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STATISTICS
SECTION 1
Time—1 hour and 30 minutes

40 Questions

Directions: Each of the questions or incomplete statements below is followed by five suggested answers or comple-
tions. Select the one that is best in each case and then fill in the corresponding circle on the answer sheet.

1. Students in an online course are each randomly assigned to receive either standard practice exercises or adaptive practice
exercises. For the adaptive practice exercises, the next question asked is determined by whether the student got the
previous question correct. The teacher of the course wants to determine whether there is a difference between the two
practice exercise types by comparing the proportion of students who pass the course from each group. The teacher plans
to test the null hypothesis ps = p4 that versus the alternative hypothesis ps # pa, where pg represents the proportion of
students who would pass the course using standard practice exercises and p, represents the proportion of students who
would pass the course using adaptive practice exercises.

The teacher knows that the 99 percent confidence interval for the difference in proportion of students passing the course
for the two practice exercise types (standard minus adaptive) is (0.03,0.24) and the 90 percent confidence interval for the
difference in the proportion of students passing the course for the two practice exercise types (standard minus adaptive)
is (0.06,0.21). Which of the following is the most reasonable conclusion for the teacher’s hypothesis test at the & = 0.05
level?

(A) The p-value is less than 0.01, so there is convincing statistical evidence that the proportion of students who would
pass the course for the two practice exercise types differs at the 5% level.

(B) The p-value is between 0.01 and 0.10, so there is convincing statistical evidence that the proportion of students who
would pass the course for the two practice exercise types differs at the 5% level.

(C) The p-value is between 0.01 and 0.10, so the researchers cannot determine whether the proportion of students who
would pass the course for the two practice exercise types differs at the 5% level.

(D) The p-value is between 0.01 and 0.10, so there is not convincing statistical evidence that the proportion of students
who would pass the course for the two practice exercise types differs at the 5% level.

(E) The p-value is greater than 0.10, so there is not convincing statistical evidence that the proportion of students who
would pass the course for the two practice exercise types differs at the 5% level.

2. An experiment was conducted to assess the effect of baking temperature on the density of bread. A large batch of white
bread dough and a large batch of whole wheat bread dough were prepared. Each of the batches was formed into 18 loaves,
resulting in a total of 36 loaves. Each of the white bread loaves was randomly assigned to one of three baking temperatures
(low, medium, and high), so that 6 loaves were baked at the low temperature, 6 were baked at the medium temperature,
and 6 were baked at the high temperature. A similar process of random assignment was carried out for the whole wheat
bread loaves.

Which of the following are the treatments in the experiment?

(A) The 36 loaves of bread

(B) The type of bread (white, whole wheat)

(C) The density of the bread

(D) The baking temperatures (low, medium, high)
(E) The two batches of bread dough



3. Concerned about the length of high school basketball games, the governing body for high school sports in a certain state
is investigating the possibility of shortening game length if the mean game length is greater than 90 minutes. A random
sample of 25 games from the current season was selected, and the sample mean game length was 95 minutes with a sample
standard deviation of 10 minutes.

Assuming that the distribution of game length is approximately normal, which of the following is the appropriate proba-
bility statement for determining the p-value of the hypothesis test to investigate whether the mean game length is greater
than 90 minutes?
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4. A chocolatier, a person who makes chocolate candy, at a candy company has developed a new dark chocolate candy and
believes it will be less bitter than the current dark chocolate candy on the market. The chocolatier hired 40 professional
taste testers to participate in an experiment. The chocolatier flipped a coin for each participant. If the coin landed on
heads, the participant tasted the new dark chocolate candy first, then tasted the current dark chocolate candy. If the coin
landed on tails, the participant tasted the current dark chocolate candy first, then tasted the new dark chocolate candy. The
participants rated the bitterness of each dark chocolate candy on a scale of 1 to 10, with 1 being the least bitter and 10
being the most bitter. Using a paired ¢-test to test the belief, the chocolatier calculated a p-value of 0.274.

Assuming the conditions for inference have been met, which of the following is the best conclusion for the chocolatier’s
hypothesis test?

(A) Because the p-value is less than any reasonable level of significance, there is convincing statistical evidence to
support the belief that the new dark chocolate candy is less bitter than the current dark chocolate candy on average
for those similar to the participants in the study.

(B) Because the p-value is less than any reasonable level of significance, there is not convincing statistical evidence to
support the belief that the new dark chocolate candy is less bitter than the current dark chocolate candy on average
for those similar to the participants in the study.

(C) Because the p-value is greater than any reasonable level of significance, there is convincing statistical evidence to
support the belief that the new dark chocolate candy is less bitter than the current dark chocolate candy on average
for those similar to the participants in the study.

(D) Because the p-value is greater than any reasonable level of significance, there is not convincing statistical evidence
to support the belief that the new dark chocolate candy is less bitter than the current dark chocolate candy on average
for those similar to the participants in the study.

(E) Since the taste testers were not randomly selected, this was not a well-designed experiment and a conclusion about
the bitterness of the new dark chocolate candy cannot be made.

5. A public health analyst is interested in investigating whether there is a linear relationship between body mass index (BMI)
and fasting blood glucose (FBG) for a particular population of adults. The analyst measured the MBI and FBG for each
adult in a sample of 227 volunteers. The computer output for the linear regression analysis predicting FBG from BMI is
shown.

Predictor | Coef | SE Coef T P(> |7])

Constant | 94.207 | 3.126 | 30.141 | 0.000

BMI 0.204 0.109 1.868 0.060

r?=0.015

Assume the conditions for inference have been met. Based on the computer output, which of the following conclusions is
appropriate for all adults in the population similar to those who volunteered for the study?

(A) There is a significant linear relationship at the 0.01 level between FBG and BMI.

(B) There is a significant linear relationship at the 0.05 level but not at the 0.01 level between FBG and BMI.

(C) There is a significant linear relationship at the 0.10 level but not at the 0.05 level between FBG and BMI.

(D) There is a significant linear relationship at the 0.25 level but not at the 0.10 level between FBG and BML.

(E) There is not a significant linear relationship at the 0.25 level between FBG and BMI.



6. The distribution of body temperature for healthy adults is approximately normal with mean 98.2°F and standard deviation

0.7°F. Based on the description of the distribution, which of the following statements CANNOT be supported?
(A) More than 95% of healthy adults have a body temperature greater than 96.8°F.

(B) The first quartile of the distribution of healthy adults’ body temperature is less than 97.5°F.

(C) Approximately 50% of healthy adults have a body temperature greater than 98.2°F.

(D) Approximately 95% of healthy adults have a body temperature between 96.8°F and 99.6°F.

(E) A body temperature of 100.3°F or more would occur in less than 2% of healthy adults.

7. A research scientist is conducting an experiment to determine whether a new chemical process creates less toxic byproduct
compared to the current chemical process. The scientist took a random sample of products made with the current chemical
process and calculated the sample mean amount of toxic byproduct created. The scientist then took a random sample of
products made with the new chemical process and calculated the sample mean amount of toxic byproduct created. The

difference in the sample means (current minus new) was 2.31 liters of toxic byproduct. A hypothesis test was conducted
using the following hypotheses.

Ho: Uecurrent — HUnew = 0
Ha: Ueurrent — Unew 7é 0

Assuming the conditions for inference were met, the scientist calculated the p-value of the test to be 0.072. Which of the
following statements is the best interpretation of the p-value?

(A) The probability that the null hypothesis is true is 0.072.

(B) The probability that the alternative hypothesis is true is 0.072.

(C) The probability of observing a difference in means of 2.31 liters of toxic byproduct is 0.072.

(D) If the null hypothesis is true, the probability of observing a difference in means of at least 2.31 liters of toxic
byproduct is 0.072.

(E) If the null hypothesis is true, the probability of observing a difference in means of at most 2.31 liters of toxic
byproduct is 0.072.

8. Consider a population consisting of four children with ages, in years, of 2, 5, 6, and 11. The population mean age is 6
years, and the population variance is 10.5 square years.

For simple random samples of size 2 taken with replacement, what are the mean and standard deviation of the sampling
distribution of the sample mean age, in years?

(A) Mean 3 and standard deviation 5.25

(B) Mean 3 and standard deviation 2.29

(C) Mean 6 and standard deviation 4.24

(D) Mean 6 and standard deviation 2.29

(E) Mean 6 and standard deviation 1.87



9. For a chi-square test for independence with 6 degrees of freedom and a significance level of 0.05, the value of the test

statistic was y2 = 10.497. The associated p-value was 0.1052.
Assuming all necessary conditions for the chi-square test were met, what type of error is possible?

(A) A Type I error is possible, because the null hypothesis was rejected.

(B) A Type I error is possible, because the null hypothesis was not rejected.
(C) No error is possible, because the correct decision was made.

(D) A Type Il error is possible, because the null hypothesis was rejected.

(E) A Type Il error is possible, because the null hypothesis was not rejected.

10. A prize game at a circus has a spinner with 12 sections, where each section is equally likely to be selected when the

11.

spinner is spun. There are 7 blue sections and 5 orange sections. Camille has spun the spinner 4 times and the pattern of
outcomes was orange, blue, orange, blue. Camille will spin the spinner two more times.

Which of the following statements is true?

(A) On Camille’s fifth spin of the spinner, the probability that the spinner will land in a blue-colored section is equal to
the probability that the spinner will land in an orange-colored section.

(B) On Camille’s fifth spin of the spinner, the probability that the spinner will land in a blue-colored section is less than
the probability that the spinner will land in an orange-colored section.

(C) On Camille’s fifth and sixth spins of the spinner, the probability that the spinner will land in a blue-colored section
for both spins is equal to the probability that the spinner will land in an orange-colored section for both spins.

(D) On Camille’s fifth and sixth spins of the spinner, the probability that the spinner will land in a blue-colored section
for both spins is greater than the probability that the spinner will land in an orange-colored section for both spins.

(E) On Camille’s fifth and sixth spins of the spinner, the probability that the spinner will land in a blue-colored section
for both spins is less than the probability that the spinner will land in an orange-colored section for both spins.

Suppose a new regulation requires businesses to pay all employees a minimum wage of $15.00 per hour. A small coffee
shop currently has 9 employees—5 employees whose wages are less than $15.00 per hour and 4 employees whose wages
are more than $15.00 per hour. To meet the new regulation, the coffee shop plans to increase the wages of the 5 employees
whose wages are less than $15.00 per hour to $15.00 per hour. The other 4 employees will not receive a wage increase at
this time.

Which of the following must be true about the median wage of the 9 employees after the wage increase occurs?

(A) The median wage will be greater than $15.00 per hour.

(B) The median wage will increase but will be less than $15.00 per hour.
(C) The median wage will be $15.00 per hour.

(D) The median wage will not change.

(E) The median wage cannot be determined from the information provided.



12. A technology company has 1,200 employees. The director of human resources at the company selects 250 of the employ-
ees at random, without replacement, and asks them to fill out an anonymous survey asking whether they plan to attend the
company’s holiday party. The proportion of employees in the sample who plan to attend the party is 0.816. Based on this
proportion, the director calculates a 95 percent confidence interval for the proportion of all employees who plan to attend

0.816)(1 —0.816
the holiday party as 0.816 & 1.96\/( >(250 )

Which of the following is true concerning whether it is appropriate to use the confidence interval to estimate the proportion
of all employees who plan to attend the holiday party?

(A) The confidence interval is appropriate to use because the employees were randomly selected.

(B) The confidence interval is not appropriate to use because one of the values np and n(1 — p) is less than than 10.

(C) The confidence interval is not appropriate to use because 250 employees is more than 10% of all employees at the
company.

(D) The confidence interval is appropriate to use because np and n(1 — p) are greater than 10.

(E) The confidence interval is appropriate to use because n > 30.

13. A total of 13 distinct groups, but with each group similar to the other groups, participated in a craft fair. To investigate
how satisfied the participants were with the fair, the fair director conducted a survey. The director randomly selected 5 of
the groups participating in the fair and surveyed all members of the selected groups.

Which statement best describes the sampling method used by the director?

(A) It was convenience sampling, because participants from each group were easy to contact.
(B) It was simple random sampling, because the participants were selected at random.
(C) It was stratified random sampling, because the director ensured that members from each group were selected.
(D) It was cluster sampling, because the sample consisted of all members of the 5 randomly selected groups.
(E) It was systematic random sampling, because the director selected exactly 5 groups.
14. A grocery store received three shipments of bags of cranberries: one from farm A, one from farm B, and one from farm

C. The distributions of the weight of a bag are unimodal and symmetric for all three shipments. The number of bags and
the mean and standard deviation, in ounces (), for each shipment are shown in the table.

Farm | Number of Bags | Mean (oz) | Standard Deviation (0z)

100 16.0 0.5
100 16.0 0.1
100 16.0 0.1

Which of the following statements is true?

(A) The shipment from farm A is most likely to have the greatest number of bags that weigh less than 16 oz.
(B) The shipment from farm B is most likely to have the greatest number of bags that weigh less than 16 oz.
(C) The shipment from farm C is most likely to have the greatest number of bags that weigh less than 16 oz.

(D) The shipments from farms B and C are the only shipments that are likely to have an approximately equal number of
bags that weigh less than 16 oz.

(E) The shipments from farms A, B, and C are all likely to have an approximately equal number of bags that weigh less
than 16 oz.



15.

16.

17.

A certain computer chip company has a machine that makes a large number of computer chips. Of the computer chips
produced on this machine, 3% are defective. Miriam, the quality control inspector, will randomly select computer chips
from the machine to inspect.

What is the probability that the first defective computer chip Miriam finds is the sixth computer chip she inspects from the
machine?

(A) (0.03)°(0.97)

(B) 1—(0.03)°

(C) (0.97)°(0.03)

(D) (0.97)8

(E) 1—(0.97)°
A county manager selected a random sample of 200 residents from a suburban area of the county and a separate random
sample of 200 residents from an urban area of the same county. The residents in the samples were asked whether they

thought the county should create dog parks where residents can take their dogs to play. From those who were sampled,
41 percent of the suburban residents and 35 percent of the urban residents thought the county should create dog parks.

Let ps represent the population proportion of suburban residents who think the county should create dog parks, and let py
represent the population proportion of urban residents who think the county should create dog parks. The county manager
will test the following hypotheses.

Ho: ps—pu =0
Ha: ps—pu #0

Assuming the conditions for inference were met, which of the following is closest to the p-value of the county manager’s
test?

(A) 0.7778
(B) 0.4444
(C) 0.2222
(D) 0.2164
(E) 0.1082

A fair coin will be tossed three times. The set of possible outcomes may be described by the ordered triples
{HHH,HHT,HTH,HTT,THH,THT,TTH,TTT}
, where H represents heads and T represents tails.

What is the probability that all three tosses result in heads, given that the three tosses result in more heads than tails?
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18.

19.

A researcher wants to examine the effect of 2 different strengths—low and high—of fertilizer on the growth of corn. A
field will be divided into 54 equally sized plots of land, and the 2 fertilizer strengths will be randomly assigned so that
27 plots will be fertilized with low strength and 27 plots with high strength. The same type and amount of corn will be
planted in each plot at the same time. The yield (amount of corn produced) will be measured for each plot.

Which of the following would provide the best evidence that the strength of fertilizer had an effect on the yield?
(A) The variation in yields within the fertilizer strength groups is greater than the variation in the average yields between

the fertilizer strength groups.

(B) The variation in yields within the fertilizer strength groups is less than the variation in the average yields between
the fertilizer strength groups.

(C) The variation in yields is about the same for all plots.

(D) The variation in yields of plots receiving the low-strength fertilizer is greater than the variation in yields of plots
receiving the high-strength fertilizer.

(E) The variation in yields of plots receiving the low-strength fertilizer is less than the variation in yields of plots
receiving the high-strength fertilizer.

According to the United States Social Security Administration (SSA), for children born years ago, the following table
gives the percentage of children with a first name beginning with the letters A—C, D-J, K-M, and N-Z.

Percentages from the SSA

Beginning letter of first name A-C D-J K-M N-Z
Percent of names recorded by the SSA beginning with that letter | 25.65% | 26.30% | 25.10% | 22.95%

Daphne, a senior at a large high school, will investigate whether the distribution of the beginning letter of first names
of students at her high school who were born 18 years ago is consistent with the percentages from the Social Security
Administration. She took a random sample of 80 students from her school who were born 18 years ago. Daphne recorded
the number of students with a first name beginning with the letters A—C, D-J, K-M, and N-Z. The results are shown in
the following table.

Numbers from Daphne’s Sample

Beginning letter of first name A-C | D-J | K-M | N-Z

Number of names in Daphne’s sample beginning with that letter | 17 25 15 23

Assuming the conditions for inference are met, what is the appropriate chi-square test and calculation of the test statistic
for her investigation?

(17 —25.05)? N (25—-26.30)2 N (15—-25.10)2 N (23 -22.95)?
25.05 26.30 25.15 22.95

17-20)2  (25-20)2 (15-20)> (23 —-20)?

( 20)+( 20>+( 20)+( 20)

(17 —20.52)? N (25 —21.04)2 N (15—-20.08)2 N (23 -18.36)?

20.52 21.04 20.08 18.36

(17 —25.05)? N (25 —26.30)2 N (15—-25.10)2 N (23 -22.95)?
25.05 26.30 25.15 22.95

(17-20)  (25-20)2 (15-20)% (23-20)?

(E) A x? test for independence; x> = 0 + 50 + %0 4 2

(A) A x? goodness-of-fit test; x? =

(B) A x? goodness-of-fit test; x> =

(C) A x? goodness-of-fit test; y> =

(D) A x? test for independence; y? =

10



20. To determine whether an herbal supplement helps relieve knee pain, researchers will select 50 patients with knee pain to

21.

participate in a study. The participants will be randomly assigned to one of two groups, with 25 participants in each group.
The first group will receive the herbal supplement daily for one week, and the second group will receive a placebo daily
for one week. Patients will continue to take their current pain medication during the week. At the end of the week, the
patients will record their pain score on a scale of 1 to 10, where 1 represents no pain and 10 represents extreme pain.

Assuming the conditions for inference are met, which of the following would be the most appropriate statistical method
to estimate the difference in mean pain score between the herbal supplement and the placebo for all patients with knee
pain who are similar to the participants in the study?

(A) A one-sample z-interval for estimating a population proportion

(B) A one-sample -interval for estimating a population mean

(C) A matched-pairs z-interval for estimating a population mean difference

(D) A two-sample z-interval for estimating a difference between population proportions

(E) A two-sample f-interval for estimating a difference between population means
It is known that 75 percent of all households in the United States have intermittent Internet connectivity problems.

For 450 random samples of independent households in the United States, what are the mean, u, and standard deviation,
o, of the distribution of the number of households that have intermittent Internet connectivity problems?

(A) 1 =450(0.25), 6 = 1/450(0.25)(0.75)
(B) = 450(0.75), ¢ = 1/450(0.75)(0.25)

B ~ [(0:25)(0.75)
(C) p=450(025)(0.75), 0 = [ -2
(D) 1 =450(0.25)(0.75), 6 = 1/450(0.25)(0.75)
(0.75)(0.25)

E) u=075 06—
(E) 1 ' 450

11



22. Attendance records at a large high school show that 6 percent of students are late to school on a typical day. The students
in an AP Statistics class believe the rate is higher than 6 percent. The students took a simple random sample of 75 students
from the school and asked, “Were you late to school today?” In their sample, 6 out of the 75 students, or 8 percent of the
sample, said they were late to school that day. The AP Statistics students conducted a simulation with 100 samples of 75
students from a population where 6 percent of students are late. The results of the simulation are shown in the dotplot.
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Based on the simulation and the results of the AP Statistics class’s sample, is there convincing statistical evidence that
more than 6 percent of all students at the school are late to school on a typical day?

(A) Yes, because 8% of students in their sample said they were late to school that day.

(B) Yes, because about 47% of the simulated sample percentages of students late to school are 6% or more.

(C) No, because about 47% of the simulated sample percentages of students late to school are 6% or more.

(D) Yes, because about 29% of the simulated sample percentages of students late to school are 8% or more.

(E) No, because about 29% of the simulated sample percentages of students late to school are 8% or more.

23. The distribution of long jump distance in a statewide high school league is approximately normal with a mean of 18.5

feet and a standard deviation of 3.2 feet. Two students, Joshua and Mateo, from this league competed in the long jump.

Joshua’s distance was 0.52 standard deviation below the mean of the distribution. Mateo’s distance was at the 48th
percentile of the distribution.

At approximately what percentile was the distance jumped by Joshua, and how did his distance compare to Mateo’s
distance?

(A) Joshua’s distance was at the 30th percentile of the distribution and was less than Mateo’s distance.

(B) Joshua’s distance was at the 30th percentile of the distribution and was greater than Mateo’s distance.

(C) Joshua’s distance was at the 48th percentile of the distribution and was less than Mateo’s distance.

(D) Joshua’s distance was at the 48th percentile of the distribution and was greater than Mateo’s distance.

(E) Joshua’s distance was at the 70th percentile of the distribution and was greater than Mateo’s distance.

12



24. A large manufacturing company has tens of thousands of employees, and 30 percent of the employees have completed a

management training course. Suppose a simple random sample of 50 employees is selected.

Which of the following is closest to the probability that more than half of the sample will be employees who have
completed the management training course?

(A) 0.001
(B) 0.065
(C) 0.170
(D) 0.300
(E) 0.999

25. The recreation committee of a certain town is interested in creating a new nature trail for walkers, runners, and bikers. A

26.

random sample of 100 town residents were asked whether they are in favor of creating the new trail. Of those sampled,
78 said yes.

What is the population of interest for which the committee can generalize its conclusions?

(A) The 100 town residents who were asked about whether they are in favor of creating the new trail
(B) The 78 town residents who responded that they are in favor of creating the new trail

(C) All town residents who are walkers, runners, or bikers

(D) All town residents who are in favor of the new trail

(E) All town residents

Carol, a reporter in a large city, took a random sample of 300 households and found that the 90 percent confidence interval
for the proportion of households that own a pet is (0.63,0.71). Jason, the director of a local animal shelter, wants to verify

this result for the proportion of households that own a pet and takes a different random sample of 200 households and
finds that 67 percent own a pet.

Assume the conditions for inference have been met. Jason will calculate a 90 percent confidence interval for the proportion
of households that own a pet using his sample data. How would the margin of error from Jason’s confidence interval

compare to the margin of error from Carol’s confidence interval?

(A) Jason’s margin of error would be the same as Carol’s margin of error because the confidence level did not change.
(B) Jason’s margin of error would be the same as Carol’s margin of error because the point estimate did not change.
(C) Jason’s margin of error would be less than Carol’s margin of error because Jason used a smaller sample size.

(D) Jason’s margin of error would be greater than Carol’s margin of error because Jason used a smaller sample size.

(E) Jason’s margin of error would be greater than Carol’s margin of error because Jason’s point estimate is greater.

13



27. A botanist is studying the weights, measured in pounds, of pumpkins grown at two different farms. The boxplots show
the distribution of pumpkin weight for two samples of equal size, one from farm A and the other from farm B.

ParmA ] |
FarmB  |—{ ] —
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Pumpkin Weight (pounds)

Based on the boxplots, which of the following is a correct conclusion about the distribution of pumpkin weight for the
samples from the two farms?

(A) The interquartile ranges of the pumpkin weights are the same for farm A and farm B.

(B) The range of the pumpkin weights for farm B is greater than the range for farm A.

(C) There are more pumpkin weights that are greater than 18 pounds from farm A than there are from farm B.

(D) There are more pumpkin weights that are greater than 12 pounds from farm B than there are from farm A.

(E) There are more pumpkin weights that are less than 10 pounds from farm B than there are from farm A.

28. Voters in a certain large county will have an opportunity to vote for or against a new environmental rule that would incen-

tivize the return of certain used batteries to a county-certified recycling facility. The results of a previous poll found that

41 percent of registered voters in that county plan to vote for the environmental rule. Juwan, an engineer working at the
recycling facility, randomly selected 15 registered voters and asked whether they plan to vote for the rule.

Assuming that 41 percent represents the actual percent of registered voters in the county who plan to vote for the environ-
mental rule, which of the following is closest to the probability that at most 2 of the registered voters Juwan selected plan
to vote for the environmental rule?

(A) 0.0042

(B) 0.0185

(C) 0.0227

(D) 0.9773

(E) 0.9958

14



29. A data scientist had different 5 sets of data. For each data set the scientist fit a least-squares regression line, then graphed
the residuals versus the predicted values for each. Which residual plot indicates that the least-squares regression model
was the most appropriate model to fit the data?
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30. A jewelry manufacturer tracks sales of three types of jewelry (rings, necklaces, and earrings) across each of three differ-
ent retail outlet categories (specialty store, department store, and warehouse club). The segmented bar chart shows the
distribution for each retail outlet for the three jewelry types based on sales data for the past week.

Specialty
Store

Department
Store

Warehouse
Club

0% 20% 40% 60% 80% 100%

. Rings |:| Necklaces D Earrings

Based on the chart, which statement must be true?

(A) The percent of earring sales at department stores was less than the percent of necklace sales at specialty stores.

(B) For each retail outlet category, less than 30% of sales were earrings.

(C) The number of earring sales for department stores was the same as the number of earring sales for warehouse clubs.

(D) The greatest number of ring sales came from warehouse clubs.

(E) The number of ring sales for specialty stores was greater than the number of ring sales for warehouse clubs.
31. A one-sample z-test for a population proportion was conducted to test Hy : p = 0.35 versus H, : p # 0.35.

Assuming the conditions for inference were met, which combination of sample proportion and sample size would result
in the smallest p-value of the test?

)

) p=0.40 and n = 100
(C) p=0.40and n =60
(D) p=0.25and n =100

)
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32. Two scatterplots are shown.

y Plot A y Plot B
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Based on the scatterplots, which statement CANNOT be true?

(A) Plot A indicates a nonlinear relationship between the variables.

(B) Plot B indicates a linear relationship between the variables.

(C) The correlation coefficient for the data in plot B is close to 1.

(D) The correlation coefficient for the data in plot A is close to 0.

(E) The r? value of the least-squares regression line for plot B is greater than the > value of the least-squares regression

line for plot A.

33. Researchers studying the relationship between screen time and developmental scores of children in Canada selected a
random sample of 2,441 children. For each child, the researchers recorded the child’s screen time, in hours per day, when
they were 2 years old (x) and their scores on a developmental test, in points, when they were 5 years old (y). Higher scores
on the developmental test are better. The 95 percent confidence interval for the slope of the least-squares regression line
for predicting scores on the developmental test based on screen time was (—0.13,—0.02).

The conditions for inference were met, and the researchers concluded that increased screen time is associated with lower
scores on the developmental test. Which of the following provides the best reason that supports the researchers’ conclu-
sion?

(A) This was a 95% confidence interval, which is a high level of confidence.

(B) The sample size was large.

(C) The researchers took years to complete the study.

(D) The confidence interval for the slope of the regression line does not contain 0.

(E) The confidence interval for the slope of the regression line consists entirely of negative numbers.
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34. To investigate whether more than half the adults in a country are fearful of riding in a self-driving car, researchers surveyed

a random sample of 1,600 adults in the country. Of those in the sample, 1,280 adults responded that they would be fearful
of riding in a self-driving car.

Which of the following represents the value of the test statistic for the appropriate hypothesis test for the investigation?
0.8—-0.5
(0.2)(0.8)
1600
0.8—0.5
(0.5)(0.5)
1600
0.8—-0.5
\/ (0.2)(0.8) N (0.5)(0.5)
1600 1600
0.5-0.8
(0.2)(0.8)
1600
0.5-0.8
(0.5)(0.5)
1600

(A)

(B)

©)

D)

35. Researchers will conduct an experiment to compare the effectiveness of two brands of shampoo—Brand X and Brand Y.
They will use a matched-pairs design in which each participant will use one brand for one week and then the other brand
for one week. For each participant, the researchers will randomly assign which shampoo, Brand X or Brand Y, will be
used first, and 15 milliliters of shampoo will be used for each hair wash. Because the temperature of the water is known
to have an effect, a water temperature less than 100°F will be used for the first week and a water temperature greater than

100°F will be used for the second week. At the end of each week, the effectiveness of the shampoo being used will be
measured.

Which of the following would improve this matched-pairs experiment?

(A) Have each participant use both brands, but have all participants use Brand X first, then switch to Brand Y

(B) Have each participant use only one of the shampoo brands, with brand randomly assigned for each participant
(C) Have each participant use only one of the shampoo brands, with brand determined by the subject’s preference
(D) Let each participant decide for themselves how much shampoo to use

(E) Let each participant decide for themselves what water temperature to use, but each participant must keep the water
temperature the same for both brands
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36. Gwyneth measured the weights, in pounds, of ten striped bass taken from a local river. She calculated a mean weight of
13 pounds and a range of 5 pounds. For a report, Gwyneth converted the measurements from pounds to kilograms. (Note:
There is approximately 0.454 kilogram in 1 pound.)

Which of the following is closest to the mean and range of the converted weights?

(A) The mean weight is 28.63 kilograms, and the range is 5 kilograms.
(B) The mean weight is 28.63 kilograms, and the range is 2.27 kilograms.
(C) The mean weight is 5.90 kilograms, and the range is 11.01 kilograms.
(D) The mean weight is 5.90 kilograms, and the range is 5 kilograms.

(E) The mean weight is 5.90 kilograms, and the range is 2.27 kilograms.

37. Karmen and Sophia are on a swim team and race in different events at a swim meet. The probability that Karmen will win
her race at the swim meet is 0.1. The probability that Sophia will win her race at the swim meet is 0.3.

If the events of Karmen winning her race and Sophia winning her race are independent, what is the probability that either
Karmen or Sophia will win her race at the swim meet?
(A) 0.03
(B) 0.27
(C) 0.30
(D) 0.37
(E) 0.40
38. As part of a survey, 118 adults with tattoos were asked whether they got their first tattoo before reaching the age of 25

and whether their first tattoo was done by a professional tattoo artist. The resulting data are summarized in the following
table.

Before the age of 25 | 25 or older | Total

Professional tattoo artist 10 87 97
Not a professional tattoo artist 9 12 21
Total 19 99 118

Which of the following provides evidence that age at first tattoo and whether the first tattoo was done by a professional
tattoo artist are not independent for the group of 118 adults with tattoos?

A) o5 #5
B) o5 # 11g
© 5 #55
e

97 21
E) == % ==
E) 118#118
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39. Daniela designed an experiment to investigate whether listening to music or burning a scented candle affects her perfor-

40.

mance while playing her favorite video game. Each day for one month, she randomly chose whether to listen to classical,
rock, or no music while playing her favorite video game. Each day, she also randomly chose whether to burn a candle
with an orange scent, burn a candle with a lavender scent, or not burn a candle. At the end of each day, she recorded the
mean score for 10 plays of her favorite video game.

How many explanatory variables are in the experiment?

(A) One

(B) Two

(C) Three

(D) Six

(E) Nine

A real estate agent indicates that the mean selling price of all single-family homes in Washington, D.C., is $800,000.
A family believes the mean selling price for all single-family homes that are currently for sale is less than the amount

indicated by the real estate agent and will select a random sample of single-family homes that are currently for sale in

Washington, D.C. Let u represent the mean selling price, in dollars, of all single-family homes that are currently for sale
in Washington, D.C.

Assuming that the conditions for inference are met, which of the following hypotheses would be appropriate to test the
family’s belief?

(A) Ho: u = 800,000 versus H, : 4 > 800,000

(B) Hp: u =800,000 versus H, : 4 < 800,000

(C) Hp: u < 800,000 versus H, : u = 800,000

(D) Hp : x = 800,000 versus H, : x > 800,000

(E) Hp : x = 800,000 versus H, : x < 800,000

END OF SECTION 1
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STATISTICS
SECTION I1
Time—1 hour and 30 minutes

6 Questions

Part A

Suggested Time — 1 hour and 5 minutes

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.
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1. A large city is considering increasing the number of buses running on a certain route. To determine whether there is a
need for more buses, a random sample of 58 people at bus stops along the route is selected. The amount of time a person
waits until a bus arrives is recorded to the nearest tenth of a minute for each person. The histogram shows the distribution
of wait time. The first bar includes values from O to 1.9 minutes, the second bar includes values from 2 to 3.9 minutes,
and so on.

(a) Based on the distribution of wait time shown in the histogram, what would be a statistical advantage of using the
sample median rather than the sample mean as the estimate of the typical wait time?

(b) Using the histogram, describe an appropriate procedure for estimating the sample median wait time. Use the proce-
dure to provide an estimate for the sample median wait time.

(c) Based on the histogram, the smallest possible interquartile range (IQR) for the wait times is 4.1 minutes and the
largest possible IQR for the wait times is 7.9 minutes. Which of these two IQR values would identify more wait
times as potential outliers? Justify your response.
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2. Orthodontists use Temporary Anchoring Devices (TADs) to keep teeth in place. TADs can be made of stainless steel or
titanium. A certain amount of damage is expected during use of the TADs, but too much damage to the TADs could result
in a failure to achieve the desired results. An experiment was performed to compare the mean amount of damage to TADs
made of stainless steel to the mean amount of damage to TADs made of titanium. Researchers recruited 386 volunteer
orthodontic patients requiring TADs to participate in the experiment. Each volunteer had a TAD made of stainless steel
placed on one side of the mouth and a TAD made of titanium placed on the other side of the mouth. For each volunteer,
a flip of a fair coin determined which side of the mouth, left (Heads) or right (Tails), received the TAD made of stainless
steel. The other side of the mouth received the TAD made of titanium. After six months, an orthodontist recorded the
amount of damage observed on each TAD on a scale of 1 to 10, with 1 representing the least damage and 10 representing
the most damage.

(a) Identify the experimental units and treatments in the context of this experiment.

e Experimental units
e Treatments

(b) Consider the design of this experiment.

i. Identify the experimental design.

ii. Characteristics of each volunteer, such as age, diet, and dental hygiene, influence the amount of damage to a
TAD. Explain how the design of this experiment controls for the effects of these characteristics.

(c) What would it mean for this experiment to be single-blind?

(d) Suppose the experiment showed no significant difference in the mean amount of damage between the two types of
TADs. Can these results be generalized to all orthodontic patients requiring TADs? Justify your response.
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3. Jacob is taking a quiz that consists of a list of five quotations from history and a list of names of the five historical figures
who said them. The quiz directions are to match each quotation on the first list with one of the names on the second list,
matching each name to exactly one quotation.

(a) Consider just the first two quotations. If Jacob randomly guesses two different names from the list of five names for
the first two quotations, what is the probability that he correctly matches both?

Now consider all five quotations and suppose that Jacob randomly guesses the matching name for each quotation,
matching each name to exactly one quotation. Let the random variable X represent the number of correct matches
out of the five quotations. The table shows the probability distribution of X.

Number of correct matches 0 1 2 3 4 5

4445 120 10 0 |1
120 | 120 | 120 | 120 | 120 | 120

(b) Calculate the conditional probability that Jacob will match exactly three quotations correctly, given that he matches
at least two of the five quotations correctly. Show your work.

Probability of x, P(x)

(c) The expected value of the probability distribution of X is 1. What is the interpretation of this expected value in
context?

(d) Does the random variable X have a binomial distribution? Explain why or why not.
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4. A large airport has parking spaces spread among 4 types of parking lots. The cost to park a car per day differs from lot to
lot depending on the time it takes to get to the airport terminal. The parking lots are described as follows.

e Premium parking is less than a 5-minute walk to the airport terminal. Premium parking spaces account for 15 percent
of the total number of airport parking spaces.

e General parking is a 5- to 10-minute walk to the airport terminal. General parking spaces account for 29.5 percent
of the total number of airport parking spaces.

e Economy parking is a 10- to 15-minute walk to the airport terminal. Economy parking spaces account for 37 percent
of the total number of airport parking spaces.

o Off-site parking uses a shuttle that operates every 15 minutes to transport people from the off-site parking lot to the
airport terminal. Off-site parking spaces account for 18.5 percent of the total number of airport parking spaces.

Tens of thousands of drivers park in the airport’s parking lots each year. A random sample of 343 drivers who park in
the airport’s parking lots is selected during a given year, and each driver is asked where they would choose to park if all
parking lot options were available to them. Airport officials counted the number of responses for each type of parking lot,
and the results are summarized in the table.

Type of Parking Lot | Number of Responses
Premium 63
General 125
Economy 111
Off-site 44
Total 343

Do the data in the table provide convincing statistical evidence that at least one of the proportions of all drivers who park
in the airport’s parking lots who would choose each type of parking lot is different from the proportion of the total number
of airport parking spaces accounted for by that type of parking lot? Complete the appropriate inference procedure to
support your answer using a significance level of o = 0.05.
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5. An important economic indicator is the labor participation rate. The labor participation rate is the proportion of the
population of people 16 years and older that are working or actively looking for work. Dr. Ogden, an economist, believes
this proportion for a certain city increased from January 2022 to December 2022. A random sample of people 16 years
and older from that city was taken in January 2022 and an independent random sample of people 16 years and older from
that city was taken in December 2022. The sample outcomes are shown in the table.

January 2022 | December 2022

Working or actively looking for work 55 35

NOT working or actively looking for work 50 15

(a) Consider the data in the table.

i. What proportion of people who were sampled in January 2022 were working or actively looking for work?
ii. What proportion of people who were sampled in December 2022 were working or actively looking for work?

(b) Complete the mosaic plot for these data.

1.0+
09+
0.8+
0.7+
Proportion 82 T B Working or actively looking for work
044 [J] NOT working or actively looking for work
03+
02+
0.1+
0.0 >

Month in 2022
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(©)

Recall that Dr. Ogden believes the true proportion of 16 people years and older from the city that were working
or actively looking for work increased from January 2022 to December 2022. To test this belief, Dr. Ogden will
conduct a two-sample z-test for a difference in population proportions. Assume all conditions for inference have
been met.

Let p; represent the true proportion of people 16 years and older from that city that were working or actively looking
for work in January 2022 and pp represent the true proportion of people 16 years and older from that city that were
working or actively looking for work in December 2022.

i. What are the appropriate hypotheses for Dr. Ogden’s test?

ii. The p-value of this test is p = 0.019. What conclusion should Dr. Ogden make at the o¢ = 0.05 level of
significance?
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STATISTICS
SECTION 11, Part B
Suggested Time—25 30 minutes

1 Question

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 zoo has 20 young turtles of a certain species. The zookeeper is interested in the relationship between the age in months
and the length in centimeters (cm) of the 20 turtles. A scatterplot and the least-squares regression line relating age and
length of the 20 turtles are shown.
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The least-squares regression equation is predicted length = 18.258 4+ 0.861(age), and > = 0.701.

(a) Calculate and interpret the correlation coefficient, r, between turtle age and length.

(b) There are 2 turtles that are 28 months old. One is female and one is male. The female turtle has a residual of —2.27
cm, and the male turtle has a residual of 3.13 cm.

1. On the scatterplot, circle the point that corresponds to the 28-month-old female turtle.
ii. Interpret the residual for the 28-month-old male turtle in context.
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The 20 turtles make up the zoo’s population for this species of turtle. There are 8 male turtles and 12 female turtles.
The zookeeper wants to determine the strength of the relationship between sex of the turtle and length of the turtle.
To do this, the zookeeper will use the point-biserial correlation. The point-biserial correlation is a measure of the
strength of the relationship between a quantitative variable (e.g., length of the turtle) and a categorical variable with
two categories (e.g., sex of the turtle). The value of the point-biserial correlation is between —1 and 1, and like the
correlation coefficient, values closer to —1 or 1 indicate a stronger correlation between the two variables. A formula
(mi —ma)\/p(1—p)
SD )

for the point-biserial correlation is r,, =

In this context, m; = the mean length of the male turtles, m, = the mean length of the female turtles, p = the
proportion of the 20 turtles that are male, 1 — p = the proportion of the 20 turtles that are female, and SD = the
standard deviation of the lengths of the 20 turtles.

Numerical summaries for the turtle lengths are given in the following table.

Male |Female
Mean length (cm) 42.78 | 35.88
Number of turtles 8 12
Standard deviation of length of the 20 turtles (cm) 4.79

(c) Consider the strength of the relationship between sex and length.

i. Calculate the point-biserial correlation, rp;,, between length and sex of these 20 turtles.

ii. The zoo also has a population of 40 tortoises, of which 16 are male and 24 are female. The lengths of male and
female tortoises tend to be more similar than the lengths of male and female turtles, but the overall variability
in the lengths of tortoises is similar to that of the turtles. Based on the point-biserial correlations, would the
strength of the relationship between length and sex for the tortoises be weaker or stronger than that of the turtles?
Justify your answer.

29



Consider the original scatterplot of length versus age with the points identified by the sex of the turtle and summaries
of the relationship between sex and age of the 20 turtles.
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Turtle Age (months) Sex of Turtles
o Male e Female
Male | Female
Mean age (months) 27 22
Number of turtles 8 12
Standard deviation of age of the 20 turtles (months) 4.86
Point-biserial correlation between sex and age 0.50

(d) Is age a confounding variable in the relationship between length and sex of the 20 turtles? Justify your answer based
on the analysis conducted and the information provided.

END OF EXAM
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1.  Students in an online course are each randomly assigned to receive either standard practice exercises or adaptive
practice exercises. For the adaptive practice exercises, the next question asked is determined by whether the student
got the previous question correct. The teacher of the course wants to determine whether there is a difference
between the two practice exercise types by comparing the proportion of students who pass the course from each
group. The teacher plans to test the null hypothesis that pg = pa versus the alternative hypothesis pg # pa, where
ps represents the proportion of students who would pass the course using standard practice exercises and pa
represents the proportion of students who would pass the course using adaptive practice exercises.

The teacher knows that the 99 percent confidence interval for the difference in proportion of students passing the
course for the two practice exercise types (standard minus adaptive) is (0.03,0.24) and the 90 percent confidence
interval for the difference in the proportion of students passing the course for the two practice exercise types
(standard minus adaptive) is (0.06, 0.21). Which of the following is the most reasonable conclusion for the
teacher’s hypothesis test at the a« = 0.05 level?

(A) The p-value is less than 0.01, so there is convincing statistical evidence that the proportion of students
who would pass the course for the two practice exercise types differs at the 5% level.

(B) The p-value is between 0.01 and 0.10, so there is convincing statistical evidence that the proportion of
students who would pass the course for the two practice exercise types differs at the 5% level.

©) The p-value is between 0.01 and 0.10, so the researchers cannot determine whether the proportion of
students who would pass the course for the two practice exercise types differs at the 5% level.

(D) The p-value is between 0.01 and 0.10, so there is not convincing statistical evidence that the proportion
of students who would pass the course for the two practice exercise types differs at the 5% level.

(E) The p-value is greater than 0.10, so there is not convincing statistical evidence that the proportion of

students who would pass the course for the two practice exercise types differs at the 5% level.

2.  Anexperiment was conducted to assess the effect of baking temperature on the density of bread. A large batch of
white bread dough and a large batch of whole wheat bread dough were prepared. Each of the batches was formed
into 18 loaves, resulting in a total of 36 loaves. Each of the white bread loaves was randomly assigned to one of
three baking temperatures (low, medium, and high), so that 6 loaves were baked at the low temperature, 6 were
baked at the medium temperature, and 6 were baked at the high temperature. A similar process of random
assignment was carried out for the whole wheat bread loaves.

Which of the following are the treatments in the experiment?
(A) The 36 loaves of bread
(B) The type of bread (white, whole wheat)
(C) The density of the bread

(D) The baking temperatures (low, medium, high) v

(E) The two batches of bread dough
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3.  Concerned about the length of high school basketball games, the governing body for high school sports in a certain
state is investigating the possibility of shortening game length if the mean game length is greater than 90 minutes. A
random sample of 25 games from the current season was selected, and the sample mean game length was 95
minutes with a sample standard deviation of 10 minutes.

Assuming that the distribution of game length is approximately normal, which of the following is the appropriate

probability statement for determining the p-value of the hypothesis test to investigate whether the mean game length
is greater than 90 minutes?

A P <t > 9?0 ) , where ¢ follows a t-distribution with 24 degrees of freedom. v
%
B) P (t > g(;g% ) , where t follows a t-distribution with 24 degrees of freedom.
%
(c) P <t > g(i\/ofﬁ ) , where t follows a t-distribution with 25 degrees of freedom.
%
(D) P (z > 90%0795 ) , where z follows a standard normal distribution.
%
(E) P <z > 95;)90 ) , where 2 follows a standard normal distribution.

4. A chocolatier, a person who makes chocolate candy, at a candy company has developed a new dark chocolate candy

and believes it will be less bitter than the current dark chocolate candy on the market. The chocolatier hired 40

professional taste testers to participate in an experiment. The chocolatier flipped a coin for each participant. If the
coin landed on heads, the participant tasted the new dark chocolate candy first, then tasted the current dark
chocolate candy. If the coin landed on tails, the participant tasted the current dark chocolate candy first, then tasted
the new dark chocolate candy. The participants rated the bitterness of each dark chocolate candy on a scale of 1 to

10, with 1 being the least bitter and 10 being the most bitter. Using a paired t-test to test the belief, the chocolatier
calculated a p-value of 0.274.

Assuming the conditions for inference have been met, which of the following is the best conclusion for the
chocolatier’s hypothesis test?

(A)

(B)

©

Because the p-value is less than any reasonable level of significance, there is convincing statistical
evidence to support the belief that the new dark chocolate candy is less bitter than the current dark
chocolate candy on average for those similar to the participants in the study.

Because the p-value is less than any reasonable level of significance, there is not convincing statistical
evidence to support the belief that the new dark chocolate candy is less bitter than the current dark
chocolate candy on average for those similar to the participants in the study.

Because the p-value is greater than any reasonable level of significance, there is convincing statistical
evidence to support the belief that the new dark chocolate candy is less bitter than the current dark
chocolate candy on average for those similar to the participants in the study.

(D)

Because the p-value is greater than any reasonable level of significance, there is not convincing
statistical evidence to support the belief that the new dark chocolate candy is less bitter than the current
dark chocolate candy on average for those similar to the participants in the study.

v

(E)

Since the taste testers were not randomly selected, this was not a well-designed experiment and a
conclusion about the bitterness of the new dark chocolate candy cannot be made.
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5. A public health analyst is interested in investigating whether there is a linear relationship between body mass index
(BMI) and fasting blood glucose (FBQG) for a particular population of adults. The analyst measured the BMI and
FBG for each adult in a sample of 227 volunteers. The computer output for the linear regression analysis
predicting FBG from BMI is shown.

Predictor Coef SE Coef T P(> |t])
Constant 94.207 3.126 30.141 0.000
BMI 0.204 0.109 1.868 0.060
r* =0.015

Assume the conditions for inference have been met. Based on the computer output, which of the following
conclusions is appropriate for all adults in the population similar to those who volunteered for the study?

(A) There is a significant linear relationship at the 0.01 level between FBG and BMI.

B) There is a significant linear relationship at the 0.05 level but not at the 0.01 level between FBG and
BMI.

©) There is a significant linear relationship at the 0.10 level but not at the 0.05 level between FBG and v
BMI

(D) There is a significant linear relationship at the 0.25 level but not at the 0.10 level between FBG and
BMIL

(E) There is not a significant linear relationship at the 0.25 level between FBG and BMLI.

6.  The distribution of body temperature for healthy adults is approximately normal with mean 98.2°F' and standard
deviation 0.7 °F'. Based on the description of the distribution, which of the following statements CANNOT be
supported?

(A) More than 95% of healthy adults have a body temperature greater than 96.8 °F.

(B) The first quartile of the distribution of healthy adults’ body temperature is less than 97.5°F. v

(C) Approximately 50% of healthy adults have a body temperature greater than 98.2°F'.
(D) Approximately 95% of healthy adults have a body temperature between 96.8°F and 99.6°F'.
(E) A body temperature of 100.3°F or more would occur in less than 2% of healthy adults.
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7. A research scientist is conducting an experiment to determine whether a new chemical process creates less toxic
byproduct compared to the current chemical process. The scientist took a random sample of products made with the
current chemical process and calculated the sample mean amount of toxic byproduct created. The scientist then took
a random sample of products made with the new chemical process and calculated the sample mean amount of toxic
byproduct created. The difference in the sample means (current minus new) was 2.31 liters of toxic byproduct. A
hypothesis test was conducted using the following hypotheses.

Hy : Heurrent — Mnew = 0
Ha * Heurrent — Mnew > 0

Assuming the conditions for inference were met, the scientist calculated the p-value of the test to be 0.072. Which
of the following statements is the best interpretation of the p-value?

(A) The probability that the null hypothesis is true is 0.072.
(B) The probability that the alternative hypothesis is true is 0.072.
(C) The probability of observing a difference in means of 2.31 liters of toxic byproduct is 0.072.

If the null hypothesis is true, the probability of observing a difference in means of at least 2.31 liters of
(D) . ;
toxic byproduct is 0.072.

If the null hypothesis is true, the probability of observing a difference in means of at most 2.31 liters of
(E) . ;
toxic byproduct is 0.072.

8.  Consider a population consisting of four children with ages, in years, of 2, 5, 6, and 11. The population mean age is
6 years, and the population variance is 10.5 square years.

For simple random samples of size 2 taken with replacement, what are the mean and standard deviation of the
sampling distribution of the sample mean age, in years?

(A) Mean 3 and standard deviation 5.25
(B) Mean 3 and standard deviation 2.29
(C) Mean 6 and standard deviation 4.24

(D) Mean 6 and standard deviation 2.29 v

(E) Mean 6 and standard deviation 1.87

9.  For a chi-square test for independence with 6 degrees of freedom and a significance level of 0.05, the value of the
test statistic was x2 ~ 10.497. The associated p-value was 0.1052.

Assuming all necessary conditions for the chi-square test were met, what type of error is possible?
(A) A Type I error is possible, because the null hypothesis was rejected.
(B) A Type I error is possible, because the null hypothesis was not rejected.
(C) No error is possible, because the correct decision was made.

(D) A Type II error is possible, because the null hypothesis was rejected.

(E) A Type II error is possible, because the null hypothesis was not rejected. v
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10.

11.

12.

A prize game at a circus has a spinner with 12 sections, where each section is equally likely to be selected when the
spinner is spun. There are 7 blue sections and 5 orange sections. Camille has spun the spinner 4 times and the
pattern of outcomes was orange, blue, orange, blue. Camille will spin the spinner two more times.

Which of the following statements is true?

On Camille’s fifth spin of the spinner, the probability that the spinner will land in a blue-colored section

(A) is equal to the probability that the spinner will land in an orange-colored section.

On Camille’s fifth spin of the spinner, the probability that the spinner will land in a blue-colored section
is less than the probability that the spinner will land in an orange-colored section.

(B)

On Camille’s fifth and sixth spins of the spinner, the probability that the spinner will land in a blue-
(C) colored section for both spins is equal to the probability that the spinner will land in an orange-colored
section for both spins.

On Camille’s fifth and sixth spins of the spinner, the probability that the spinner will land in a blue-
(D) colored section for both spins is greater than the probability that the spinner will land in an orange-
colored section for both spins.

On Camille’s fifth and sixth spins of the spinner, the probability that the spinner will land in a blue-
(E) colored section for both spins is less than the probability that the spinner will land in an orange-colored
section for both spins.

Suppose a new regulation requires businesses to pay all employees a minimum wage of $15.00 per hour. A small
coffee shop currently has 9 employees—5 employees whose wages are less than $15.00 per hour and 4 employees
whose wages are more than $15.00 per hour. To meet the new regulation, the coffee shop plans to increase the
wages of the 5 employees whose wages are less than $15.00 per hour to $15.00 per hour. The other 4 employees
will not receive a wage increase at this time.

Which of the following must be true about the median wage of the 9 employees after the wage increase occurs?
(A) The median wage will be greater than $15.00 per hour.
(B) The median wage will increase but will be less than $15.00 per hour.

(C) The median wage will be $15.00 per hour. v

(D) The median wage will not change.

(E) The median wage cannot be determined from the information provided.

A technology company has 1,200 employees. The director of human resources at the company selects 250 of the
employees at random, without replacement, and asks them to fill out an anonymous survey asking whether they plan
to attend the company’s holiday party. The proportion of employees in the sample who plan to attend the party is
0.816. Based on this proportion, the director calculates a 95 percent confidence interval for the proportion of all
0.816(1—0.816)

employees who plan to attend the holiday party as 0.816 + 1.96 550 .

Which of the following is true concerning whether it is appropriate to use the confidence interval to estimate the
proportion of all employees who plan to attend the holiday party?
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(A) The confidence interval is appropriate to use because the employees were randomly selected.

(B) The confidence interval is not appropriate to use because one of the values np and n(1 — p) is less
than than 10.

©) The confidence interval is not appropriate to use because 250 employees is more than 10% of all v
employees at the company.

(D) The confidence interval is appropriate to use because np and n(1 — p) are greater than 10.

(E) The confidence interval is appropriate to use because n > 30.

13. A total of 13 distinct groups, but with each group similar to the other groups, participated in a craft fair. To
investigate how satisfied the participants were with the fair, the fair director conducted a survey. The director
randomly selected 5 of the groups participating in the fair and surveyed all members of the selected groups.

Which statement best describes the sampling method used by the director?
(A) It was convenience sampling, because participants from each group were easy to contact.
(B) It was simple random sampling, because the participants were selected at random.

©) It was stratified random sampling, because the director ensured that members from each group were
selected.

(D) It was cluster sampling, because the sample consisted of all members of the 5 randomly selected groups. v

(E) It was systematic random sampling, because the director selected exactly 5 groups.

14. A grocery store received three shipments of bags of cranberries: one from farm A,
one from farm B, and one from farm C. The distributions of the weight of a bag are
unimodal and symmetric for all three shipments. The number of bags and the mean
and standard deviation, in ounces (0z), for each shipment are shown in the table.

Farm Number of Bags

Mean (0z)

Standard Deviation (0z)

A 100 16.0 0.5
B 100 16.0 0.1
C 100 16.0 0.1

Which of the following statements is true?
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(A) The shipment from farm A is most likely to have the greatest number of bags that weigh less than 16 oz

The shipment from farm B is most likely to have the greatest number of bags that weigh less than 16 oz

(B)

The shipment from farm C is most likely to have the greatest number of bags that weigh less than 16 oz

©

The shipments from farms B and C are the only shipments that are likely to have an approximately equal
number of bags that weigh less than 16 oz.

(D)

The shipments from farms A, B, and C are all likely to have an approximately equal number of bags that
weigh less than 16 oz.

(E)

15. A certain computer chip company has a machine that makes a large number of computer chips. Of the computer
chips produced on this machine, 3% are defective. Miriam, the quality control inspector, will randomly select
computer chips from the machine to inspect.

What is the probability that the first defective computer chip Miriam finds is the sixth computer chip she inspects
from the machine?

(A) (0.03)%(0.97)

(B) 1— (0.03)°

(©) (0.97)°(0.03) 4
(D) (0.97)°

(E) 1—(0.97)°

16. A county manager selected a random sample of 200 residents from a suburban area of the county and a separate
random sample of 200 residents from an urban area of the same county. The residents in the samples were asked
whether they thought the county should create dog parks where residents can take their dogs to play. From those
who were sampled, 41 percent of the suburban residents and 35 percent of the urban residents thought the county
should create dog parks.

Let pg represent the population proportion of suburban residents who think the county should create dog parks, and
let py represent the population proportion of urban residents who think the county should create dog parks. The
county manager will test the following hypotheses.

Hy: ps = pu

Ha: Ds 7é bu

Assuming the conditions for inference were met, which of the following is closest to the p-value of the county
manager’s test?
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(A) 0.7778
(B) 0.4444
(C) 0.2222

(D) 0.2164 Wz
(E) 0.1082

17. A fair coin will be tossed three times. The set of possible outcomes may be described by the ordered triples

{HHH, HHT, HTH, HTT, THH, THT, TTH, TTT}, where H represents heads and T represents tails.

What is the probability that all three tosses result in heads, given that the three tosses result in more heads than tails?

A §
B) 1 N
© 5
D) %
(E) 5

18. A researcher wants to examine the effect of 2 different strengths—Ilow and high—of fertilizer on the growth of
corn. A field will be divided into 54 equally sized plots of land, and the 2 fertilizer strengths will be randomly
assigned so that 27 plots will be fertilized with low strength and 27 plots with high strength. The same type and
amount of corn will be planted in each plot at the same time. The yield (amount of corn produced) will be measured
for each plot.

Which of the following would provide the best evidence that the strength of fertilizer had an effect on the yield?

(A)

The variation in yields within the fertilizer strength groups is greater than the variation in the average
yields between the fertilizer strength groups.

The variation in yields within the fertilizer strength groups is less than the variation in the average yields
between the fertilizer strength groups.

(B)

(C) The variation in yields is about the same for all plots.

(D)

The variation in yields of plots receiving the low-strength fertilizer is greater than the variation in yields
of plots receiving the high-strength fertilizer.

The variation in yields of plots receiving the low-strength fertilizer is less than the variation in yields of

(E) plots receiving the high-strength fertilizer.
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19. According to the United States Social Security Administration (SSA), for children born 18 years ago, the following
table gives the percentage of children with a first name beginning with the letters A—C, D-J, K-M, and N-Z.

Percentages from the SSA

Beginning letter of first name A-C D-J K-M N-Z
P t of the SSA
ercent of names recorded by the SSA. | o5 6ror | 9630% | 25.10% | 22.95%
beginning with that letter

Daphne, a senior at a large high school, will investigate whether the distribution of the beginning letter of first
names of students at her high school who were born 18 years ago is consistent with the percentages from the Social
Security Administration. She took a random sample of 80 students from her school who were born 18 years ago.
Daphne recorded the number of students with a first name beginning with the letters A—C, D-J, K-M, and N-Z. The

results are shown in the following table.

Numbers from Daphne’s Sample

Beginning letter of first name A-C D-J K-M N-Z
Nur.nbe.r of n'ames in Daphne’s sample 17 925 15 923
beginning with that letter

Assuming the conditions for inference are met, what is the appropriate chi-square test and calculation of the test

statistic for her investigation?

(a) AX° goodness-of-fittest; x* = LI o+ L5300l o (52008 L0 Ron)

(B) A x? goodness-of-fit test; x> = (17;020)2 + (255020)2 + (15;020)2 I (23;020)2

(©) A x? goodness-of-fit test; x2 = (17;022'252)2 + (25;itf4)2 + (155(3%;)8)2 + (23I;§§6)2 v
(D) A X2 test for independence; x? = (17552.‘2'565)2 + (25;62.?3.(?0)2 + (15;5?51-30)2 + (23;22;595)2

(E) AX2 test for independence; X2 = (17;020)2 + (25;020)2 + (15;020)2 + (23;020)2
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To determine whether an herbal supplement helps relieve knee pain, researchers will select 50 patients with knee
pain to participate in a study. The participants will be randomly assigned to one of two groups, with 25 participants
in each group. The first group will receive the herbal supplement daily for one week, and the second group will
receive a placebo daily for one week. Patients will continue to take their current pain medication during the week.
At the end of the week, the patients will record their pain score on a scale of 1 to 10, where 1 represents no pain
and 10 represents extreme pain.

Assuming the conditions for inference are met, which of the following would be the most appropriate statistical
method to estimate the difference in mean pain score between the herbal supplement and the placebo for all patients
with knee pain who are similar to the participants in the study?

(A) A one-sample z-interval for estimating a population proportion
(B) A one-sample t-interval for estimating a population mean
(C) A matched-pairs t-interval for estimating a population mean difference

(D) A two-sample z-interval for estimating a difference between population proportions

(E) A two-sample t-interval for estimating a difference between population means v

It is known that 75 percent of all households in the United States have intermittent Internet connectivity problems.

For random samples of 450 independent households in the United States, what are the mean, p, and standard
deviation, o, of the distribution of the number of households that have intermittent Internet connectivity problems?

(A) H=450(0.25),0 = 1/450(0.25)(0.75)

®) H=450(0.75),0 = 1/450(0.75)(0.25) ¢

(© H=450(0.25)(0.75), 0 = 1/ LET)

D) H=450(0.25)(0.75),0 = /450(0.25)(0.75)

. . (0.75)(0.25)
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23.

Attendance records at a large high school show that 6 percent of students are late to school on a typical day. The
students in an AP Statistics class believe the rate is higher than 6 percent. The students took a simple random
sample of 75 students from the school and asked, “Were you late to school today?” In their sample,

6 out of the 75 students, or 8 percent of the sample, said they were late to school that day. The AP Statistics
students conducted a simulation with 100 samples of 75 students from a population where 6 percent of students are
late. The results of the simulation are shown in the dotplot.

25
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Simulated Sample Percentage of
Students Late to School

Based on the simulation and the results of the AP Statistics class’s sample, is there convincing statistical evidence
that more than 6 percent of all students at the school are late to school on a typical day?

(A) Yes, because 8% of students in their sample said they were late to school that day.
(B) Yes, because about 47% of the simulated sample percentages of students late to school are 6% or more.
(C) No, because about 47% of the simulated sample percentages of students late to school are 6% or more.

(D) Yes, because about 29% of the simulated sample percentages of students late to school are 8% or more.

(E) No, because about 29% of the simulated sample percentages of students late to school are 8% or more. v

The distribution of long jump distance in a statewide high school league is approximately normal with a mean of
18.5 feet and a standard deviation of 3.2 feet. Two students, Joshua and Mateo, from this league competed in the
long jump. Joshua’s distance was 0.52 standard deviation below the mean of the distribution. Mateo’s distance was
at the 48th percentile of the distribution.

At approximately what percentile was the distance jumped by Joshua, and how did his distance compare to Mateo’s
distance?
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24,

25.

26.

v

(A) Joshua’s distance was at the 30th percentile of the distribution and was less than Mateo’s distance.

(B) Joshua’s distance was at the 30th percentile of the distribution and was greater than Mateo’s distance.
(C) Joshua’s distance was at the 48th percentile of the distribution and was less than Mateo’s distance.
(D) Joshua’s distance was at the 48th percentile of the distribution and was greater than Mateo’s distance.

(E) Joshua’s distance was at the 70th percentile of the distribution and was greater than Mateo’s distance.

A large manufacturing company has tens of thousands of employees, and 30 percent of the employees have
completed a management training course. Suppose a simple random sample of 50 employees is selected.

Which of the following is closest to the probability that more than half of the sample will be employees who have
completed the management training course?

(A) 0.001

(B) 0.065
(©) 0.170
(D) 0.300
(E) 0.999

v/

The recreation committee of a certain town is interested in creating a new nature trail for walkers, runners, and
bikers. A random sample of 100 town residents were asked whether they are in favor of creating the new trail. Of

those sampled, 78 said yes.

What is the population of interest for which the committee can generalize its conclusions?
(A) The 100 town residents who were asked about whether they are in favor of creating the new trail
(B) The 78 town residents who responded that they are in favor of creating the new trail
(C) All town residents who are walkers, runners, or bikers

(D) All town residents who are in favor of the new trail

(E) All town residents v

Carol, a reporter in a large city, took a random sample of 300 households and found that the 90 percent confidence
interval for the proportion of households that own a pet is (0.63, 0.71). Jason, the director of a local animal shelter,
wants to verify this result for the proportion of households that own a pet and takes a different random sample of
200 households and finds that 67 percent own a pet.

Assume the conditions for inference have been met. Jason will calculate a 90 percent confidence interval for the
proportion of households that own a pet using his sample data. How would the margin of error from Jason's
confidence interval compare to the margin of error from Carol's confidence interval?
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Jason’s margin of error would be the same as Carol’s margin of error because the confidence level did
not change.

(A)

Jason’s margin of error would be the same as Carol’s margin of error because the point estimate did not
change.

(B)

Jason’s margin of error would be less than Carol’s margin of error because Jason used a smaller sample
size.

©

Jason’s margin of error would be greater than Carol’s margin of error because Jason used a smaller v
sample size.

(D)

Jason’s margin of error would be greater than Carol’s margin of error because Jason’s point estimate is
greater.

(E)

27. A botanist is studying the weights, measured in pounds, of pumpkins grown at two different farms. The boxplots
show the distribution of pumpkin weight for two samples of equal size, one from farm A and the other from farm B.

Farm A ————— | } |
arm B ] E—

6 8§ 10 12 14 16 18 20 22
Pumpkin Weight (pounds)

Based on the boxplots, which of the following is a correct conclusion about the distribution of pumpkin weight for
the samples from the two farms?

(A) The interquartile ranges of the pumpkin weights are the same for farm A and farm B.
(B) The range of the pumpkin weights for farm B is greater than the range for farm A.

There are more pumpkin weights that are greater than 18 pounds from farm A than there are from

© farm B.
(D) There are more pumpkin weights that are greater than 12 pounds from farm B than there are from
farm A.

(E) There are more pumpkin weights that are less than 10 pounds from farm B than there are from farm A. v
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28. Voters in a certain large county will have an opportunity to vote for or against a new environmental rule that would
incentivize the return of certain used batteries to a county-certified recycling facility. The results of a previous poll
found that 41 percent of registered voters in that county plan to vote for the environmental rule. Juwan, an engineer
working at the recycling facility, randomly selected 15 registered voters and asked whether they plan to vote for the
rule.

Assuming that 41 percent represents the actual percent of registered voters in the county who plan to vote for the
environmental rule, which of the following is closest to the probability that at most 2 of the registered voters Juwan
selected plan to vote for the environmental rule?

(A) 0.0042
(B) 0.0185

() 0.0227 v

(D) 0.9773
(E) 0.9958

29. A data scientist had 5 different sets of data. For each data set the scientist fit a least-squares regression line, then
graphed the residuals versus the predicted values for each. Which residual plot indicates that the least-squares
regression model was the most appropriate model to fit the data?
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30. A jewelry manufacturer tracks sales of three types of jewelry (rings, necklaces, and earrings) across each of three
different retail outlet categories (specialty store, department store, and warehouse club). The segmented bar chart
shows the distribution for each retail outlet for the three jewelry types based on sales data for the past week.

Specialty
Store

Department
Store

Warehouse
Club

0%  20% 40% 60% 80% 100%

. Rings |:| Necklaces |:| Earrings

Based on the chart, which statement must be true?

The percent of earring sales at department stores was less than the percent of necklace sales at specialty
stores.

(A)
(B) For each retail outlet category, less than 30% of sales were earrings.
©
(D) The greatest number of ring sales came from warehouse clubs.

(E)

The number of earring sales for department stores was the same as the number of earring sales for
warehouse clubs.

The number of ring sales for specialty stores was greater than the number of ring sales for warehouse
clubs.

31. A one-sample 2z-test for a population proportion was conducted to test Hy : p = 0.35 versus H, : p # 0.35.

Assuming the conditions for inference were met, which combination of sample proportion and sample size would
result in the smallest p-value of the test?
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(A) p=0.35andn = 200
B) p =0.40andn = 100
(C) p=0.40andn = 60

(D) p = 0.25and n = 100 v
(E) p =0.25andn = 60

32. Two scatterplots are shown.

Plot A . Plot B
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Based on the scatterplots, which statement CANNOT be true?
(A) Plot A indicates a nonlinear relationship between the variables.

(B) Plot B indicates a linear relationship between the variables.

(C) The correlation coefficient for the data in plot B is close to 1. v

(D) The correlation coefficient for the data in plot A is close to 0.

(E) The 72 value of the least-squares regression line for plot B is greater than the 2 value of the least-
squares regression line for plot A.

33. Researchers studying the relationship between screen time and developmental scores of children in Canada selected
a random sample of 2,441 children. For each child, the researchers recorded the child’s screen time, in hours per
day, when they were 2 years old (x) and their scores on a developmental test, in points, when they were 5 years old
(y). Higher scores on the developmental test are better. The 95 percent confidence interval for the slope of the least-
squares regression line for predicting scores on the developmental test based on screen time was (—0.13, —0.02).

The conditions for inference were met, and the researchers concluded that increased screen time is associated with
lower scores on the developmental test. Which of the following provides the best reason that supports the
researchers’ conclusion?
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(A) This was a 95% confidence interval, which is a high level of confidence.
(B) The sample size was large.
(C) The researchers took years to complete the study.

(D) The confidence interval for the slope of the regression line does not contain 0.

(E) The confidence interval for the slope of the regression line consists entirely of negative numbers. v

34. To investigate whether more than half the adults in a country are fearful of riding in a self-driving car, researchers
surveyed a random sample of 1,600 adults in the country. Of those in the sample, 1,280 adults responded that they
would be fearful of riding in a self-driving car.

Which of the following represents the value of the test statistic for the appropriate hypothesis test for the

investigation?
0.8—0.5
(A) (0.2)(0.8)
1,600
0.8—0.5
(B) (0.5)(0.5) v
1,600
0.8—0.5
©) (080)(02) | (05)(05)
1,600 1,600
0.5—0.8
(D) (0.2)(0.8)
1,600
0.5—0.8
(E) (0.5)(0.5)

1,600

35. Researchers will conduct an experiment to compare the effectiveness of two brands of shampoo—Brand X and
Brand Y. They will use a matched-pairs design in which each participant will use one brand for one week and then
the other brand for one week. For each participant, the researchers will randomly assign which shampoo, Brand X
or Brand Y, will be used first, and 15 milliliters of shampoo will be used for each hair wash. Because the
temperature of the water is known to have an effect, a water temperature less than 100 °F will be used for the first
week and a water temperature greater than 100 °F will be used for the second week. At the end of each week, the
effectiveness of the shampoo being used will be measured.

Which of the following would improve this matched-pairs experiment?

Have each participant use both brands, but have all participants use Brand X first, then switch to
Brand Y

Have each participant use only one of the shampoo brands, with brand randomly assigned for each
participant

(A)

(B)

Have each participant use only one of the shampoo brands, with brand determined by the subject’s
preference

©

(D) Let each participant decide for themselves how much shampoo to use

(E)

Let each participant decide for themselves what water temperature to use, but each participant must keep ./
the water temperature the same for both brands
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36. Gwyneth measured the weights, in pounds, of ten striped bass taken from a local river. She calculated a mean
weight of 13 pounds and a range of 5 pounds. For a report, Gwyneth converted the measurements from pounds to
kilograms. (Note: There is approximately 0.454 kilogram in 1 pound.)

Which of the following is closest to the mean and range of the converted weights?

(A) The mean weight is 28.63 kilograms, and the range is 5 kilograms.
(B) The mean weight is 28.63 kilograms, and the range is 2.27 kilograms.
(C) The mean weight is 5.90 kilograms, and the range is 11.01 kilograms.
(D) The mean weight is 5.90 kilograms, and the range is 5 kilograms.

(E) The mean weight is 5.90 kilograms, and the range is 2.27 kilograms.

v

37. Karmen and Sophia are on a swim team and race in different events at a swim meet. The probability that Karmen
will win her race at the swim meet is 0.1. The probability that Sophia will win her race at the swim meet is 0.3.

If the events of Karmen winning her race and Sophia winning her race are independent, what is the probability that
either Karmen or Sophia will win her race at the swim meet?

(A) 0.03
(B) 0.27
(©) 0.30

(D) 0.37

(E) 0.40

38. As part of a survey, 118 adults with tattoos were asked whether they got their first tattoo before reaching the age of
25 and whether their first tattoo was done by a professional tattoo artist. The resulting data are summarized in the

following table.

Before the Age of 25 25 or Older Total
Professional tattoo artist 10 87 97
Not a professional tattoo artist 9 12 21
Total 19 99 118

Which of the following provides evidence that age at first tattoo and whether the first tattoo was done by a
professional tattoo artist are not independent for the group of 118 adults with tattoos?

AP Statistics
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10 4 87
(A) o7 # o7

B®) 3 # 115 4

97 118

10 10
©) 19 7 o7

19 99
(D)

18 7 118
97 21
E) 15 7 118

39, Daniela designed an experiment to investigate whether listening to music or burning a scented candle affects her
performance while playing her favorite video game. Each day for one month, she randomly chose whether to listen
to classical, rock, or no music while playing her favorite video game. Each day, she also randomly chose whether to
burn a candle with an orange scent, burn a candle with a lavender scent, or not burn a candle. At the end of each
day, she recorded the mean score for 10 plays of her favorite video game.

How many explanatory variables are in the experiment?
(A) One

(B) Two v

(C) Three
(D) Six
(E) Nine

40. A real estate agent indicates that the mean selling price of all single-family homes in Washington, D.C., is
$800,000. A family believes the mean selling price for all single-family homes that are currently for sale is less
than the amount indicated by the real estate agent and will select a random sample of single-family homes that are
currently for sale in Washington, D.C. Let i represent the mean selling price, in dollars, of all single-family homes
that are currently for sale in Washington, D.C.

Assuming that the conditions for inference are met, which of the following hypotheses would be appropriate to test
the family’s belief?

(A) Hp: p = 800,000 versus H, : > 800,000
(B) Hp : = 800,000 versus H, : & < 800,000 v
(C) Hp : pu < 800,000 versus H, : u = 800,000
(D) Hp : £ = 800,000 versus H, : £ > 800,000
(E) Hp: & = 800,000 versus H, : £ < 800,000

K
K
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41. 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.

A large city is considering increasing the number of buses running on a certain route. To determine whether there

is a need for more buses, a random sample of 58 people at bus stops along the route is selected. The amount of
time a person waits until a bus arrives is recorded to the nearest tenth of a minute for each person. The histogram
shows the distribution of wait time. The first bar includes values from 0 to 1.9 minutes, the second bar includes
values from 2 to 3.9 minutes, and so on.

i

1010

Number of 6
Passengers 4

2
11 1
L] 1 Ll LI T L] ] L lI IljI m
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32
Wait Time (minutes)

(a) Based on the distribution of wait time shown in the histogram, what would be a statistical advantage of using
the sample median rather than the sample mean as the estimate of the typical wait time?

(b) Using the histogram, describe an appropriate procedure for estimating the sample median wait time. Use the
procedure to provide an estimate for the sample median wait time.

(c) Based on the histogram, the smallest possible interquartile range (IQR) for the wait times is 4.1 minutes and
the largest possible IQR for the wait times is 7.9 minutes. Which of these two IQR values would identify more
wait times as potential outliers? Justify your response.

Part A, Part B, Part C

Select a point value to view scoring criteria, solutions, and/or examples and to score the response

» Each part of the question (indicated by a letter) is initially scored by determining if it meets the criteria for

essentially correct (E), partially correct (P), or incorrect (I). The response is then categorized based on the scores
assigned to each letter part and awarded an integer score between 0 and 4 (see the table at the end of the
question).

» The model solution represents an ideal response to each part of the question, and the scoring criteria identify the

specific components of the model solution that are used to determine the score.

Scoring
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Parts (a), (b), and (c) are each scored as essentially correct (E), partially correct (P), or incorrect (I).

All three parts essentially correct.

Part (a) essentially correct

Part (a) partially correct

Part (a) incorrect

Part (b) essentially correct

Part (b) partially correct

Part (b) incorrect

Part (c) essentially correct

Part (c) partially correct

Part (c) incorrect
Solution
Part (a):
A statistical advantage of using the median is that the median will better represent the center of the bus wait times. The
histogram of the wait times is skewed towards higher values. Because the distribution is skewed to the right and
potentially has outliers, it is better to use the median, as the mean is pulled towards the skew of the graph. If a distribution
is skewed right, then the mean is usually to the right of the median. The median is resistant to outliers because outliers do
not greatly, if at all, affect the value of the median, but the mean is influenced by outliers. The median will likely coincide

with the peak of the graph, representing the typical wait time, while the mean will likely be to the right of the peak, not
representing the typical wait time.

Scoring

Part (a) is scored as follows:

Essentially correct (E) if the response satisfies the following four components:
Describes how skewness (or outliers) does not affect the median

Describes how skewness (or outliers) does affect the mean

Indicates the median will better represent the center of the distribution

Includes context

Partially correct (P) if the response satisfies only two or three of the four components.

Incorrect (I) if the response does not satisfy the criteria for E or P.
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Additional Notes:

» Component 4 can be satisfied with a reference to bus wait time(s), wait time(s), time(s), buses, or minutes.
Solution
Part (b):
For the 58 people in the sample, the median wait time will be the average of the 29th and 30th wait times when the wait
times are ordered from smallest to largest. To find the median from the histogram, starting in the left-most wait time bin,
add the number of passengers in each wait time bin until you reach the 29th and 30th passengers,

44 6 4+ 10 4+ 10 = 30 passengers.

This occurs in the bin that has a range of 6.0 to 7.9 minutes. The estimated median wait time is between 6.0 and 7.9
minutes, inclusive.

Scoring

Part (b) is scored as follows:

Essentially correct (E) if the response satisfies the following two components:
Includes a valid procedure to find the median

Gives a reasonable estimate as a numerical value or an interval

Partially correct (P) if the response satisfies only one of the two components.
Incorrect (I) if the response does not satisfy the criteria for E or P.

Additional Notes:

» To satisfy component 1, the response must clearly explain a method that two other students with good statistical
understanding would be able to repeat.

* For component 2, an interval no wider than 6 to 8 or any single value from 6 to 8 is acceptable.
Solution
Part (c):
The first quartile for the bus wait times is in the bin from 4 to 5.9.

Using the smaller value of QQ;, the smallest value that is not an outlier would be:

4-15xIQR =4 — 1.5(7.9) = —7.85.

Using the larger value of Q;, the smallest value that is not an outlier would be:

59 —-15xIQR =5.9 — 1.5(4.1) = —0.25.
Because there are no wait times less than these values, there are no outliers on the lower end of the distribution.

The third quartile for the bus wait times is in the bin from 10 to 11.9 minutes.
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Using the smaller value of Q3, the smallest value that is not an outlier would be:

10 + 1.5 x IQR = 10 + 1.5(4.1) = 16.15.

Using the larger value of QQ3, the largest value that is not an outlier would be:

11.9 4+ 1.5 x IQR = 11.9 + 1.5(7.9) = 23.75.

Using the value of 16.15, there are at least 5 wait times that would be considered outliers. Using the value of 23.75 there
are 3 wait times that would be considered outliers.

Using the smaller of the IQRs, 4.1 minutes, to find the outliers using the 1.5 X IQR rule will identify more data values
as outliers than the larger of the IQRs, 7.9 minutes.

Scoring
Essentially Correct (E) if the response satisfies the following three components:
Provides a correct procedure for the calculation of outliers using the 1.5 X IQR rule

Provides a reasonable computation or a reasonable explanation of how the smaller (or larger) IQR affects the location of

the Q; — 1.5 x IQR and Q3 + 1.5 x IQR boundaries
States that using the smaller IQR, 4.1, will identify more outliers than using the larger IQR, 7.9
Partially correct (P) if the response satisfies only two of the three components.
Incorrect (I) if the response does not satisfy the criteria for E or P.
Additional Notes:
* A response that correctly addresses all three components, but only for the upper boundary, may earn a P.

« Component 2 is satisfied if the response uses 6 instead of 5.9 to obtain the boundary —0.15 and/or uses 12
instead of 11.9 to obtain the boundary 23.85 in the calculation.

+ Stating the number of potential outliers is not required to satisfy component 3.
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42. 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.

Orthodontists use Temporary Anchoring Devices (TADS) to keep teeth in place. TADs can be made of
stainless steel or titanium. A certain amount of damage is expected during use of the TADs, but too much
damage to the TADs could result in a failure to achieve the desired results. An experiment was performed to
compare the mean amount of damage to T ADs made of stainless steel to the mean amount of damage to TADs
made of titanium. Researchers recruited 386 volunteer orthodontic patients requiring T ADs to participate in the
experiment. Each volunteer had a TAD made of stainless steel placed on one side of the mouth and a TAD
made of titanium placed on the other side of the mouth. For each volunteer, a flip of a fair coin determined which
side of the mouth, left (Heads) or right (Tails), received the T AD made of stainless steel. The other side of the
mouth received the TAD made of titanium. After six months, an orthodontist recorded the amount of damage
observed on each TAD on a scale of 1 to 10, with 1 representing the least damage and 10 representing the most
damage.

(a) Identify the experimental units and treatments in the context of this experiment.

» Experimental units
* Treatments

(b) Consider the design of this experiment.
(1) Identify the experimental design.

(i1) Characteristics of each volunteer, such as age, diet, and dental hygiene, influence the amount of damage to a
TAD. Explain how the design of this experiment controls for the effects of these characteristics.

(c) What would it mean for this experiment to be single-blind?
(d) Suppose the experiment showed no significant difference in the mean amount of damage

between the two types of TADs. Can these results be generalized to all orthodontic patients requiring TADs?
Justify your response.

Part A, Part B, Part C, and Part D
Select a point value to view scoring criteria, solutions, and/or examples and to score the response
» Each part of the question (indicated by a letter) is initially scored by determining if it meets the criteria for
essentially correct (E), partially correct (P), or incorrect (I). The response is then categorized based on the scores
assigned to each letter part and awarded an integer score between 0 and 4 (see the table at the end of the

question).

» The model solution represents an ideal response to each part of the question, and the scoring criteria identify the
specific components of the model solution that are used to determine the score.

Scoring

Parts (a), (b), (c), and (d) are each scored as essentially correct (E), partially correct (P), or incorrect (I).
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Parts (a) through (d) sum to 4 points
OR

Parts (a) through (d) sum to 31/> points AND a holistic approach is used to decide to score up

Part (a) essentially correct
Part (a) partially correct
Part (a) incorrect

Part (b) essentially correct
Part (b) partially correct
Part (b) incorrect

Part (c) essentially correct
Part (c) partially correct
Part (c) incorrect

Part (d) essentially correct
Part (d) partially correct
Part (d) incorrect

Solution
Part (a):

(1) The experimental units are the left side and right side of the mouth for each orthodontic patient who volunteered to
participate in the study.

(i1) The treatments are the two types of TADs: titanium and stainless steel.
Scoring

Part (a) is scored as follows:

Essentially correct (E) if the response satisfies the following two components:

Correctly identifies the experimental units as the sides of the mouth of each orthodontic patient who volunteered to
participate in the study

Correctly identifies the treatments as the two types of TADs: titanium and stainless steel

Partially correct (P) if the response satisfies only one of the two components.
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Incorrect (I) if the response does not meet the criteria for E or P.
Additional Notes:

» To satisfy component 1, the response may indicate that the experimental units are the patients. The response
could refer to patients, participants, subjects, or volunteers without explicitly mentioning the number 386.

» To satisfy component 2, identification of the treatments must indicate that there are exactly two types of TADs.

» A response that describes the treatment groups rather than the treatment, e.g., the right side of the mouth receives
the stainless steel TAD and the left side of the mouth receives the titanium TAD or the left side of the mouth
receives the titanium TAD and the right side of the mouth receives the stainless steel TAD, may satisfy

component 2.

* A response that describes the placement of the TAD, e.g., which side of the mouth receives the stainless steel
TAD and which side receives the titanium TAD, does not satisfy component 2.

+ If multiple answers are provided, score the weakest answer. For example, if a response says that the experimental
units are “the 386 volunteers and the damage result from 0 to 10,” component 1 is not satisfied.

Solution

Part (b):

(1) This is a matched pairs experiment.

(i1) A matched pairs experiment will allow for control of the volunteer characteristics because each volunteer receives

both TADs: stainless steel and titanium. Because both types of TADs are given to the same person, the environment the
pair of TADs undergoes during the study period is the same.

Scoring

Part (b) is scored as follows:

Essentially correct (E) if the response satisfies the following two components:
Indicates a matched-pair experiment

Indicates that the characteristics listed (or any other reasonable confounding variable) are controlled by using the TADs as
pairs in the same volunteer

Partially correct (P) if the response satisfies only one of the two components.

Incorrect (I) if the response does not meet the criteria for E or P.
Additional Notes:

* A response that indicates the design is a randomized block design and identifies each patient as a block, may
satisfy component 1.

» Ifaresponse does not satisfy component 1, the response may satisfy component 2 with a correct explanation of
how a matched pairs design controls the effects of confounding variables.

» A response that only gives a generic definition for a matched pairs experiment or only references confounding
variables without giving an example does not satisfy component 2.
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* A response with very clear communication with respect to what is meant by control in part (b-ii) should be
considered if holistic scoring is required.

Solution
Part (c):
In a single-blind study either the volunteer or the researcher (but not both) is unaware which treatment is being used. In

this case, it is likely that the patient would not know which side of the mouth had the titanium TAD and which side had
the stainless steel TAD, but the orthodontist would know by the look or shape of the TAD.

Scoring

Part (c) is scored as follows:

Essentially correct (E) if the response satisfies the following three components:
States that the participants are blind to the treatment assignment

States that the orthodontist is not blind to the treatment assignment

Includes context

Partially correct (P) if the response satisfies only two of the three components.
Incorrect (I) if the response does not satisfy the criteria for E or P.

Additional Notes:

+ Ifthe response uses “group” instead of “orthodontist” or “volunteer” in components 1 or 2, the response is scored
at most P.

 If the response states that one of the treatment groups can distinguish between the stainless steel TADs and the
titanium TADs and the other treatment group cannot distinguish between the TADs, the response is scored at

most P.

» A response that states that the orthodontist (or researcher) is blinded, but the participants are not blinded may
satisfy components 1 and 2.

* A description of how the look or feel of the TAD may be different is not required to satisfy any component.

* A response that states the patient or the orthodontists cannot distinguish between stainless steel TADs and
titanium TADs may satisfy only component 1.

Solution

Part (d):

Because the TADs were randomly assigned to the side of the mouth, the results of the study could be generalized to all
patients similar to those in the study. However, the patients in the study are volunteers and may not be representative of all

orthodontic patients requiring TADs. Therefore, the results of the study CANNOT be generalized to all orthodontic
patients requiring TADs.

Scoring
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Part (d) is scored as follows:

Essentially correct (E) if the response satisfies the following three components:

Correctly states that the results cannot be generalized to all orthodontic patients requiring TADs
Indicates the patients in the study may not be representative of all orthodontic patients requiring TADs

Gives a valid reason the patients may not be representative, such as the patients are volunteers or the patients are not
randomly selected

Partially correct (P) if the response satisfies only two of the three components.
Incorrect (I) if the response does not satisfy the criteria for E or P.
Additional Notes:
» A response that states that because treatments were randomly assigned to participants, the results of the
experiment can be generalized to all patients similar to the volunteers in the study may be scored P if it does not

also state that the results can be generalized to all orthodontic patients or all orthodontic patients requiring TADs.

* A response that states that the results can be generalized to all orthodontic patients or all orthodontic patients
requiring TADs should be scored 1.

» Component 3 is not satisfied if invalid reasons for why we cannot generalize to all orthodontic patients are given.
Some examples include, but are not limited to, “because the makers of the TADs are different,” “because the

method of installing the TADs is different,” or “because the sample size is not large enough.”

* A response with very clear communication in part (d) should be considered if holistic scoring is required.
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43. 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.

Jacob is taking a quiz that consists of a list of five quotations from history and a list of names of the five historical
figures who said them. The quiz directions are to match each quotation on the first list with one of the names on
the second list, matching each name to exactly one quotation.

(a) Consider just the first two quotations. If Jacob randomly guesses two different names from the list of five
names for the first two quotations, what is the probability that he correctly matches both?

Now consider all five quotations and suppose that Jacob randomly guesses the matching name for each quotation,
matching each name to exactly one quotation. Let the random variable X represent the number of correct matches
out of the five quotations. The table shows the probability distribution of X.

Number of correct matches, x 0 1 2 3 4 5
15 44 45 20 10 0 1
Probability of x, P(x) [0 |10 |10 |Top |10

(b) Calculate the conditional probability that Jacob will match exactly three quotations correctly, given that he
matches at least two of the five quotations correctly. Show your work.

(c) The expected value of the probability distribution of X is 1. What is the interpretation of this expected value in
context?

(d) Does the random variable X have a binomial distribution? Explain why or why not.

Part A, Part B, Part C, and Part D
Select a point value to view scoring criteria, solutions, and/or examples and to score the response
» Each part of the question (indicated by a letter) is initially scored by determining if it meets the criteria for
essentially correct (E), partially correct (P), or incorrect (I). The response is then categorized based on the scores
assigned to each letter part and awarded an integer score between 0 and 4 (see the table at the end of the

question).

* The model solution represents an ideal response to each part of the question, and the scoring criteria identify the
specific components of the model solution that are used to determine the score.

Scoring
Parts (a), (b), (c), and (d) are each scored as essentially correct (E), partially correct (P), or incorrect (I).

Vv
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Parts (a) through (d) sum to 4 points
OR
Parts (a) through (d) sum to 31/ points AND a holistic approach is used to decide to score up

Part (a) essentially correct
Part (a) partially correct
Part (a) incorrect
Part (b) essentially correct
Part (b) partially correct
Part (b) incorrect
Part (c) essentially correct
Part (c) partially correct
Part (¢) incorrect
Part (d) essentially correct
Part (d) partially correct
Part (d) incorrect

Part (a):

The probability that Jacob will randomly select the correct match to both of the first two matches is

1 1y _ 1

(3)(7) = = = 0.05.

Scoring

Part (a) is scored as follows:

Essentially correct (E) if the response satisfies the following three components:
Correctly gives the individual probability of % for guessing the first match
Correctly gives the individual probability of % for guessing the second match
Multiplies their probabilities of guessing the first match and guessing the second match or shows other supporting work
Partially correct (P) if the response satisfies only two of the three components.
Incorrect (I) if the response does not meet the criteria for E or P.
Additional Notes:
« In decimal form, the calculation is (0.2)(0.25) = 0.05.
* The product of more than two numbers does not satisfy component 3.

« A response that indicates there are 5 - 4 = 20 possibilities and gives probability of 2—10 is scored E.

AP Statistics Page 31 of 53



2023 Form I

Solution
Part (b):

P(XZ2):£+£+L+L
The probability that Jacob gets at least two matches correct out of five is 120 120 120 120

31 o
= 3L ~0.2583.

The probability that Jacob gets exactly three matches correct out of five, given that he got at least two matches correct out

P(X:3‘X2 2) — P(X=3NnX>2)

of five, is ”

_ P(X=3) _ 15 _ 10

~— P(X>2) % = 37 ~ 0.3226.
Scoring

Part (b) is scored as follows:

Essentially correct (E) if the response satisfies the following two components:

Correctly calculates the probability of three correct matches given at least two correct matches
Shows work consistent with the calculation of a conditional probability

Partially correct (P) if the response satisfies only one of the components.

Incorrect (I) if the response does not meet the criteria for E or P.

Additional Notes:
. 51,)—0 satisfies component 1 and component 2 and is scored E.
P(ANB) . . .
(P(—B)) is not sufficient to satisfy component 2.

» A response that calculates the ratio of two appropriate probabilities may satisfy component 2.

* Communication, including proper notation, should be considered if holistic scoring is required.
Solution
Part (c):

If taking the quiz were to be repeated many, many times, by randomly guessing, we would expect one correct match, on
average.

Scoring

Part (c) is scored as follows:

Essentially correct (E) if the response satisfies the following three components:

Interpretation includes the concept of repeating the process of guessing on quizzes over a long period of time

Interpretation includes the concept of an average or mean
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Interpretation includes the context of correct matches

Partially correct (P) if the response satisfies only two of the three components.
Incorrect (I) if the response does not satisfy the criteria for E or P.

Additional Notes:

* A response that indicates that the value of X = 1 has the greatest probability (i.e., X = 1 is most likely) is
scored L.

* A response that indicates the sum of the probabilities is 1 is scored 1.
Solution
Part (d):
The random variable X does not have a binomial distribution. While each trial has a binomial outcome (correct or

incorrect) and there are a fixed number of trials (5), the probability of success does not remain the same for each trial and
the trials are not independent.

Scoring

Part (d) is scored as follows:

Essentially correct (E) if the response satisfies the following two components:

Identifies that the distribution is not binomial

Indicates the lack of independence between trials or indicates the lack of constant probability for each trial

Partially correct (P) if the response states that X does not have a binomial distribution and justifies with reference to
each trial having more than two outcomes or reference to a non-fixed number of trials.

Incorrect (I) if the response does not satisfy the criteria for E or P.
Additional Notes:

» A response that indicates lack of replacement may satisfy component 2. If the response subsequently links the
lack of replacement to the non-constant probability and lack of independence, this can be considered if holistic
scoring is required.

* Including more than one reason that the distribution is not binomial should be considered if holistic scoring is
required.
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44. 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.

A large airport has parking spaces spread among 4 types of parking lots. The cost to park a car per day differs
from lot to lot depending on the time it takes to get to the airport terminal. The parking lots are described as
follows.

+ Premium parking is less than a 5-minute walk to the airport terminal. Premium parking spaces account
for 15 percent of the total number of airport parking spaces.

* General parking is a 5- to 10-minute walk to the airport terminal. General parking spaces account for
29.5 percent of the total number of airport parking spaces.

+ Economy parking is a 10- to 15-minute walk to the airport terminal. Economy parking spaces account
for 37 percent of the total number of airport parking spaces.

+ Off-site parking uses a shuttle that operates every 15 minutes to transport people from the off-site
parking lot to the airport terminal. Off-site parking spaces account for 18.5 percent of the total number of
airport parking spaces.

Tens of thousands of drivers park in the airport’s parking lots each year. A random sample of 343 drivers who
park in the airport’s parking lots is selected during a given year, and each driver is asked where they would choose
to park if all parking lot options were available to them. Airport officials counted the number of responses for each
type of parking lot, and the results are summarized in the table.

Type of Parking Lot Number of Responses
Premium 63

General 125

Economy 111

Off-site 44

Total 343

Do the data in the table provide convincing statistical evidence that at least one of the proportions of all drivers
who park in the airport’s parking lots who would choose each type of parking lot is different from the proportion
of the total number of airport parking spaces accounted for by that type of parking lot? Complete the appropriate
inference procedure to support your answer using a significance level of & = 0.05.

3-section Inference Scoring
Select a point value to view scoring criteria, solutions, and/or examples and to score the response

» This question is scored in three sections. Each section is initially scored by determining if it meets the criteria for
essentially correct (E), partially correct (P), or incorrect (I). The first section includes statements of the null and
alternative hypotheses and identification of the appropriate hypothesis test. The second section includes verifying
the conditions for the test identified in the first section and calculating the value of the test statistic and the
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corresponding p-value. The third section includes the conclusion for the test identified in the first section. The
response is then categorized based on the scores assigned to each section and awarded an integer score between 0
and 4 (see the table at the end of the question).

» The model solution represents an ideal response to each section of the question, and the scoring criteria identify
the specific components of the model solution that are used to determine the score.

Scoring
Scoring sections 1, 2, and 3 are each scored as essentially correct (E), partially correct (P), or incorrect (I).

Vv

All three sections essentially correct.

Scoring Section 1 essentially correct
Scoring Section 1 partially correct
Scoring Section 1 incorrect

Scoring Section 2 essentially correct
Scoring Section 2 partially correct
Scoring Section 2 incorrect

Scoring Section 3 essentially correct
Scoring Section 3 partially correct
Scoring Section 3 incorrect

Solution

Section 1:

Let g represent the true mean difference (placebo minus omega-3) of irritability scores for all people with this medical
condition.

The null hypothesis is Hy: g = 0 and the alternative hypothesis is H: g > 0.
The appropriate inference procedure is a matched pairs #-test for a mean difference.
Scoring

Section 1 is scored as follows:

Essentially correct (E) if the response satisfies the following four components:
Identifies a paired ¢-test for a population mean difference by name or by formula

States the hypotheses using a single mean (e.g., tiq, 1)
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States the correct equality for the null hypothesis (e.g., Hyo: g = 0) AND states the correct direction for the alternative
hypothesis (e.g., Ha: g > 0)

Provides sufficient context for the parameter, by including reference to the population mean difference AND the sampling
units (people with the medical condition) AND the response variable (irritability score)

Partially correct (P) if the response satisfies three of the four components.

Incorrect (I) if the response does not meet the criteria for E or P.
Additional Notes:

* A response that states the null hypothesis as Hy: g < 0 may satisfy component 3.

* A response that states the name of the procedure as #-test, or one-sample #-test may satisfy component 1.

* To satisfy component 2, the hypotheses must be stated in terms of a mean. If a symbol other than p or X isused
to denote the mean, it must be clearly defined as a mean (but does not need to reflect the context of irritability
score). It is acceptable to use L to denote the mean.

* A response that states the hypotheses in words (e.g., “the null hypothesis is that the mean difference is 0, and the
alternative hypothesis is that the mean difference is greater than 0”) may satisfy components 2 and 3. Neither
context nor the concept of the population is required to satisfy component 2 or 3.

» A response that states the hypotheses in words [e.g., “the null hypothesis is that the mean difference in irritability
score (placebo minus omega-3) for all people with this medical condition is equal to 0 and the alternative

hypothesis is that the mean is greater than 0”’] may satisfy components 2, 3, and 4.

* The elements of component 4 do not have to be satisfied with the statement of the hypotheses. They may be
satisfied by work presented anywhere in the response, most likely by the statement of the conclusion.

* If the statement of the hypotheses refers to population mean and the conclusion refers to sample mean (or vice
versa), then the population aspect of component 4 is not satisfied.

+ Ifthe response clearly refers to the sample mean instead of the population mean using words or a symbol (e.g., T
), then component 4 is not satisfied unless the symbol used is defined as the population mean.

* A response may satisfy the population aspect of component 4 by doing the following:
o referring to population in the statement of the conclusion of the inferential procedure
° using notation such as (4 when defining the hypothesis statements.

* A response may satisfy the sampling units aspect of component 4 by referring to “patients” or “people with this
medical condition” or a similar statement.

+ If the response identifies the correct test by name, but also states an incorrect formula, then component 1 is not
satisfied.

+ If the response identifies the test by formula using a z-percentile instead of a t-percentile, then component 1 is not
satisfied.

Confidence Interval Approach:
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» Ifa one-sample 7-interval for a population mean is identified correctly by name (e.g., “one-mean #-interval” or
“one-sample #-interval” or “z-interval’’) or by formula, then component 1 is satisfied.

+ [faresponse uses a one-sample z-interval for a population mean, then components 2 and 3 are satisfied if the
response indicates that it is a confidence interval for the mean difference in irritability score (placebo minus
omega-3).

Two-Sample Approach:

A response that clearly defines the population difference in means with clearly defined parameters for the means of
placebo and omega-3, AND the sampling units (people with the medical condition or people similar to those in the study)
AND the response variable (irritability score) may earn credit for component 4.

Solution

Section 2:

The independence condition for performing a paired ¢-test for a mean difference is satisfied because the data were
obtained from a randomized experiment where the week in which the patient received the treatment was randomly

assigned.

The sampling distribution of the mean difference must be approximately normal. Although the sample size is less than 30
(n = 19), this is satisfied because the boxplot for the sample differences shows an approximately symmetric distribution
with no outliers.

The value of the test statistic is:

t= T = LT ~ 3.138

Vn V19

Using 18 degrees of freedom, the corresponding p-value is P(t > 3.138) ~ 0.0028.
Scoring

Section 2 is scored as follows:

Essentially correct (E) if the response satisfies the following four components:
Checks the independence condition by referring to the random assignment

Indicates that the distribution of irritability scores for the differences (placebo minus omega-3) is not badly skewed
supports the assumption that the sampling distribution of Z4 is approximately normal

Correctly reports the value of the #-statistic consistent with the named test

Correctly reports the p-value, consistent with the stated alternative hypothesis and reported test statistic
Partially correct (P) if the response satisfies only two or three of the four components.

Incorrect (I) if the response does not meet the criteria for E or P.

Additional Notes:

» Component 1 is not satisfied if the response indicates that the independence condition is met because the sample
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was selected at random from all patients with the medical condition.

» Component 1 is satisfied if the response indicates that the treatment was randomly assigned even if the terms
‘independent’ or ‘independence’ are not used.

» Discussion of degrees of freedom will be treated as extraneous in scoring for Section 2.

+ If the response incorrectly identifies the test as a z-test in section 1, the correct z-statistic of 3.138 satisfies
component 3 and a p-value of 0.00085 satisfies component 4. However, if the test statistic is not reported,
component 3 is not satisfied, but if the correct p-value (consistent with the alternative hypothesis) is reported
then component 4 is satisfied.

« If the response does not identify a z-test in section 1 but reports the test statistic as 2 = 3.138 (instead of ¢) then
component 3 is not satisfied; however, component 4 may still be satisfied if the correct p-value of 0.00085 is
reported with a z-statistic of 3.138.

+ Ifthe response compares the value of the test statistic to a critical value instead of computing a p-value, then a
comparison consistent with the stated alternative hypothesis, satisfies component 4.

» If a two-tailed alternative hypothesis is stated, then the p-value must be consistent with the stated alternative
hypothesis to satisfy component 4.

» A response that reports the correct value for the #-statistic but contains errors in supporting work may still satisfy
component 3.

+ If the response satisfies component 4, any supporting work for the p-value may be treated as extraneous.

+ Ifno test statistic is reported, and the p-value is consistent with the stated alternative hypothesis or equal to
0.0028 component 4 is satisfied.

Confidence Interval Approach:
+ Ifthe stated alternative hypothesis is correct or no alternative hypothesis is provided:

o If either a one-sided 95 percent confidence interval for 4 is correctly calculated as (0.8004, 0o) or a
two-sided 90 percent confidence interval for pi4 is correctly calculated as (0.8004, 2.7776) then
component 3 is satisfied.

o If only the lower end of the confidence interval for g is used to reach a conclusion, then component 4
is satisfied.

+ Ifthe stated alternative hypothesis is incorrect (2-sided or reversed direction), the confidence interval approach
must be consistent with the stated alternative to satisfy components 3 and 4:

° An interval consistent with the stated two-sided alternative will satisfy component 3. A two-sided 95
percent confidence interval for pg is (0.591, 2.987). If the two-sided confidence interval is correctly
interpreted based on whether zero is in the interval, then component 4 is satisfied.

°  An interval consistent with the incorrect reversed alternative will satisfy component 3. If either a two-
sided 90 percent confidence interval for pq is correctly calculated as (0.8004, 2.7776), or a one-sided
95 percent confidence interval for p4 is correctly calculated as (—00, 2.7776), then component 3 is
satisfied. If the two-sided confidence interval is correctly interpreted based on whether zero is in the
interval, then component 4 is satisfied; if only the upper end of the lower one-sided confidence interval
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is used to reach a conclusion, then component 4 is satisfied.

* If the difference calculated is pt4, omega-3 minus placebo, the intervals will be the negative of those provided
above.

Two-Sample Approach:

» A response that indicates that the distribution of irritability scores for each of the two samples, placebo and
omega-3, are not badly skewed may satisfy component 2.

 If the response correctly reports the value of the #-statistic as 2.256, then the response may satisfy component 3.

* Values for the p-value depend on how the degrees of freedom were determined. The following p-values all
assume the correct alternative hypothesis and satisfy component 4:

o The degrees of freedom for £ ~ 2.256 on a two-sample solution computed with the Satterthwaite
approximation used by many calculators is:

52 52
placebo omega—
Splacebo | *omega-3
df "placebo ~ "omega—3
- 2

52 52 2
1 placebo + 1 omega—3
Nplacebo L \ ™placebo Nomega—3~1 \ Momega—3

2

2.987)2 | (1.739)2 \ >
(L5 +400)

1 (a2 \E, 1 [ (wm9)?)’
T9-1 19 AT 19

~~ 28.94,
resulting in a p-value of 0.0159 or a p-value of 0.0318 if a two-sided alternative hypothesis was stated.

o Using t ~ 2.256 and (19 + 19 — 2) = 36 degrees of freedom, the resulting p-value is 0.0151 or a
p-value of 0.0302 if a two-sided alternative hypothesis was stated.

o Using t & 2.256 and (19 — 1) = 18 degrees of freedom, the resulting p-value is 0.0184 or a p-value
0f 0.0368 if a two-sided alternative hypothesis was stated.

If no test statistic is reported, and the p-value is consistent with the stated alternative hypothesis or equal to 0.0159 or
0.0151 or 0.0184, component 4 is satisfied.

Solution

Section 3:

Section 3 is scored as follows:

Because the p-value ~ 0.0028 is less than the significance level, &« = 0.05, the null hypothesis should be rejected. The
data provide convincing statistical evidence that for patients similar to those in the study, the true mean difference

(placebo minus omega-3) in irritability scores for people with this medical condition is greater than zero. This suggests the
omega-3 fatty acids are helpful in reducing irritability scores in people with this medical condition.

Scoring
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Essentially correct (E) if the response satisfies the following two components:

Provides correct comparison of the p-value to alpha (p-value is less than/greater than alpha) AND provides a correct
decision about the null and/or alternative hypothesis

States a conclusion in context, consistent with, and in terms of, the alternative hypothesis using non-deterministic
language

Partially correct (P) if the response satisfies only one of the two components.
Incorrect (I) if the response does not meet the criteria for E or P.
Additional Notes:

* In order to satisfy component 1, the response must clearly identify the number that is compared to alpha as a
p-value.

+ Ifthe response provides an unreasonable p-value (that is clearly identified as the p-value) and correctly compares
it to alpha, component 1 may be satisfied.

» To satisfy the p-value comparison in component 1, the response can compare the value of the test statistic to an
appropriate critical value, e.g., t, = 1.734, and 3.13 > 1.734.

* An explicit decision is not required to satisfy component 1.
» Ifan explicit decision is stated and the conclusion is inconsistent with the decision, component 1 is not satisfied.

» The decision part of component 1 may be satisfied by implying the decision within the conclusion statement
(sufficient evidence/insufficient evidence for the alternative hypothesis).

+ To satisfy the context in component 2, the response must include the population parameter, sampling/
experimental units, and the response variable.

+ Ifthe response omits hypotheses, assume the correct alternative hypothesis is provided when scoring component
2.

* If the response states incorrect hypotheses, component 2 may be satisfied by either stating a conclusion in terms
of the stated alternative hypothesis or by answering the inference question.

» Examples of non-deterministic language in component 2 include “evidence to accept the alternative,” “there is
evidence for the alternative,” “there is not sufficient evidence for the alternative.”
+ Examples of deterministic language in component 2 include “proves the null,” “proves the alternative” “accepts

29 e 9 ¢

the alternative,” “there is not evidence for the alternative,” “no evidence for the alternative.”
 [fthe comparison and decision are consistent with an incorrect p-value (or an incorrect value of the test statistic,

or an incorrect confidence interval), the response may satisfy component 1.

» If components 1 and/or 2 are satisfied and the response provides an incorrect interpretation of the p-value, the
score is lowered from E to P or P to L.

» In section 1, if component 4 is not satisfied only because of the omission of sampling units (patients), in section 3
component 2 may be satisfied by an appropriate conclusion that is only missing sampling units.
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Confidence Interval Approach:

» Component 2 should be scored according to the rubric and component 1 should be scored with regard to a
comparison of zero to the appropriate end of the reported confidence interval.

+ Ifno alternative hypothesis is specified in the response, then assume the correct alternative hypothesis is
provided when scoring component 2.

 Ifan incorrect two-sided alternative hypothesis is specified, then component 2 is satisfied if the justification is
based on whether zero is included in the confidence interval.

* If the response includes an incorrect interpretation of the confidence interval, then the score for Section 3 is
lowered from E to P or from P to L.

Two-Sample Approach

» Components should be scored according to the rubric using the reported p-value, or by comparing the #-statistic
to an appropriate critical value.
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45. 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.

An important economic indicator is the labor participation rate. The labor participation rate is the proportion of the
population of people 16 years and older that are working or actively looking for work. Dr. Ogden, an economist,
believes this proportion for a certain city increased from January 2022 to December 2022. A random sample of
people 16 years and older from that city was taken in January 2022 and an independent random sample of people
16 years and older from that city was taken in December 2022. The sample outcomes are shown in the table.

January 2022 December 2022

Working or actively looking for work 55 35

NOT working or actively looking for work 50 15

(a) Consider the data in the table.
(1) What proportion of people who were sampled in January 2022 were working or actively looking for work?
(ii) What proportion of people who were sampled in December 2022 were working or actively looking for work?

(b) Complete the mosaic plot for these data.

Proportion 0.6+ B Working or actively looking for work
0.4+ [J NOT working or actively looking for work

Month in 2022

Recall that Dr. Ogden believes the true proportion of people 16 years and older from the city that were working or
actively looking for work increased from January 2022 to December 2022. To test this belief, Dr. Ogden will
conduct a two-sample z-test for a difference in population proportions. Assume all conditions for inference have
been met.

(c) Let ps represent the true proportion of people 16 years and older from that city that were working or actively
looking for work in January 2022 and pp represent the true proportion of people 16 years and older from that
city that were working or actively looking for work in December 2022.

(1) What are the appropriate hypotheses for Dr. Ogden’s test?
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(ii) The p-value of this test is p = 0.019. What conclusion should Dr. Ogden make at the « = 0.05 level of
significance?

Part A, Part B, Part C
Select a point value to view scoring criteria, solutions, and/or examples and to score the response
» Each part of the question (indicated by a letter) is initially scored by determining if it meets the criteria for
essentially correct (E), partially correct (P), or incorrect (I). The response is then categorized based on the scores

assigned to each letter part and awarded an integer score between 0 and 4.

» The model solution represents an ideal response to each part of the question, and the scoring criteria identify the
specific components of the model solution that are used to determine the score.

Scoring

Parts (a), (b), and (c) are each scored as essentially correct (E), partially correct (P), or incorrect (I).

All three parts essentially correct.

Part (a) essentially correct
Part (a) partially correct
Part (a) incorrect

Part (b) essentially correct
Part (b) partially correct
Part (b) incorrect

Part (c) essentially correct
Part (c) partially correct

Part (c) incorrect
Solution
Part (a):

(1) In January 2022, the proportion of people sampled who were working or actively looking for work was

55~
55~ 0.5238

(i1) In December 2022, the proportion of people sampled who were working or actively looking for work was

35 _
35+15 0.70

Scoring
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Part (a) is scored as follows:

Essentially correct (E) if the response satisfies the following three components:
Correctly calculates the proportion in (i)

Correctly calculates the proportion in (ii)

Shows work for at least one of the calculations in components 1 or 2

Partially correct (P) if the response satisfies only one or two of the three components.

Incorrect (I) if the response does not meet the criteria for E or P.
Additional Notes:

* A correct response that is expressed as a fraction satisfies component 1, component 2, and component 3.

= 0.3889) or proportions
= 0.2258) do not

* Proportions that are computed using row totals (e.g., 55 +35 = 0.6111 and == 55 +35

that are computed using the grand total (e.g., 55+5¢ 0.3548 and m

0+35+15
satisfy component 1 or component 2.

Solution
Part (b):
|
1.0 +
0o 4
0.8+
0.7+
Proportion IJ.f_r T
0.5 +
0.4+
0.3+
0.2+
0.1 +
0.0 -
Januaw December
Month in 2022
Scoring

Part (b) is scored as follows:
Essentially correct (E) if the response satisfies the following three components:

Provides the correct proportion for January with an approximate height of 0.52 (between 0.5 and 0.6) and December with
an approximate height of 0.7, or consistent with the response from part (a)

Shows the width of the shaded area for January as approximately twice the width of the shaded area for December
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Provides labels that are correct (i.e., the wider shaded area is identified as January and the other as December) and
consistent with the legend

Partially correct (P) if the response satisfies only two of the three components.

Incorrect (I) if the response does not meet the criteria for E or P.
Additional Notes:

+ Ifthe response does not use the entire width of the box provided, then component 2 can be satisfied provided the
width of the bar for January is approximately twice the width of the bar for December.

» If component 2 is not satisfied, then the labels provided should be consistent with the heights provided for each
month in order to satisfy component 3.

* Any graph other than a mosaic plot (or a bar graph) should be scored 1. A bar graph with appropriate heights
(component 1 is satisfied), bars of the same width (component 2 is not satisfied), and appropriate labels
(component 3 is satisfied) should be scored P.

Solution
Part (c):
HO Pp; = Pd
(i) The hypotheses for this test are bi=P
H, : pj < pg

(ii) Because p = 0.019 < a = 0.05, there is convincing statistical evidence that the true proportion of people 16 years
and older from that city that were working or actively looking for work increased from January 2022 to December 2022.

Scoring
Part (c) is scored as follows:
Essentially correct (E) if the response satisfies the following three components:

States the correct equality for the null hypothesis for a difference in population proportions AND the correct direction for
the one-sided alternative hypothesis for a difference in population proportions

Provides a correct comparison of the p-value to alpha (e.g., p-value is less than alpha) AND provides a correct decision
about the null or alternative hypothesis

States a correct conclusion, in context, that is consistent with the direction, and in terms of, the stated alternative
hypothesis OR states a conclusion, in context, that answers the inference question (e.g., states the conclusion in terms of
Dr. Ogden’s belief)
Partially correct (P) if the response satisfies only two of the three components.
Incorrect (I) if the response does not satisfy the criteria for E or P.
Additional Notes:

* A response that correctly states the hypotheses in words (e.g., “the null hypothesis is that the proportions are

equal, and the alternative hypothesis is that the January proportion is smaller than the December proportion™)
satisfies component 1. Neither context nor the explicit reference to true or population is required to satisfy
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component 1.

» A response that refers to the sample in the construction of the null and alternative hypotheses does not satisfy
component 1.

* A response can use a greater than or equal to in the construction of the null hypothesis.

* The use of non-standard notation must be clearly defined to satisfy component 1 (e.g., p2 equals the true
proportion of people 16 years and older from that city that were working or actively looking for work in
December 2022).

* If the response correctly computes the test statistic for a two-sample z-test for a difference between two
population proportions (| z| = 2.08) and correctly compares the test statistic against the rejection region
(|z| > 1.645), then the response satisfies the comparison part of component 2.

« The decision in component 2 can be satisfied by either explicitly stating “reject Hyp” OR implied in the
conclusion from component 3.

* In order to satisfy component 3, the conclusion must be consistent with the decision from component 2. If only a
comparison of the p-value to alpha is provided in component 2, then the conclusion must be consistent with the
comparison of the p-value to alpha. However, if neither a comparison nor a decision is provided in component 2,
then the conclusion must be in context and consistent with the direction and in terms of the stated alternative
hypothesis or states a conclusion, in context, that answers the inference question.

« If the response omits the alternative hypothesis, assume the correct alternative hypothesis, H, : p; < pg, was
provided when scoring component 3.

+ Ifthe conclusion includes a definitive statement (e.g., “this proves that the claim is true...”, or “there is no
evidence...”), then component 3 is not satisfied.

* A response that explicitly refers to the number of people who are working or actively looking for work in the
conclusion instead of the proportion does not satisfy component 3.
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46.

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.

A zoo has 20 young turtles of a certain species. The zookeeper is interested in the relationship between the age in
months and the length in centimeters (cm) of the 20 turtles. A scatterplot and the least-squares regression line
relating age and length of the 20 turtles are shown.

Turtle 4o
Length 404
(cm) 38

30 : : 1 t 1 t i ¢ [ i
15 17 19 21 23 25 27 29 31 33 35

Turtle Age (months)

The least-squares regression equation is predicted length = 18.258 + 0.861(age), and r?2 = 0.701.

(a) Calculate and interpret the correlation coefficient, 7, between turtle age and length.

(b) There are 2 turtles that are 28 months old. One is female and one is male. The female turtle has a residual of
—2.27 cm, and the male turtle has a residual of 3.13 cm.

(i) On the scatterplot, circle the point that corresponds to the 28-month-old female turtle.
(ii) Interpret the residual for the 28-month-old male turtle in context.

The 20 turtles make up the zoo’s population for this species of turtle. There are 8 male turtles and 12 female
turtles. The zookeeper wants to determine the strength of the relationship between sex of the turtle and length of
the turtle. To do this, the zookeeper will use the point-biserial correlation. The point-biserial correlation is a
measure of the strength of the relationship between a quantitative variable (e.g., length of the turtle) and a
categorical variable with two categories (e.g., sex of the turtle). The value of the point-biserial correlation is
between —1 and 1, and like the correlation coefficient, values closer to —1 or 1 indicate a stronger correlation
between the two variables. A formula for the point-biserial correlation is

(m1—my)+/p(1-p)

Tpb = SD :

In this context, 717 = the mean length of the male turtles, M9 = the mean length of the female turtles, p = the
proportion of the 20 turtles that are male, 1 — p = the proportion of the 20 turtles that are female, and
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S D = the standard deviation of the lengths of the 20 turtles.

Numerical summaries for the 20 turtle lengths are given in the following table.

Male |Female
Mean length (cm) 4278 | 35.88
Number of turtles 8 12
Standard deviation of length of the 20 turtles (cm) 4.79

(c) Consider the strength of the relationship between sex and length.

(i) Calculate the point-biserial correlation, 7pp, between length and sex of these 20 turtles.

Scoring Guide

(ii) The zoo also has a population of 40 tortoises, of which 16 are male and 24 are female. The lengths of male
and female tortoises tend to be more similar than the lengths of male and female turtles, but the overall variability
in the lengths of tortoises is similar to that of the turtles. Based on the point-biserial correlations, would the
strength of the relationship between length and sex for the tortoises be weaker or stronger than that of the turtles?
Justify your answer.

Consider the original scatterplot of length versus age with the points identified by the sex of the turtle and
summaries of the relationship between sex and age of the 20 turtles.

50+
48
464

444
Turtle 424
Length 404
. 38+
(cm)

364

344

32+

1

I

15 17 19 21 23 25 27 29 31 33 35
Turtle Age (months)

o Male e Female

Turtle
Age
(months)

30+

25+

20+

1

Female Male
Sex of Turtles
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Male Female
Mean age (months) 27 22
Number of turtles 8 12
Standard deviation of age of the 20 turtles (months) 4.86
Point-biserial correlation between sex and age 0.50

(d) Is age a confounding variable in the relationship between length and sex of the 20 turtles? Justify your answer
based on the analysis conducted and the information provided.

Part A, Part B, Part C, and Part D
Select a point value to view scoring criteria, solutions, and/or examples and to score the response
» Each part of the question (indicated by a letter) is initially scored by determining if it meets the criteria for
essentially correct (E), partially correct (P), or incorrect (I). The response is then categorized based on the scores

assigned to each letter part and awarded an integer score between 0 and 4.

» The model solution represents an ideal response to each part of the question and the scoring criteria identify the
specific components of the model solution that are used to determine the score.

Scoring
Parts (a), (b), (c), and (d) are each scored as essentially correct (E), partially correct (P), or incorrect (I).

v

Parts (a) through (d) sum to 4 points

OR
Parts (a) through (d) sum to 31/> points AND a holistic approach is used to decide to score up

Part (a) essentially correct
Part (a) partially correct
Part (a) incorrect

Part (b) essentially correct
Part (b) partially correct
Part (b) incorrect

Part (c) essentially correct

Part (c) partially correct
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Part (c) incorrect
Part (d) essentially correct
Part (d) partially correct
Part (d) incorrect

Solution

Part (a):

The slope is positive which means that the correlation coefficient is also positive. Therefore, the correlation coefficient is
r = +/0.701 ~ 0.837 value indicates a strong, positive association between young turtle age and length.

Scoring

Part (a) is scored as follows:

Essentially correct (E) if the response satisfies the following four components:
Correctly calculates the 7 value

Describes the strength of the association (moderately strong or strong)

Describes the direction of the association (positive)

Includes context (association between young turtle age and length)

Partially correct (P) if the response satisfies only two or three of the four components.

Incorrect (I) if the response does not meet the criteria for E or P.
Additional Notes:

» A response that shows only correct work or only the correct value 0.837 satisfies component 1.
» If correct work is shown for component 1, an incorrect value between 0 and 1 satisfies component 1.

» Ifan incorrect correlation coefficient is calculated in component 1, components 2 and/or 3 may be satisfied with
an interpretation consistent with the incorrect value.

» To satisfy component 4, it is minimally sufficient for the response to refer to the relationship between age and
length without explicitly mentioning turtles.

Solution
Part (b):

(i)The female turtle has a negative residual, indicating the least-squares regression equation is over-predicting her length.
The point corresponding to the 28-month-old female turtle is below the least-squares line.
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50

48

46

44

Turtle 42
Length 40
(cm) 38-

36

344

32

30

4

15 17 19 21 23 25 27 29 31 33 35

Turtle Age (months)

(i1)The male turtle has a positive residual, indicating the least-squares regression equation is under-predicting his length
by 3.13 cm.

Scoring

Part (b) is scored as follows:

Essentially correct (E) if the response satisfies the following three components
Correctly identifies the female turtle as the point (28, 40)

Correctly interprets the residual

Includes context by referring to length

Partially correct (P) if the response satisfies only two of the three components.

Incorrect (I) if the response does not meet the criteria for E or P.
Additional Notes:

+ Component 2 may be satisfied by a response that does not directly mention the value 3.13.

+ Component 2 is not satisfied by a statement like “the difference between the observed and predicted length is
3.13 cm" because it is not clear that the observed length is greater than the predicted length or that the predicted
length is less than the observed length or that length has been under-predicted.

« Component 2 is not satisfied by only a calculation (e.g., “actual — predicted = 3.13 cm”).

» Component 2 is not satisfied if a student correctly interprets the residual but indicates that the turtle is female.
However, component 3 may still be satisfied if the response refers to the length of the turtle.

* To satisfy component 3, units are not required.
» Component 3 is not satisfied if the residual is labeled with units of age (e.g., months or years).

Solution
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Part (¢):
(42.78-35.88)/ & (1- %)

(iii) The point-biserial coefficient is "rb = 479
~ 0.7057.

(iv) Because the values of p and the standard deviation are the same for tortoises and turtles and the lengths of the male
tortoises tend to be more similar to the lengths of female tortoises, the point-biserial correlation will be smaller because
the numerator in the calculation is smaller. This would indicate the strength of the relationship between sex and length for
the tortoises would be weaker than that of the turtles.

Scoring

Part (c) is scored as follows:

Essentially correct (E) if the response satisfies the following three components:
Correctly calculates 7y

Identifies that the tortoises would have a weaker relationship than the turtles
Justifies the relationship by referencing a smaller point-biserial correlation value
Partially correct (P) if the response satisfies only two of the three components.
Incorrect (I) if the response does not satisfy the criteria for E or P.

Additional Notes:

» A response that shows only values correctly substituted into the formula or only the correct value 0.7057 satisfies
component 1.

» If correct work is shown for component 1, an incorrect value between 0 and 1 satisfies component 1.
» To satisfy component 3, a response may refer to any of the following:

° the numerator will be smaller

° the difference in mean lengths will be smaller

o the value of the point-biserial correlation will be smaller

» A response that indicates “stronger” cannot satisfy component 2 but may satisfy component 3 by stating that the
point-biserial correlation will be larger (which is consistent with a stronger association).

Solution
Part (d):
Yes, age appears to be a confounding variable in the association between the length and sex of the turtles.

Based on the point-biserial correlation calculated in part (c-1), there is a moderately strong, positive association between
the length and sex of the turtles.
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Based on the original scatterplot, there appears to be a fairly strong, positive association between the age and length of the
turtles.

The boxplots and summary statistics indicate a moderately strong association between the age and sex of the turtles. The
boxplots show the median for male ages is higher (older) than about 75% of the females and the point-biserial correlation
between sex and age is 0.50.

In this case, age would be a confounding variable because age is associated with the sex of the turtles and influences the

length of the turtles. Therefore, it can’t be determined if the differences in the lengths of the turtles are due to their age or
their sex, or a combination of both.

Scoring

Part (d) is scored as follows:

Essentially correct (E) if the response satisfies the following five components:

States that age appears to be a confounding variable in the association between the length and sex of the turtles
Indicates that there is an association between the length and sex of the turtles

Indicates that there is an association between the age and length of the turtles

Indicates that there is an association between the age and sex of the turtles

Justifies at least one of the associations from components 2-4 by referring to the appropriate graph or summary statistics
(e.g., “based on the scatterplot,” or “in part (¢)”)

Partially correct (P) if the explanation satisfies only four of the five components

OR

if the response satisfies component 5 and two other components

OR

if the response satisfies components 2, 3, and 4

OR

if the response gives a generic definition of confounding in the context of sex, age, and length.
Incorrect (I) if the response does not satisfy the criteria for E or P.

Additional Notes:

* An example of a generic definition of confounding would include statements such as, “There is confounding
because you can’t tell if it is age or sex that changes turtle length.”
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