(0.99)(0.01) -
n

(E) 2.576 0.018



24. A random sample of 50 students was taken by the principal of a large high school to see if a
relationship exists between gender and attitude concerning a proposed mandatory community service
requirement. The data appear in the table below.

Female Male Total
Approve 11 8 19
Disapprove 5 13 18
Undecided 6 7 13
Total or 28 50

Which of the following gives the null hypothesis in a test to determine if a relationship exists
between gender and attitude concerning a proposed mandatory community service requirement?

(A) Premale = PMale

(B) Papprove = Pisapprove = PUndecided

(C) Gender of a student is independent of opinion on the proposal.
(D) Gender of a student is not independent of opinion on the proposal.

(E) The distribution of opinions is the same for each gender.

25. A waiter kept track of how much he received in tips from each table he served over the course of the
past year. The distribution of these tip amounts is approximately normal with a mean of $6.50 and a
standard deviation of $2.10. The top 20% of his tips are greater than what amount?

(A) $2.52
(B) $3.81
(C) $7.80
(D) $8.27
(E) $9.19



26. Atestof Hy: u = 10 vs. Hg: p < 10 is conducted based on a random sample of 15 observations.
Assume that the conditions for inference have been met. What does it mean to use a significance
level of @ = 0,05 for the test?

(A) The test procedure would result in an incorrect decision for 5% of all possible random samples
of 15.

(B) If u < 10, the test procedure would result in a correct decision for 5% of all possible random
samples of 15.

(C) If u < 10, the test procedure would result in an incorrect decision for 5% of all possible random
samples of 15.

(D) If u = 10, the test procedure would result in a correct decision for 5% of all possible random
samples of 15.

(E) If u = 10, the test procedure would result in an incorrect decision for 5% of all possible random
samples of 15.

27. The table below classifies vehicles by their country of origin and type.

Type of Vehicle
Hybrid | SUV Sedan | Sports | Truck | Wagon | Total
Asia 3 25 94 17 8 11 158
C"(‘)“‘."'.y " Europe 0 10 78 23 0 12 123
rigin
USA 0 28 90 9 16 7 147
Total 3 60 262 49 24 30 428

Which of the following statements is true?

(A) Of the six vehicle types, sedans have the highest proportion that are made in Asia.

(B) For each of the three countries of origin, over half of the vehicles produced are sedans.
(C) Of the six vehicle types, SUVs have the lowest proportion of vehicles from Europe.

(D) The proportion of trucks is higher among vehicles made in Asia than among vehicles made in
the USA.

(E) More than half of the vehicles were either an SUV or a hybrid.



28. The 600 students enrolled in an introductory statistics course at a large university were surveyed and

asked to report how many hours they participate in sports or other physical exercise in a typical
week. Selected summary statistics are provided below.

Mean: 6.5 hours

Standard Deviation: 5.5 hours

First Quartile: 3 hours

Median: 5 hours

Third Quartile: 8 hours

About 300 of the surveyed students typically exercise
(A) less than 6.5 hours each week

(B) more than 3 hours each week

(C) more than 8 hours each week

(D) between | and 12 hours cach week

(E) between 3 and 8 hours each week

29.

In a survey conducted by the Gallup organization, a random sample of U.S. adults who work full
time were asked to report how many hours they worked in the previous week. Based on the results, a
95% confidence interval for the mean number of hours worked is 46.1 + 1.2 hours. Which of the
following could be the 99% confidence interval based on the same survey results?

(A)46.1 +£0.8
(B)46.1 £ 1.2
(C)46.1 £ 1.6
(D) 46.1 £ 6.1
(E) Without knowing the sample size, any of the above intervals could be the 99% confidence interval.



30. A score at the 67th percentile of an approximately normal distribution is how many standard
deviations from the mean?

(A) 1.84 standard deviations below the mean
(B) 0.75 standard deviations below the mean
(C) 0.44 standard deviations below the mean
(D) 0.44 standard deviations above the mean

(E) 0.75 standard deviations above the mean

31. The graph below shows the results from constructing 100 different confidence intervals of the same
confidence level, each based on a different sample of size n =75 from a population in which the
population proportion is p = 0.8. Each vertical line in the figure below spans the length of a different
confidence interval.
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Based on these results, what is the most likely value of the confidence level used in constructing
these confidence intervals?

(A) 75%
(B) 80%
(C) 90%
(D) 99%
(E) 100%



32. A polling agency surveyed 1,018 randomly selected adults in the United States. Respondents were
assigned at random to one of two different versions of a question asking them to estimate the size of
Canada's population. Each version is shown below.

Version A
The population of Australia is about 23 million. How many people do you think live in Canada?

Version B
The population of the U.S. is about 319 million. How many people do you think live in Canada?

The average response from those given version A was about 42 million and the average response
from those given version B was about 95 million. The polling agency conducted a large sample test
for the difference in two means and calculated a p-value of 0.0004. Assuming that the conditions for
inference are met, which of the following is the most appropriate conclusion based on these results?

(A) There is convincing statistical evidence that the difference in the question wording makes no
difference in how Americans would respond, on average.

(B) There is convincing statistical evidence that the difference in the question wording causes a
difference in how Americans would respond, on average.

(C) There is not convincing statistical evidence to claim that the difference in the question wording
causes a difference in how Americans would respond, on average.

(D) There is convincing statistical evidence of a difference in how Americans would respond, but
we cannot say that the question wording is the cause of this difference.

(E) No conclusion can be made since there is such a large difference in the populations of Australia
and the U.S.



33. A large population has a distribution that is fairly uniform with a mean of 80 and a standard
deviation of 12. If all possible samples of size 36 are taken, which of the following best describes the
distribution of sample means?

(A) The distribution will also be uniform with a mean of 80 and a standard deviation of 12.
(B) The distribution will be approximately normal with a mean of 80 and a standard deviation of 12.

(C) The distribution will be symmetric but not approximately normal, with a mean of 80 and a
standard deviation of 12.

(D) The shape of the distribution will be unknown, but it will have a mean of 80 and a standard
deviation of 2.

(E) The distribution will be approximately normal with a mean of 80 and a standard deviation of 2.

34. A farmer wants to see if there is a difference in average yield between two varieties of corn (variety
A and variety B). In order to compare the two varieties, he prepares a two-acre plot on each of his
seven different fields. On each field he plants variety A on a one acre plot and variety B on the one
acre plot right next to it. Which acre plot gets which variety is determined at random. At harvest
time, he measures the yield (in bushels) on each of the acre plots.

Field 1 2 3 4 5 6 7
Variety A 148.2 144.6 149.7 140.5 154.6 147.1 151.4
Variety B 141.5 141.0 144.0 141.2 153.0 141.7 146.8

Assuming that the conditions for inference are met, what statistical test should be used to determine
if there is a significant difference in average yield between the two corn varieties?

(A) A chi-square goodness-of-fit test
(B) A chi-square test of independence
(C) A matched-pairs r-test for means
(D) A two-sample t-test for means

(E) A linear regression t-test



35. A 95% confidence interval for puy — pp is given by (—2.3, 4.5). What can we infer from this
confidence interval?

(A) This confidence interval implies that the mean for sample A is less than the mean for sample B.
(B) This confidence interval implies that the mean for sample A is equal to the mean for sample B.

(C) With 95% confidence, there is convincing statistical evidence that the mean for population A is
less than the mean for population B.

(D) With 95% confidence, there is convincing statistical evidence that the mean for population A is
greater than the mean for population B.

(E) There is not convincing statistical evidence that the mean for population A is different from the
mean for population B at the 5% significance level.

36. An instructor at a large university wanted to see if homework sets containing some review problems
are more effective than homework sets containing only problems consisting of new material. She
conducted a study by randomly assigning 156 student volunteers to the two homework groups (78
students to each group) and then compared the two groups' average scores on the final exam using a
one-tailed, two-sample t-procedure. The p-value for the test was 0.015. The group who had
homework sets containing review problems had a higher mean final exam score by 6.3 percentage
points. Which of the following gives the best interpretation of the p-value?

(A) There is a 1.5% chance that there is no difference in effectiveness between the two styles of
homework sets.

(B) There is a 1.5% chance that homework sets with review problems are more effective than
homework sets with only problems over new material.

(C) There is a 1.5% chance of observing a sample mean final exam score for the review problems
group at least 6.3 percentage points greater than the sample mean final exam score for the new
material only problems group, if there is no difference in effectiveness between the two styles of
homework sets.

(D) There is a 1.5% chance of observing a sample mean final exam score for the review problems
group at least 6.3 percentage points greater than the sample mean final exam score for the new
material only problems group, if homework sets with review problems are more effective than
homework sets with all similar problems.

(E) There is a 1.5% chance that the population mean final exam score for all students doing
homework sets with review problems is 6.3 percentage points higher than that for all students
doing homework sets with only problems consisting of new material.



37. In a recent survey of 1,612 randomly selected U.S. adults, 66% of the men and 77% of the women
reported that they use Facebook. Which of the following is the best justification for conducting a
hypothesis test to analyze these results?

(A) A hypothesis test is always conducted in any research study.
(B) A hypothesis test is conducted to determine whether 66% and 77% are different.

(E) A hypothesis test is conducted to quantify how likely it would be to get such sample results
simply by random sampling, if there is no difference in Facebook use between men and women.

38. The career center at a large university surveyed a random sample of students who graduated the
previous year. Of the 125 surveyed students who majored in engineering, 90 were able to find a job
within six months of graduating. Of the 68 surveyed students who majored in business, 51 were able
to find a job within six months of graduating. Which of the following expressions gives a 90%
confidence interval for the difference in the proportion of engineering and business majors who
could find jobs within six months of graduating?

(0.72)(0.28) N (0.75)(0.25)
125 68

(A) 0.03+0.05

(0.72)(028)  (0.75)(0.25)

(B) 0.03+1.645
125 68

(0.731)(0269) | (0.731)(0.269)

(C) 0.03+1.645
125 68

(0.72)(0.28) _ (0.75)(0.25)
125 68

(D) 0.03+ 1.96\/

(0.731)(0.269) N (0.731)(0.269)

(E) 0.03+£1.96
125 68



Use the following information to answer questions 39 — 40.

Students in an AP Statistics class wanted to determine if a person's hand span is associated with the
number of candies he or she can pick up from a bowl of candy. For the fourteen students in the class,
cach student's hand span and the number of candies he or she was able to pick up was recorded. A least-
squares analysis was conducted on the number of candies versus hand span. The conditions for inference
were checked and deemed reasonable. The regression analysis output is given in the table below.

Predictor Coef SE Coef T P
Constant -8.74 10.81 -0.81 0.434
Hand span 1.26 0.52 2.44 0.031
$=3.34 R-Sq =33.1%

39. The estimate of the slope of the least-squares regression line using a 95% confidence interval is
(A) 1.26 £ 2.18(0.52)

(B) 1.26 + 2.44(0.52)

(C) 1.26 + 2.18 (ﬂ)

V’ﬁ

(D) 1.26 + 1.96(0.52)

(E) 1.26 + 3.34 (:?f)

40. A hypothesis test for the slope of the least-squares regression for number of candies versus hand
span was conducted at the 5% significance level. Which of the following gives the correct decision
for the hypothesis test and the possible error?

(A) Reject the null hypothesis; Type I error

(B) Reject the null hypothesis; Type II error

(C) Fail to reject the null hypothesis; Type I error
(D) Fail to reject the null hypothesis; Type II error

(E) Reject the null hypothesis; No error possible since the conditions for inference were met

# STOP — DO NOT CONTINUE TO THE FREE-RESPONSE SECTION UNTIL DIRECTED #
R R R R R B R R R



SECTION 11
Part A
Questions 1-5
Spend about 1 hour and 5 minutes on this part of the exam.
Percent of Section I 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. The sizes, in square feet, of the 20 rooms in a student residence hall at a certain university are summarized in the
following histogram.

Number of Rooms
N W A N A N ®

0.
100 150 200 250 300 350
Room Size (square feet)

(a) Based on the histogram, write a few sentences describing the distribution of room size in the residence hall.



(b) Summary statistics for the sizes are given in the following table.

Standard . :
Mean Dovistion Min Ql Median Q3 Max
2314 68.12 134 174 253.5 292 315

Determine whether there are potential outliers in the data. Then use the following grid to sketch a boxplot of
room size.
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(c) What characteristic of the shape of the distribution of room size is apparent from the histogram but not from
the boxplot?



2. Asdogs age, diminished joint and hip health may lead to joint pain and thus reduce a dog’s activity level. Such
a reduction in activity can lead to other health concerns such as weight gain and lethargy due to lack of exercise.
A study is to be conducted to see which of two dietary supplements, glucosamine or chondroitin, is more
effective in promoting joint and hip health and reducing the onset of canine osteoarthritis. Researchers will
randomly select a total of 300 dogs from ten different large veterinary practices around the country. All of the
dogs are more than 6 years old, and their owners have given consent to participate in the study. Changes in joint
and hip health will be evaluated after 6 months of treatment.

(a) What would be an advantage to adding a control group in the design of this study?

(b) Assuming a control group is added to the other two groups in the study, explain how you would assign the
300 dogs to these three groups for a completely randomized design.

(c) Rather than using a completely randomized design, one group of researchers proposes blocking on clinics,
and another group of researchers proposes blocking on breed of dog. How would you decide which one of
these two variables to use as a blocking variable?



3.

The Great Plains Railroad is interested in studying how fuel consumption is related to the number of railcars for
its trains on a certain route between Oklahoma City and Omaha.

A random sample of 10 trains on this route has yielded the data in the table below.

Number Fuel Consumption
of Railcars (units/mile)
20 58
20 52
37 91
31 80
47 114
43 98
39 87
50 122
40 100
29 70

A scatterplot, a residual plot, and the output from the regression analysis for these data are shown below.
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The regression equation is
Fuel Consumption = 10.7 + 2.15 Railcars

Predictor Coef StDev T P
Constant 10.677 5157 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 r* 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. A company manufactures model rockets that require igniters to launch. Once an igniter is used to launch a
rocket, the igniter cannot be reused. Sometimes an igniter fails to operate correctly, and the rocket does not
launch. The company estimates that the overall failure rate, defined as the percent of all igniters that fail to
operate correctly, is 15 percent.

A company engineer develops a new igniter, called the super ignitef, with the intent of lowering the failure rate.
To test the performance of the super igniters, the engineer uses the following process.

Step 1: One super igniter is selected at random and used in a rocket.
Step 2: If the rocket launches, another super igniter is selected at random and used in a rocket.

Step 2 is repeated until the process stops. The process stops when a super igniter fails to operate correctly or
32 super igniters have successfully launched rockets, whichever comes first. Assume that super igniter failures
are independent.

(a) If the failure rate of the super igniters is 15 percent, what is the probability that the first 30 super igniters
selected using the testing process successfully launch rockets?

(b) Given that the first 30 super igniters successfully launch rockets, what is the probability that the first failure
occurs on the thirty-first or the thirty-second super igniter tested if the failure rate of the super igniters is
15 percent?

(c) Given that the first 30 super igniters successfully launch rockets, is it reasonable to believe that the failure
rate of the super igniters is less than 15 percent? Explain.



5. 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 Sample Mean Recovery Time Standard Deviation
Procedure Size (days) 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?



SECTION 11
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 scored on the
correctness of your methods as well as on the accuracy and completeness of your results and explanations.

6. Emma is moving to a large city and is investigating typical monthly rental prices of available one-bedroom

apartments. She obtained a random sample of rental prices for 50 one-bedroom apartments taken from a Web
site where people voluntarily list available apartments.

(a) Describe the population for which it is appropriate for Emma to generalize the results from her sample.

The distribution of the 50 rental prices of the available apartments is shown in the following histogram.
10
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(b) Emma wants to estimate the typical rental price of a one-bedroom apartment in the city. Based on the
distribution shown, what is a disadvantage of using the mean rather than the median as an estimate of the

typical rental price?



(c) Instead of using the sample median as the point estimate for the population median, Emma wants to use an
interval estimate. However, computing an interval estimate requires knowing the sampling distribution
of the sample median for samples of size 50. Emma has one point, her sample median, in that sampling
distribution. Using information about rental prices that are available on the Web site, describe how someone
could develop a theoretical sampling distribution of the sample median for samples of size 50.

Because Emma does not have the resources to develop the theoretical sampling distribution, she estimates the
sampling distribution of the sample median using a process called bootstrapping. In the bootstrapping process,
a computer program performs the following steps.

e Take a random sample, with replacement, of size 50 from the original sample.
e Calculate and record the median of the sample.

e Repeat the process to obtain a total of 15,000 medians.

Emma ran the bootstrap process, and the following frequency table is the bootstrap distribution showing her
results of generating 15,000 medians.

Bootstrap Distribution of Medians
Median Frequency Median Frequency Median Frequency
2,345 1 2,585 1 2,825 247
2,390 13 2,587.5 171 2,837.5 7
2,395 18 2,600 22 2,847.5 1
2,400 56 2,612.5 1,190 2,872.5 317
2,445 4 2,625 174 2,885 10
24475 56 2,672.5 5 2,950 700
2,450 55 2,675 1,924 2,962.5 93
2475 3 2,687.5 1,341 29725 6
2,495 66 2,700 2,825 2,975 65
24975 136 AL 35 2,985 12
2,500 1,899 2,747.5 619 2,987.5 1
2,522.5 2 2,750 2 2,995 6
2,525 945 2,795 278 3,000 2
2,550 1,673 2,812.5 16 3,062.5 3




The bootstrap distribution provides an approximation of the sampling distribution of the sample median.

A confidence interval for the median can be constructed using a percentage of the values in the middle of the
bootstrap distribution.

(d) Use the frequency table to find the following.
(1) Value of the 5th percentile:
(i1) Value of the 95th percentile:

(e) Find the percentage of bootstrap medians in the table that are equal to or between the values found in
part (d).

(f) Use your values from parts (d) and (e) to construct and interpret a confidence interval for the median
rental price.

#iH##  STOP — END OF EXAM  #####



Table entry for z is the

probability lying below z.

Probability

i8]

Table A Standard normal probabilities
- .00 .01 02 .03 04 05 06 07 .08 09
-34 0003 0003 .0003 0003 20003 .0003 .0003 0003 0003 0002
-33 0005 .0005 0005 0004 0004 0004 0004 0004 0004 .0003
-32 0007 0007 0006 0006 0006 0006 0006 0005 0005 0005
-3.1 0010 L0009 .0009 .0009 0008 .0008 .0008 0008 0007 0007
-3.0 0013 0013 0013 .0012 0012 .0011 .0011 0011 0010 0010
-29 0019 0018 0018 0017 0016 0016 0015 0015 0014 0014
-28 0026 0025 0024 0023 0023 0022 0021 0021 0020 0019
=21 0035 0034 0033 0032 0031 0030 0029 0028 0027 0026
=26 0047 0045 0044 0043 0041 .0040 .0039 {0038 .0037 0036
-25 0062 0060 0059 0057 0055 0054 0052 0051 0049 0048
-24 0082 L0080 0078 0075 0073 .0071 0069 0068 0066 0064
-23 0107 0104 0102 0099 0096 0094 0091 L0089 .0087 0084
=22 0139 0136 0132 0129 0125 0122 0119 0116 0113 0110
=21 0179 0174 0170 0166 0162 0158 0154 0150 0146 0143
=20 .0228 0222 0217 0212 0207 .0202 0197 0192 0188 0183
-19 0287 0281 0274 0268 0262 0256 .0250 0244 0239 0233
-18 0359 0351 0344 0336 0329 0322 0314 0307 .0301 0294
-1.7 0446 0436 0427 0418 0409 .0401 .0392 0384 0375 0367
-1.6 0548 0537 0526 0516 0505 0495 0485 0475 0465 0455
-15 0668 0655 0643 0630 0618 0606 0594 0582 0571 0559
-14 .0808 0793 0778 0764 0749 .0735 0721 0708 0694 0681
-13 0968 0951 0934 0918 0901 0885 0869 0853 0838 0823
-1.2 1151 1131 J132 1093 1075 1056 1038 1020 1003 0985
-1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 1170
-1.0 1587 1562 1539 1515 1492 1469 1446 1423 1401 1379
-09 1841 1814 1788 1762 1736 A7 .1685 1660 1635 1611
-08 2119 .2090 .2061 .2033 .2005 1977 1949 1922 1894 (1867
-0.7 2420 .2389 2358 2327 2296 .2266 2236 2206 2177 2148
-0.6 2743 2709 2676 2643 2611 .2578 2546 2514 2483 2451
-0.5 3085 .3050 3015 2981 2946 2912 2877 2843 2810 2776
-04 3446 3409 3372 3336 3300 3264 3228 3192 3156 3121
-03 3821 3783 3745 3707 3669 3632 3594 3557 3520 3483
-0.2 4207 4168 4129 4090 4052 4013 3974 3936 3897 3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 5000 4960 4920 4880 4840 4801 4761 4721 4681 4641




Table entry for z is the

probability lying below z.

Probability

Table A (Continued)

z 00 01 02 .03 04 05 .06 07 08 09
0.0 5000 5040 5080 5120 5160 5199 5239 5279 5319 5359
0.1 5398 5438 5478 5517 5557 5596 5636 5675 5714 5753
0.2 5793 5832 5871 5910 5048 5987 6026 6064 6103 6141
03 6179 6217 6255 6293 6331 6368 6406 6443 L6480 6517
04 6554 6591 6628 6664 6700 6736 6772 6808 6844 6879
0.5 6915 .6950 6985 7019 7054 7088 7123 7157 190 7224
0.6 7257 7291 7324 7357 7389 7422 7454 7486 517 7549
0.7 7580 7611 7642 7673 TJ704 7734 7764 7794 7823 7852
0.8 7881 7910 7939 7967 7995 8023 8051 8078 8106 8133
0.9 8159 8186 8212 8238 8264 .8289 8315 .8340 8365  .8389
1.0 8413 8438 8461 8485 8508 .8531 8554 8577 .8599 8621
1.1 8643 8665 8686 8708 8729 8749 8770 8790 8810 8830
1.2 8849 8869 8888 8907 .8925 89044 8962 .8980 .8997 9015
1.3 9032 9049 9066 9082 9099 9115 9131 9147 9162 9177
1.4 9192 9207 9222 9236 9251 9265 9279 9292 9306 9319
1.5 9332 9345 9357 9370 9382 9394 9406 9418 9429 9441
1.6 9452 9463 9474 9484 9495 9505 9515 9525 9535 9545
17 9554 9564 9573 9582 9591 9599 9608 9616 9625 9633
1.8 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
20 9772 9778 9783 9788 9793 9798 9803 9808 9812 9817
21 9821 9826 9830 9834 9838 9842 0846 9850 9854 9857
22 9861 9864 9868 9871 9875 9878 881 0884 9887 9890
23 9893 9896 9898 9901 9904 9906 9909 9911 9913 9916
24 9918 19920 9922 9925 9927 9929 9931 9932 9934 9936
AL 9938 9940 9041 9943 9945 9946 0948 9949 9951 9952
26 9953 9955 9956 9957 9959 9960 9961 9962 9963 9964
2.7 9965 9966 9967 9968 9969 9970 9971 9972 9973 9974
28 9974 9975 9976 9977 9977 9978 9979 9979 9980 9981
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
3.0 9987 9987 9987 9088 9988 9989 9989 9989 9990 9990
3.1 9990 9991 29991 9991 9992 9992 9992 9992 19993 9993
32 9993 9993 9994 9994 9994 9994 9994 9995 9995 9995
33 9995 9995 9995 9996 9996 9996 9996 9996 9996 9997
34 9997 9997 9997 9997 9997 9997 9997 9997 9997 9998




Table entry for p and

C is the point * with Probability p
probability p lying
above it and
probability C lying
between —1* and r*.
t*
Table B ¢ distribution critical values
Tail probability p
df 25 .20 5 | .10 .05 025 02 .01 .005 L0025 .001 .0005
1 1.000 1.376 1.963 3.078 6.314 12.71 15.89 31.82 63.66 127.3 3183 636.6
2 816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 2233 31.60
3 765 978 1.250 1.638 2.353 3.182 3.482 4541 5.841 7.453 10.21 12.92
4 741 941 1.190 1.533 2,132 2.776 2.999 3.747 4.604 5.598 7.173 8.610
S 727 920 1.156 1.476 2,015 2.571 2.757 3.365 4.032 4.773 5.893 6.869
6 T18 906 1.134 1.440 1.943 2.447 2,612 3.143 3.707 4317 5.208 5.959
7 T11 .896 1.119 1.415 1.895 2.365 2.517 2.998 3.499 4.029 4.785 5.408
8 706 .889 1.108 1.397 1.860 2.306 2449 2.896 3.355 3.833 4.501 5.041
9 703 .883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781
10 .700 879 1.093 1.372 1.812 2.228 2.359 2.764 3.169 3.581 4144 4.587
11 697 876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4.437
12 .695 873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3.930 4318
13 694 870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3372 3.852 4.221
14 692 868 1.076 1.345 1.761 2.145 2.264 2.624 2977 3.326 3.787 4.140
15 691 866 1.074 1.341 1.753 2.131 2.249 2.602 2947 3.286 3.733 4.073
16 690 865 1.071 1.337 1.746 2.120 2235 2.583 2921 3.252 3.686 4.015
17 .689 863 1.069 1.333 1.740 2.110 2224 2.567 2.898 3222 3.646 3.965
18 .688 862 1.067 1.330 1.734 2.101 2214 2.552 2.878 3.197 3611 3922
19 .688 .861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883
20 687 .860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850
21 686 859 1.063 1.323 1.721 2.080 2.189 2.518 2.831 3.135 3.527 3.819
22 686 858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792
23 685 858 1.060 1.319 1.714 2.069 2177 2.500 2.807 3.104 3.485 3.768
24 .685 857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745
25 684 856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725
26 684 .856 1.058 1.315 1.706 2.056 2.162 2479 2779 3.067 3435 3.707
27 684 855 1.057 1.314 1.703 2.052 2.158 2473 2.1 3.057 3.421 3.690
28 .683 855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674
29 .683 854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.396 3.659
30 .683 854 1.055 1.310 1.697 2.042 2.147 2457 2.750 3.030 3.385 3.646
40 .681 851 1.050 1.303 1.684 2.021 2.123 2423 2704 2971 3.307 3551
50 679 849 1.047 1.299 1.676 2.009 2.109 2.403 2.678 2937 3.261 3.496
60 679 848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2915 3.232 3.460
80 678 846 1.043 1.292 1.664 1.990 2.088 2.374 2.639 2.887 3.195 3416
100 677 845 1.042 1.290 1.660 1.984 2.081 2.364 2.626 2.871 3.174 3.390
1000 675 842 1.037 1.282 1.646 1.962 2.056 2.330 2.581 2.813 3.098 3.300
x 674 841 1.036 1.282 1.645 1.960 2.054 2.326 2.576 2.807 3.091 3.291
50% 60% 70% 80% 90% 95% 96% 98% 99% 99.5% 99.8% 99.9%

Confidence level C




Table entry for p is the point
(z?) with probability p lying
above it.

Probability p

(x?)
Table C 77 critical values
Tail probability p
df b .20 A5 10 05 025 .02 .01 005 L0025 001 0005
| 1.32 1.64 207 2.7 3.84 5.02 541 6.63 7.88 9.14 10.83 12.12
2 277 3.2 3.79 4.61 5.99 7.38 7.82 9.21 10.60 11.98 13.82 15.20
3 4.11 464 5.32 6.25 7.81 9.35 9.84 11.34 12.84 14.32 16.27 17.73
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 1642 18.47 20.00
5 6.63 7.29 8.12 9.24 11.07 12.83 13.39 15.09 16.75 18.39 20.51 22.11
6 7.84 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.55 2025 2246 2410
7 9.04 9.80 10.75 12.02 14.07 16.01 16.62 1848 20.28 2204 2432 26.02
8 10.22 11.03 12.03 13.36 15.51 17.53 18.17 20.09 21.95 23.77 26.12 27.87
9 11.39 1224 13.29 14.68 16.92 19.02 19.68 21.67 23.59 2546 2788 29.67
10 12.55 1344 1453 1599 18.31 20.48 21.16 2321 25.19 27.11 2959 3142
11 13.70 14.63 15.77 17.28 19.68 21.92 22.62 24.72 26.76 2873 31.26 33.14
12 14.85 15.81 16.99 18.55 21.03 2334 24.05 26.22 28.30 30.32 3291 3482
13 15.98 1698 18.20 19.81 22.36 24.74 2547 27.69 29.82 3188 3453 36.48
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 20.14 31.32 3343 36.12 38.11
15 18.25 19.31 20.60 22.31 25.00 27.49 28.26 30.58 32.80 3495 37.70 39.72
16 19.37 2047 21.79 2354 26.30 28.85 29.63 32.00 3427 3646 3925 4131
17 20.49 21.61 2298 2477 2759 30.19 31.00 3341 35.72 3795 4079 4288
18 21.60 22.76 24.16 25.99 28.87 31.53 3235 34.81 37.16 3942 4231 4443
19 22.72 23.90 o 27.20 30.14 32.85 33.69 36.19 38.58 4088 4382 4597
20 23.83 25.04 26.50 2841 3141 34.17 35.02 37.57 40.00 4234 4531 47.50
21 2493 26.17 27.66 29.62 32.67 3548 36.34 38.93 41.40 4378 46.80 49.01
22 26.04 27.30 28.82 30.81 3392 36.78 37.66 40.29 42.80 4520 48.27 50.51
23 27.14 2843 2998 32.01 35.17 38.08 38.97 41.64 4418 4662 49.73 52.00
24 28.24 29.55 3113 33.20 36.42 39.36 40.27 4298 45.56 4803 5118 53.48
25 29.34 30.68 32.28 3438 37.65 40.65 41.57 4431 4693 4944 5262 5495
26 3043 31.79 3343 35.56 38.89 41.92 42.86 45.64 48.29 50.83 5405 56.41
27 31.53 3291 3457 36.74 40.11 43.19 4.4 46.96 49.64 5222 5548 5786
28 32.62 3403 3571 37.92 4134 44.46 4542 48.28 50.99 5359 5689 5930
29 33.71 35.14 36.85 39.09 42.56 45.72 46.69 49.59 5234 5497 5830 60.73
30 34.80 36.25 37.99 40.26 43.77 46.98 47.96 50.89 53.67 5633 5970 6216
40 45.62 4727 4924 51.81 55.76 59.34 60.44 63.69 66.77 69.70 7340 76.09
50 56.33 58.16 60.35 63.17 67.50 71.42 72.61 76.15 7949 8266 86.66 89.56
60 66.98 68.97 71.34 74.40 79.08 83.30 84.58 88.38 91.95 9534 9961 1027
80 88.13 9041 93.11 96.58 101.9 106.6 108.1 1123 1163 120.1 1248 1283
100 109.1 111.7 114.7 118.5 1243 129.6 131.1 1358 140.2 1443 1494 1532




