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Exam Content and Format

The 2002 AP Statistics Exam contained questions from all
four major content areas — Exploring Dara, Planning a
Study, Probability, and Statistical Inference — in both the
40-question multiple-choice section and the 6-question
free-response section. Each part contributed 50 percent to

the total exam score.

"The six free-response questions covered the content
areas of dara exploration, sampling and experimental
design, probability, statistical inference, and fitting
models to data. The first five were short-answer ques-
tions; the sixch was a longer investigative task worth
25 percent of the maximum possible score for the
free-response section.

Question 1: The purpose of question 1 was to assess
the student’s ability to interpret a graphical display and
to reason using interval estimates. To receive full credit
for this question, the student needed to comment on
the increasing precision of the estimates over time and

to use the intervals in the graphical display to discuss
the degree of support provided for each of the two
competing theories. Good communication was particu-
larly important on this question.

Question 2: The purpose of question 2 was to assess
understanding of some basic principles of experimental
design, including pairing/blocking, randomization, and
blinding. A response describing a matched-pairs design
with appropriate randomization and a correct discussion
of double blinding received full credit for this question.

Question 3: The purpose of question 3 was to
evaluate the student’s ability to compute probabilities
based on the normal distriburion and to evaluate the
student’s knowledge of properties of the distribution of
a sum of independent random variables. To receive full
credit for this question, the student was required to
compute and interpret a probability, correctly deter-
mine the mean and standard deviation of a sum of
independent random variables, and then use the
computed mean and standard deviation to correctly
compute a second probability.

Question 4: The purpose of question 4 was to
determine if the student could read standard staristics
computer output and to assess understanding of
cortelation and influential points in a regression
analysis, To receive full credit for this question, the
response had to include the correct equation for the
least squares regression line, a correct interpretation of
the correlation coefficient, and a discussion of whether
it was reasonable to use the given line over a restricted
range of airplane sizes.

Question 5: The purpose of question 5 was to
evaluate whether the student could carry out a test of
hypotheses and state conclusions in context. To receive
full credit for this question, the student needed to
identify two distinct pairs of hypotheses in part (a) and
then in part (b) to identify an appropriate test proce-
dure, check (not just state} any necessary conditions for
the test, and then, based on the result of the test, give
an appropriate conclusion in context.

[ 7 ]




STATISTICS
SECTION1
Time—1 hour and 30 minvtes
Number of questions—40
Percent of total grade—350

Directions: Solve each of the following problems, using the available space for scratchwork. Decide which is the
best of the choices given and fill in the corresponding oval on the answer sheet. No credit will be given for anything
written in the test book. Do not spend too much time on any one problem.

1. Which of the following is a key distinction between well designed experiments and observational studies?

(A) More subjects are available for experiments than for observational studies.

(B) Ethical constraints prevent large-scale observational studies.

(C) Experiments are less costly to conduct than observational studies.

(D) An experiment can show a direct cause-and-effect relationship, whereas an observational study cannot.
(E} Tests of significance cannot be used on data collected from an observational study.

2. A manufacturer of balloons claims that p, the proportion of its balloons that burst when inflated to a diarneter
of up to 12 inches, is no more than 0.05. Some customers have complained that the balloons are bursting more
frequently, If the customers want to conduct an experiment to test the manufacturer’s claim, which of the
following hypotheses would be appropriate?

(A) Hy: p# 005, H,: p=005
(B) Hy: p = 005 H,: p> 005
(C) Hy: p=005H,: p =005
(D) Hy: p = 005, H,: p <005
(E) Hy: p <005 H,: p=005
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3. Lauren is enrolled in a very large college calculus class. On the first exam, the class mean was 75 and the
standard deviation was 10. On the second exam, the class mean was 70 and the standard deviation was 135.
Lauren scored 85 on both exams. Assuming the scores on each exam were approximately normally distributed,
on which exam did Lauren score better relative to the rest of the class?

(A) She scored much better on the first exam.

(B) She scored much better on the second exam.

(C) She scored about equally well on both exams.

(D) It is impossible to tell because the class size is not given. -

(E) It is impossible to tell because the correlation between the two sets of exam scores is not given.

4. Suppose that 30 percent of the subscribers to a cable television service watch the shopping channel at least
once a week. You are to design a simulation to estimate the probability that none of five randomly selected
subscribers watches the shopping channel at least once a week. Which of the following assignments of the digits
0 through 9 would be appropriate for modeling an individual subscriber’s behavior in this simulation?

(A) Assign “0, 1,2” as watching the shopping channe] at least once a week and “3, 4, 5, 6,7, 8, and 9” as not
watching,

(B) Assign“0,1,2,3"as watchmg the shopping channel at least once a week and “4, 5, 6, 7, 8, and 9” as not
watching.

(C) Assign “1,2, 3,4, 5" as waiching the shopping channel at least once a week and “6, 7, 8, 9, and 0” as not
watching.

(D) Ass:gn “0” as watching the shopping channel at least once a week and “1, 2 3, 4, and 5” as not watching;
ignore digits “6, 7, 8, and 9.”

(E) Assign “3” as watching the shopping cbannel at least once a week and *0, 1,2, 4,5, 6,7, 8, and 9 as not
watching,
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5. The number of sweatshirts a vendor sells daily has the following probability distribution.

Number of Sweatshirts x 0 1 2 3 4 5
P(x) 0.3 0.2 0.3 0.1 0.08 | 0.02

If each sweatshirt sells for $25, what is the expected daily total dolar amount taken in by the vendor from the
sale of sweatshirts?

(A) $5.00
B) $7.60
(C) $35.50
D) $38.00
(E) $75.00

6. The correlation between two scores X and Y equals 0.8. If both the X scores and the Y scores are converted to
z-scores, then the correlation between the z-scores for X and the z-scores for ¥ would be

(A) ~0.8
B) -02
(C) 00
D) 02
(F) 08
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7. Suppose that the distribution of a set of scores has a mean of 47 and a standard deviation of 14. If 4 is added to
each score, what will be the mean and the standard deviation of the distribution of new scores?

Mean Standard Deviation
(A) 51 14
By 51 18
< 47 14
Dy 47 16
By 47 18

A test engineer wants to estimate the mean gas mileage ¢ (in miles per gallon) for a particular model of

automobile. Eleven of these cars are subjected to a road test, and the gas mileage is computed for each car.

A dotplot of the 11 gas-mileage values is roughly symmetrical and has no outliers. The mean and standard
deviation of these values are 25.5 and 3.01, respectively. Assuming that these 11 automobiles can be con-
sidered a simple random sample of cars of this model, which of the following is a correct statement?

{A) A 95% confidence interval for p is 25.5 £ 2.228 x

(B) A 95% confidence interval for pis25.5:+% 2201 x

(C) A 95% confidence interval for p is 25.5 + 2.228 x

(D) A 95% confidence interval for p is 25.5 & 2.201 x

3.01

Nk

301

Wi

3.01

5

3.01

V10~

{E) The results cannot be trusted; the sample is too small.
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9.

A volunteer for a mayoral candidate’s campaign periodically conducts polls to estimate the proportion of people
in the city who are planning to vote for this candidate in the upcoming election. Two weeks before the election,
the volunteer plans to double the sample size in the polls. The main purpose of this is to

(A) reduce nonresponse bias

(B) reduce the effects of confounding variables

(C) reduce bias due to the interviewer effect

(D) decrease the variability in the population

(E) decrease the standard deviation of the sampling distribution of the sample proportion

10.

The lengths of individual shellfish in a population of 10,000 shellfish are approximately normally distributed
with mean 10 centimeters and standard deviation 0.2 centimeter. Which of the following is the shortest interval
that contains approximately 4,000 shellfish lengths?

(A) 0 cmt09.949 cm

(B) 9.744 cinto 10 cm

(C) 9.744 cm to 10.256 cm |
(D) 9.895 cm to 10.105 cm
(E) 9.9280 c¢m to 10.080 cm
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11. The following two-way table resulted from classifying each individual in a random sample of residents of a
small city according to level of education (with categories “earned at least a high school diploma” and “did not
earn a high school diploma”™) and employment status (with categories “employed full time” and “not employed
full time™). '

Employed full | Not employed
time full t?mg Total
FEarned at least a high 52 40 92
school diploma ”
Did not earn a high 30 35 65
school diploma
Total 82 73 157

If the null hypothesis of no association between level of education and employment status is true, which of the
following expressions gives the expected number who earned at least a high school diploma and who are
employed full time?

92-52
A ~157

9282
® =337
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12.

The manager of a factory wans to compare the mean number of units assembled per employee in a week for two
new assembly techniques. Two hundred employees from the factory are randomly selected and each is randomly
assigned to one of the two techniques. After teaching 100 employees one technique and 100 employees the other
technique, the manager records the number of units each of the employees assembles in one week. Which of the
following would be the most appropriate inferential statistical test in this situation?

(A) One-sample z-test

(B) Two-sample r-test

{C) Paired ¢-test

(D) Chi-square goodness~of—ﬁt test
() One-sample t-test

13.

A random sample has been taken from a population. A statistician, using this sample, needs to decide whether to
construct a 90 percent confidence interval for the population mean OF 2 95 percent confidence interval for the
population mean. How will these intervals differ?

{A) The 90 percent confidence interval will not be as wide as the 95 percent confidence interval.
(B) The 90 percent confidence interval will be wider than the 95 percent confidence interval.
(C) Which interval is wider will depend on how large the sample is.

(D) Which interval is wider will depend on whether the sample is unbiased.

(E) Which interval is wider will depend on whether 2 z-statistic or a t-statistic is used.
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Dataset]

Data set II

} 1
N T

20 30 35 45 50 60

14. The boxplots shown above summarize two data sets, I and II. Based on the boxplots, which of the following
statements about these two data sets CANNOT be justified?

(A) The range of data set Iis equal to the range of data set II.

(B) The interquartile range of data set I is equal to the interquartile range of data set IL.

(C) The median of data set T is less than the median of data set IL.

(D) Data set I and data set II have the same number of data points.

(E) About 75% of the values in data set Il are greater than or equal to about 50% of the values in data set L.

Zed copying or reuse

rt of this pBge is ifiegal. GO ONTO THE NEXT ?AﬁE




15. A high school statistics class wants 10 conduct a survey to determine what percentage of students in the school
would be willing to pay a fee for participating in after-school activities. Twenty students are randomly selected
from each of the freshman, sophomore, junior, and senior classes to complete the survey. This plan is an
example of which type of sampling?

(A) Cluster

(B) Convenience
(C) Simple random
(D) Stratified random
(E) Systematic

16. Jason wants to determine how age and gender are related to political party preference in his town. Voter regis-
tration lists are stratified by gender and age-group. Jason selects a simple random sample of 50 men from the
20 to 29 age-group and records their age, gender, and party registration (Democratic, Republican, neither). He
also selects an independent simple random sample of 60 women from the 40 to 49 age-group and records the
same information. Of the following, which is the most important observation about § ason’s plan?

(A) The plan is well conceived and should serve the intended purpose.

(B) His samples are to0 small.

(C) He should have used equal sample sizes.

(D) He should have randomly selected the two age groups instead of choosing them nonrandomly. ;

(BE) He will be unable to tell whether a difference in party affiliation is related to differences in age or to the ;
difference in gender.

Unauthorized copying of reuse

of any part of this page is illegal. , GO ONTO THE NEXT PAGE

30




i L e % L

17. A least squares regression line was fitted to the weights (in pounds) versus age (m months) of a group of many

 young children. The equation of the line is
¥ = 16.6 + 0.65¢,

where ¥ is the predicted weight and ¢ is the age of the child. A 20-month-old child in this group has an actual
weight of 25 pounds. Which of the following is the residual weight, in pounds, for this child?

(A) ~7.85

(B) —4.60
(C) 4.60
(D) 5.00
(E) 17.85
18. Which of the following statements is (are) true about the r-distribution with k degrees of freedom?

L. The tdistribution is symmetric.
II. The t-distribution with k degrees of freedom has a smaller variance than the #-distribution with £ + 1
degrees of freedom.
1. The r-distribution has a larger variance than the standard normal (z) distribution.

(A) Ionly
(B) H only
(C) III only
(D) Iand IO
(E) Iand I
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19.

20.

Green Eyes Blue Byes

15

Brown Eyes

A geneticist hypothesizes that half of a given population will have brown eyes and the remaining half will be
split evenly between bhue- and green-eyed people. In a random sample of 60 people from this population, the

individuals are distributed as shown in the table above. What is the value of the ;{2 statistic for the goodness
of fit test on these data? :

(A) Tess than 1

(B) Atleast 1, but less than 10
(C) Atleast 10, but less than 20
(D) At least 20, but less than 50
(E) Atleast 50

A small town employs 34 salaried, nonunion employees. Each employee receives an anmual salary increase of
between $500 and $2,000 based on a performance review by the mayor's staff. Some employees are members
of the mayor’s political party, and the rest are not.

Students at the local high school form two lists, A and B, one for the raises granted to employees who are in the
mayor's party, and the other for raises granted to employees who are not. They want 10 display a graph

(or graphs) of the salary increases in the student newspaper that readers can use to judge whether the two
groups of employees have been treated in a reasonably equitable manner.

‘Which of the following displays is least likely to be useful to readers for this purpose?
(A) Back-to-back stemplots of A and B

(B) Scatterplot of B versus A

(C) Paraliel boxplots of Aand B

(D) Histograms of A and B that are drawn {0 the same scale

(E) Dotplots of A and B that are drawn t0 the same scale
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21. In a study of the performance of a computer printer, the size (in kilobytes) and the printing time (in seconds) for
each of 22 small text files were recorded. A regression line was a satisfactory description of the relatxonstup
between size and printing time. The results of the regression analysis are shown below.

Dependent variable: Printing Time
Source Sum of Squares df
Regression §3.3315 i
Residual - 7.62381 20
Variable Coeflicient s.e. of Coeff
Constant 11.6559 0.3153
Size 3.47812 0.294
R squared = 87.5% R squared (adjusted) = 86.9%
s = 0.6174 with 22 — 2 = 20 degrees of freedom

Mean Square F-ratio
53.3315 140
0.38115
t-ratio prob
37 < 0.0001
11.8 £ 00061

Which of the following should be used to compute a 95 percent confidence interval for the slope of the

regression line?

{A) 347812 £ 2.086 x 0.294
(B) 3.47812 % 1.96 x 0.6174
(C) 347812 + 1.725 x 0.294
(D) 11.6559 £ 2.086 x 0.3153
(E) 11.6559 £ 1.725 % 0.3153
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27 A study of existing records of 27,000 automobile accidents involving children in Michigan found that about
10 percent of children who were wearing a seatbelt {group SB) were injuted and that about 15 percent of
children who were not wearing a seatbelt (group NSB) were injured. Which of the following statements

should NOT be included in a sumimary report about this study?

(A) Driver hehavior may be a potential confounding factor.

(B) The child’s location in the car may be a potential confounding factor.

(C) This study was not an experiment, and cause-and-effect inferences are not warranted.
(D) This study demonstrates clearly that seat belts save children from injury.

(E) Concluding that seatbelts save children from injury is risky, at least until the study is independently
replicated.

3. Which of the following Statements is true for two events, each with probability greater than 0 7
(A) If the events are mutually exclusive, they must be independent.
(B) If the events are independent, they must be mutually exclusive.
(C) If the events are not mutually exclusive, they must be independent.
(D) If the events are not independent, they must be mutually exclusive.
(E) If the events ar® mutually exclusive, they cannot be independent.
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24. A consulting statistician reported the results from a learning experiment to a psychologist. The report stated that

on one particular phase of the experiment a statistical test result yielded a p-value of 0.24. Based on this p-value,
which of the following conclusions should the psychologist make? '

(A) The test was statistically significant because a p-value of 0.24 is greater than a significance level of 0.05.

(B) The test was statistically significant because p = 1 -~ 0.24 = 0.76 and this is greater than a significance
level of 0.05.

(C) The test was not statistically significant because 2 times 0.24 = 0.48 and that is less than 0.5.

(D) The test was not statistically significant because, if the null hypothesis is true, one could expect to get a test
statistic at least as extreme as that observed 24% of the time. '

(B) The test was not statistically significant because, if the null hypothesis is true, one could expect to get a test
statistic at least as extreme as that observed 76% of the time.

25.

A new medication has been developed to treat sleep-onset insommia (difficulty in falling asleep). Researchers
want to compare this drug to a drug that has been used in the past by comparing the length of time it takes
subjects to fall asleep. Of the following, which is the best method for obtaining this information?

(A) Have subjects choose which drug they are willing to use, then compare the resuits.

(B) Assign the two drugs to the subjects on the basis of their past sleep history without randormization, then
compare the results.

(C) Give the new drug to all subjects on the first night. Give the old drug to all subjects on the second night.
Compare the results.

(D) Randomly assign the subjects to two groups, giving the new drug to one group and no drug to the other
group, then compare the resuits.

(E) Randomly assign the subjects to two groups, giving the new drug to one group and the old drug to the
other group, then compare the results.
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26. A quality contro} inspector must verify whether a machine that packages snack foods is working correctly. The
inspector will randomly select a sample of packages and weigh the amount of snack food in each. Assume that
the weights of food in packages filled by this machine have a standard deviation of 0.30 ounce. An estimate of
the mean amount of snack food in each package must be reported with 99.6 percent confidence and a margin of
error of no more than 0.12 ounce. What would be the minimum sample size for the number of packages the

inspector must select?
(A) 8
(B) 15
(€) 25
(D) 52
(E) 60
AP STATISTICS
TEST SCORES
0
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27. The figure above shows a curnulative relative frequency histogram of 40 scores on a test given in an AP Statis-
tics class. Which of the following conclusions can be made from the graph?
(A) There is greater variability in the lower 20 test scores than in the higher 20 test scores.
(B) The median test score is less than 50.
(C) Sixty percent of the students had test scores above 80.
(D) If the passing scoTe is 70, most students did not pass the test.

(E) The horizontal nature of the graph for test scares of 60 and below indicates that those scores occurred most
frequently.

Unauthorized copying of reuse

of any part of this page is iltegal. _ GO ONTO THE{NE){T PAGE

(s

L




28. Two measures x and y were taken on 18 subjects. The first of two regressmns Regression I, yielded
= 24.5 + 16.1x and had the following residual plot.
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The second regression, Regression II, yielded log(y) = L6 + 0.51 log(x) and had the following residual plot.
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Which of the following conclusions is best supported by the evidence above?
(A) There is a linear relationship between x and y, and Regression I yields a better fit.
(B) There is a linear relationship between x and y, and Regression II yields a better fit.
(C) There is a negative correlation between x and y.
(D) There is a nonlinear relationship between x and y, and Regression I yields a better fit.

(E) There is a nonlinear relationship between x and y, and Regression Il yields a better fit.
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29. The analysis of a random sample of 500 households in a suburb of a large city indicates that a 98 percent confi-
dence interval for the mean family income is ($41,300, $58,630). Could this information be used to conduct a
test of the null hypothesis Ho: £ = 40,000 against the alternative hypothesis H,: g » 40,000 atthe o = 0.02
level of significance?

(A) No, because the value of ¢ is not known.
(B) No, because it is not known whether the data are normally distributed.
(C) No, because the entire data set is needed to do this test.

(D) Yes, since $40,000 is not contained in the 98 percent confidence interval, the null hypothesis would be
rejected in favor of the alternative, and it could be concluded that the mean family income is significantly
different from $40,000 at the & = 0.02 level.

(E) Yes, since $40,000 is not contained in the 98 percent confidence interval, the null hypothesis would not be
rejected, and it could be concluded that the mean family income is not significantly different from $40,000
at the a = 0.02 level.

30. The population {2, 3, 5, 7} has mean 4 = 425 and standard deviation o = 1.92. When sampling with
replacement, there are 16 different possible ordered samples of size 2 that can be selected from this population.
The mean of each of these 16 samples is computed, For example, 1 of the 16 samples is (2, 5), which has a mean
of 3.5. The distribution of the 16 sample means has its own mean [z and its own standard deviation o'z. Which

of the following statements is true?

(A) pz =425 and 0z = 192
(B) uz =425and o5 > 192
(C) pz = 425and 0z <192
D) px > 425
(E) pz <425
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31. A wildlife biologist is interested in the relationship between the number of chirps per minute for crickets (y) and

temperature. Based on the collected data, the least squares regression line is $ = 10.53 + 3.41x, where x is the
number of degrees Fahrenheit by which the temperature exceeds 50°. Which of the following best describes the
meaning of the slope of the least squares regression line? '

(A) For each increase in temperature of 1° F, the estimated number of chirps per minute increases by 10.53.
(B) For each increase in temperature of 1° F, the estimated number of chirps per minute increases by 3.41.
(C) For each increase of one chirp per minute, there is an estimated increase in temperature of 10.53° F.
(D) For each increase of one chirp per minute, there is an estimated increase in temperature of 3.41° F.

(E) The slope has no meaning because the units of measure for x and y are not the same.

32. In a carnival game, a person can win a prize by guessing which one of 5 identical boxes contains the prize. After

each guess, if the prize has been won, a new prize is randomly placed in one of the 5 boxes. If the prize has not
been won, then the prize is again randomly placed in one of the 5 boxes. If a person makes 4 guesses, what is the
probability that the person wins a prize exactly 2 times?

2!
(A 3y

(0.2)

@) (0.8)?

(©) 2(02)(08)

(D) (0.2)* (0.8)°

®) [:)(0.2)2 (0.8)*
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33. An engineer for the Allied Steel Company has the responsibility of estimating the mean carbon content of 2
particular day’s steel output, using a random sample of 15 rods from that day’s output. The actual population
distrbution of carbon content is not known to be normal, but graphic displays of the engineer’s sample results
indicate that the asswmption of normality is not unreasonable. The process is newly developed, and there are no
historical data on the variability of the process. In estimating this day’s mean carbon content, the primary reason
the engineer should use 2 ¢-confidence interval rather than a z-confidence interval is because the engineer

(A) is estimating the population mean using the sarple mean

(B) is using the sample variance as an estimate of the population variance
(C) is using data, rather than theory, to judge that the carbon content is normal
(D) is using data from a specific day only

(E) has a small sample, and a z-confidence interval should never be used with a small sample

34. Bach of 100 laboratory rats has available both plain water and a mixture of water and caffeine in their cages.
After 24 hours, two measures were recorded for each rat: the amount of caffeine the rat consumed, X, and the
rat’s blood pressure, Y. The correlation between X and ¥ was 0.428. Which of the following conclusions is
justified on the basis of this study?

(A) The correlation between X and ¥ in the population of rats is also 0.428.

(B) Tf the rats stop drinking the water/caffeine mixture, this would cause a reduction in their blood pressure.

(C) About 18 percent of the variation in blood pressure can be explained by a linear relationship between blood
pressure and caffeine consumed.

(D) Rats with lower blood pressure do not like the water/caffeine mixture as much as do rats with higher blood
pressure.

() Since the correlation is not very high, the relationship between the amount of caffeine consumed and blood

pressure is not linear.

35. Tn a test of the hypothesis Hg: £ = 100 versus H,: > 100, the power of the test when 4 = 101 would be
greatest for which of the following choices of sample size n and significance level @ ?

(A) n =10, o = 005
(B) n =10, & = 001
(©) n=20,a=005
(D) n=120,a =001

(B) It cannot be determined from the information given.
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36.

An um contains exactly three balls numbered 1, 2, and 3, respectively. Random samples of two balls are
drawn from the umn with replacement. The average, X = —X—l—-—;—& , where X,"and X, are the numbers

on the selected balls, is recorded after each drawing. Which of the following describes the sampling

distribution of X ?

*) X i 15| 2 [ 25} 3
- 1 1 1 1 1
Probability z 3 5 3 z
®) X i 1.5 2 2.5 3
Probability “51-5 %— % :9% %

©) X 1 1.5 2 2.5
Probability 0 0 1 0 0
o) ¥ 1 |15 2 |25 3
obability ' 15 | 10 | 5 | 10 | 10

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

- 3.

A simple random sample produces a sample mean, X, of 15. A 95 percent confidence interval for
the corresponding population mean is 15 * 3. Which of the following statements must be true?

(A) Ninety-five percent of the population measurements fall between 12 and 18.

(B) Ninety-five percent of the sample measurements fall between 12 and 18.

(C) If 100 samples were taken, 95 of the sample means would fall between 12 and 18.
D) P12 <x<18) =095

(E) If u = 19, this X of 15 would be unlikely to occur.
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38. Suppose that public opinion in 2 large city is 65 percent in favor of increasing taxes to support the public school
system and 35 percent against such an increase. If a random sample of 500 people from this city are interviewed,
what is the approximate probability that more than 200 of these people will be against increasing taxes?

(A) (Zgg)(o.ﬁs)m (0.35)°%

®B) Ggg)(o.ss)m (0.65)°%®

0.40 — 0.65

1>
(0.65)(0.35)
V500

0.40 ~ 0.35

T D e
(0.4)(0.5)
\ \‘ 500

g

(9

/

Dy P

0.40 — 0.35

®) Plz> (035065
L 500
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39.

As lab partners, Sally and Betty collected data for a significance test. Both calculated the same z-test statistic,
but Sally found the results were significant at the & = 0.05 level while Betty found that the results were not.
When checking their results, the women found that the only difference in their work was that-Sally had used a
two-sided test, while Betty used a one-sided test. Which of the following could have been their test statistic?

(A) —1.980

(B) -16%0
(C) 1340
(D) 1.690
(E) 1.780
40. A student working on a history project decided to find a 95 percent conﬁdence interval for the difference in

mean age at the time of election to office for former American Presidents versus former British Prime Ministers.
The student found the ages at the time of election to office for the members of both groups, which included all of
the American Presidents and all of the British Prime Ministers, and used a calculator to find the 95 percent
confidence interval based on the ¢-distribution. This procedure is not appropriate in this context because

(A) the sample sizes for the two groups are not equal

(B) the entire population was measured in both cases, so the actual difference in means can be computed and a
confidence interval should not be used

(C) elections to office take place at different intervals in the two countries, so the distribution of ages cannot be
the same

(D) ages at the time of election to office are likely to be skewed rather than bell-shaped, so the assumptions for
using this confidence interval formula are not valid

(E) ages at the time of election to office are likely to have a few large outliers, so the assumptions for using this
confidence interval formula are not valid

“END OF SESTIONT
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2002 AP Statistics Exam Multiple Choice Solutions

1. Answer: (D)

(A) is FALSE— There are not necessarily more subjects avaifableither experiments or
observational studies. There are probabbye subjects available for observational studies
anything because people are more apt to be alughtsomeone observing them than to take
place in an experiment.

(B) is FALSE— In anything, ethical constraints might preventaerlarge scale experiments
from taking place, not observational studies.

(C) is FALSE— On average, experiments tend to be noosly than observational studies.

(D) is TRUE— Only through a well-designed experiment can wereine a causal
relationship between our variables whereby in aeolational study, we can only determine
if there is an association between our variables.

(E) is FALSE— You can do significance tests on afgta, whether it comes from an
observational study or an experiment.

2. Answer: (B)

Choices (A) and (E) are out from the get-go bec#luseull hypothesis must have

p = 0.05 in it. Since we are checking to seeefranufacturer is wrong (and the manufacturer
says that it is “no more than 0.05”), we must Isting for the idea that the proportion is more
than 5% or | p > 0.05.

Note Our parameter of interest in this examplp,ithe true proportion of balloons that burst

when inflated to a diameter above 12 inches. Thizecause this is categorical data...the
balloons either burst or don't.

3. Answer: (C)

If you want to see how these Lauren performedrglaivesense and the scores follow a normal
distribution, then you may use z scores:

x—,u:85—75:1 Z”dexam:z:X_’u:85_7O:
o 1C o 15

1

1%texam:z =

Since thez scores are the same [both times she scored exmelgtandard deviation above the
rest of the class], she scored about equally asonddoth exams. The class size and correlation
between the two scores is irrelevant for this qoast



4. Answer: (A)

Recall that when you are setting up a simulatiom yastdisregard the values of the numbers

and simply treat them as non-numerical objectsc&s80% of all subscribers watch the shopping
channel at least once a week, make 30% of the dbers represent those people and the other
70% of the 10 numbers represent the other peopke nlimbers do not represent quantities, they
only represent outcomes.

5. Answer: (D)

There are a couple different ways you can do this:

Method 1 Figure out the expected number of sweatshirtsateasold:

E(x)=u =) xp(x)=(0003)+(1002)+(2003)+(3001) + (4 0008) + (50002) = 152
Now since each sweatshirt is sold for $25, theykhexpect to make:

$25x 1.52 = $38

Method 2 Convert the original data from number of sweatsthib amount of money earned:

Money per
sweatshirk $0 $25 $50 $75 $100 $125
P(x) 0.3 0.2 0.3 0.1 0.08 0.02

Now do the same thing to find the expected revenue:
E(x) = (000.3)+(2500.2) + (5000.3) + (7500.1) + (1L000J008) + (12501002) = $38.00

Keep in mind, though, that you don’t hateedo these by hand unless it's a free response
guestion, and even then you need only show theuiasrfor the purpose of presentation.

If it's a multiple choice question like this, judb it in the calculator:



1. Press STAT and press
ENTER.

2. Enter all thex values into
L, and all the probabilities

into L,

—
—

Ll N LT T ]
i kU] pT LT

Lz(11=

3. Pres$ STAT- CALC —

1-Var-Stats

1-Mar Stats=s
: 2-War Stats
'Hed Mead
iLinkegdax+hl
=EuadEeg
:Cubickeg
JEuart.FEeg

3. Now tell it to do 1-Var
Stats on L. with a frequency

of L,.

1-Var Stat= Li.L
zl

4. Press ENTER and tixes
your mean (expected value
and o, is your standard

deviation.

1-Var Stats
®=1.32
2x=1.02
zxe=d, Ba

Sw=
grx=1.330263132
=n=1

4. You can also do this from
the perspective of money..
same exact process.

1-Var Stats
H=30

TH=55
Twi=2550

Sw=

TH=33. 206S733
J-ri=1

6. Answer: (E)

Recall that the correlation coefficiem) (s notaffected by multiplying, adding, subtracting, or
dividing (any linear transformation does radtect the correlation coefficient). The only thin
that could affect the correlation coefficient whgdu were to do some sort of non-linear

transformation such as taking the log, taking thgase root, or squaring every data value. So it

remains the same.



7. Answer: (A)

Since a constant is being added to every data yviddaenean will be affected but the standard
deviation will not...

U=47+4 =51,
o=14

Now, had the question said that we, say, multgMgry number by 2, then both the mean and the
standard deviation would be affected:

U=4Tx2=94
o=14x 2 =28
Also, had the question given you the variaand doubled every data value, that would have

changed the answer as well. Pretend that the \ari@nl4 and we multiply every value in the
data set by 2. You have to square the constantibedhe variance is in square units:

Variance =o? = 2°x14= 56

8. Answer: (A)

Immediately (E) is nothe correct answer because even though the samples smallif = 11),
the question states that the data appears ‘uninasabsymmetric’ in which case the small
sample size is no big deal. Recall that for a caragde t-interval the degrees of freedomrmare
1. On the t-table, look up the critical value f&28 confidence and— 1 =11 — 1 = 10 degrees
of freedom and you get 2.228:

df
10| 1.372 1.812 2.228 2.359 2.764

80% 90% 95% 96% 98%
Confidence LeveC

The formula one sample t-interval is:

. s 3.01
X+t x> — 255+ 2.22&>
Y dn J11



9. Answer: (E)

This guy is going to increase the sample size pebmf fixing one of the following problems:

(A) is FALSE— Non-response bias is when you ask the questipedple and they blatantly
refuse to respond. The more people you ask, the mbo will refuse to respond.

(B) is FALSE— Confounding variables are variables that you didaonsider and that affect
the response variable, making it difficult to asa®rthe true effect. Increasing the sample
size does not get rid of these. Only a well-degigexperiment can help minimize the effects
of confounding variables.

(C) is FALSE— The interviewer effect will not diminish as moregple are surveyed. The
interviewer effect is when the person conductirgyittierview (their demeanor, appearance,
etc) makes it to where it is difficult to responahlestly. It is a form of response bias (i.e.
anything that biasegour responge

(D) is FALSE— You can_notlter the variability in the population. Therenis variability in the
population. Variability only refers to sampling.

(E) is TRUE— As you increase the sample size, sampling vaitlfihe degree to which
statistics will differ from sample to sample) wdlécrease alway$o, the standard deviation
of the sampling distribution of the sample propmitwill also decrease. Its formula is as

follows:
o= P [r
n n

Notice that if we were to increase the sample shis,quantity would invariably decrease.

10. Answer: (D)

Since this question asks for the ‘shortest distattae will still give you 4,000 shellfish, it must
be centered about the mean. Also, since there(a@@Q shellfish in the population, the question
is asking for the shortest distance that will conta

4,000
10,000

=40% of the shellfish

Using the ghetto-looking picture below, you realilzat you_havehe area under the curve and
you needhe values on theaxis:



30%

In this case, use the TI183 to find both valuesh(lgh you will notice that you need only one):

1. Pres$ ¥ — VARY — 2. The command is
invNorm( invNorm(area to left) =z

OFAL 1RV Horme . 5

snormaleder - o24d4EAS 1 a1
2 hrmalcdf o

1 Horme

LR
W et b
SHEA T L
e ets [

Now, just solve for the missing value

x-10
0.2

-0.5244=

X =9.895 cm.



11. Answer: (B)

This is asking for a component of the€ test for independence. Look at wording in the tjaas

“If the null hypothesis of no association betweewvel of education and employment status is
true...”. This is asking for the expected value urttierassumption of independence. The
formula for this value is:

Rowx Column_ 92] 8:

Expected =
Grand 157

12. Answer: (B)

1. Since the data is quantitative (we are measunhagneamumber of units assembled per
employee), the goodness of fit test is irrelevaadause that deals with categorical data.

2. Since there are 2 groups, we have to look foimgga There is no evidence to believe that the
experimental units are being paired in any wayrfraching in the question).

3. The sampling procedure seems to indicate tleagxperimental units were sampled
independent from one another. So he should use-sawplg-test.

Note Had there only been one group of employees anchga to distinguish between whether

to use a-test or a-test, you have to see if the population standakdadion is known or not. If
it is, use a-test. If not, use &test.

13. Answer: (A)

This question harps at the different qualitiesaifedence intervals that you have to know for
this exam:

(A) is TRUE— As your confidence level goes up, so too doesvidéh of the confidence
interval [a 99% Cl is wider than a 95% CI whichwigler than a90% ClI, etc]

(B) is FALSE— It contradicts what I just said for choice (A).

(C) is FALSE— Sample size is not the only thing that affectswigth of a confidence interval.
Also, the question makes no mention of the samipke Blowever, if the question had not
changed the confidence level, but did change thekasize, a largesample size will yield
a narrowerconfidence interval and thus more precision.

(D) is FALSE— If your sample is biased, there is no way you &hbe performing any type of
statistical inference. Period.

(E) is FALSE— Whether you use z&interval or a-interval depends on whether you know the
population standard deviation.



14. Answer: (D)

Let’s go through these one at a time:

(A) is TRUE— Range is measured as max — min and in this dasepaximum and minimum
values for both boxplots look about the same.
(B) is TRUE— The IQR is measured as Q3 — Q1:

For Datasetl: Q3-Q1=45-30=15
For Datasetll: Q3-Q1=50-35=15

(C) is TRUE— The median is measured by the center line in tx@lot, which for data set | is
at approximately 35 and for data set Il is appratety 45. Keep in mind that on a boxplot,
this is a measure of the mediaot the mean. The only time that this could besaiered a
measure of the mean would be if the data set loakpdoximately symmetrical at which
time the mean and median would be approximatelaleduso, you can tell from this
picture what the shape of each data set would a& et | looks slightly skewed right (in
which case the mean would be above the medianflatadset Il looks slightly skewed right
(in which case the mean would be less than theangdi

(D) is FALSE— We have no idea what the sample sizes are for@aelof these data sets. You
cannot tell the sample sizes solely from box-andskdr plots.

(E) is TRUE— The first quartile for data set Il is approximgt8b. At the first quartile, 75% of
all data points are above that value (and 25% al@nbit). For data set I, the median is at
about 35 as well. The median is the place where 80te data points are below it and 50%
of the data points are above it. So, the statefiadoiut 75% of the values in data set Il are
greater than about 50% of the data values in ddtl must be true.

15. Answer: (D)

What is the difference between each of the samplingedures?

(A) Cluster sampling is when you take a random group thatréady relatively heterogeneous
(mixed) on the variable of interest. For example,just grab my % period class as a
representative sample of all my stats classes kBecaa felt that they were a good mix on
the variable of interest.

(B) Convenience sampling is a very bad thing. It is when you sotglab those people that are
conveniently located to you. Imagine if | took a\ay of all teachers during our weekly
meeting to see how all teachers felt about the aidination. This would not work too well
because | don’t know if their opinions are repréatwe of all opinions. It's just convenient
for me because they’re right there.

(C) Simplerandom sampling is when we simply randomly sample frommapulation of
interest. If we used a random number generatgubnames in a hat, we would be
conducting a simple random sample

(D) Stratified random sampling is when we break people off into simgesups and then
within each group (or strata), we sample peopldaarly. We want to divide the subjects



into strata such that the people are as alike ssilple on the variable of interest. This
question is an example of stratified random sanggdiiecause they broke the class off into
freshmen, sophomores, juniors, and seniors andsitlented students from each stratum.

(E) Systematic sampling is when you take ever{) person. If | were to stand in the hall area of
a school and sample every, sa{},f@rson, this would be systematic sampling.

16. Answer: (E)

Jason wants to determine how age and gender atedtd political party preference:

(A) is FALSE — This is for bunch of reasons we are about to dscu

(B) is FALSE— Sample sizés not important. It's about quality, not quantiygood small
sample is better than a big crappy sample.

(C) is FALSE— Equal sample sizes are metuired for your sample to be representative.

(D) is FALSE— The question says that he didoose the samples randomly. Liars.

(E) is TRUE— If he's trying to see the effect of political pagreference on gender and age
group, he has done a stupid thing. He has seléetethdependent samples that differ on
bothvariables. Now, since they are different gendasdifferent ages, he cannot tell if the
difference in political preference is due to theaifence in age groups or the difference in
genders. In other words, they are confounded

17. Answer: (B)

17. A residual is always measured as A — P = ActlRledicted. Since you are not given a
predicted value, you have to plug thealue into the equation in order to get the predivalue:

§=16.6+ 0.65 2G= 29.

Actual — Predicted = 25 — 29.6 = —4.60.
Also, let’s look at the slope and intercept (justfun):

Slope We predict, on average, that for each additiomahth of age, the child gains an
additional 0.65 pounds of weight.

Intercept We predict, on average, that when a baby is @emoths old, he will weigh 16.6
pounds. This is actually describing the weightha&f baby at birth, so it makes sense
contextually. It is possible, though, that the dages not gathered from values that stretched
down to zero so it is probably extrapolationinterpret this value.

18. Answer: (E)

Recall that the-distribution is used when the standard deviatmrttie population is unknown.
Here are the properties of thdistribution that you may have to know:



1. It is symmetric and centered at zero

2. It is indexed by degrees of freedom

3. It is shorter and has more area in the tails the z-distribution

4. A z-distribution is a-distribution with infinite degrees of freedom

5. As degrees of freedom increase,ttdestribution approacheszadistribution and thus has less
variability as these degrees of freedom go up.

So...

|. Thet-distribution is symmetrie> TRUE[see above]

Il. Thet-distribution withk degrees of freedom has smaller variance thatrdisgribution withk
+ 1 degrees of freedom FALSE [A t-distribution withk degrees of freedom has maiance
than the-distribution withk + 1 degrees of freedom]

lll. The t-distribution has a larger variance than the stahdarmal £) distribution— TRUE[A

t-distribution by definition has more variabilityah az distribution.]

19. Answer: (B)

19. The values given in the question are obseraétksg for the 60 people who were sampled:

Brown Eyes Green Eyes Blue Eyes
34 15 11

It is hypothesized, though, that half of all pepphve brown eyes and the other half are
evenly divided between green eyes and blue eyeth&yaccord, the expected counts for
thesen = 60 people are as follows:

Brown Eyes Green Eyes Blue Eyes

60x 0.5= 3( 60x 0.25= 1t 60x 0.25= 1t

2,
¥ :z(Observed- Expectéd 34 )320 15 f5 11)121.6
Expected 15 15

Again, this is one of those questions you can dbeéncalculator. Keep in mind, though, that
the goodness of fit test will n@tork if you try to put the data in a matrix andfpem it like
you would the tests for independence and homogené&iu have to do this using the
program | gave you:

10



1. Make sure all observed| 2. Press PRGM and run the 3. Let it know that there are P
values are in Land all CHIGOF program degrees of freedom
expected values insL (#categories — 1) and you're
done!
L1 Lz Lz z ake =yre cl
=Yy T observed are in 1.6
1 1t L1 and exFected
11 i are in Lz F-ualues
""" - 44352864 2
mha |
Oone
L) =

20. Answer: (B)

Since we are attempting to compéas® distributions, you have to be careful what gecide
is/isn’t an “appropriate” display:

(A) Back-to-back stem and leaf plots would serve nicely since we are trying to comphees
distributions of these data values. This way, tis&riutions are side-by-side and they can
be ascertained accordingly.

(B) Scatterplot of B versus A would not serve this purpose in the least. As tenaf fact, it
would be impossible to create because in ordeotihat you require bivariatata (two
variables taken from each experimental unit). Wieshd done that here because the only
variable we collected from each person is theirgal

(C) Parallel boxplots of A and B would serve the same purpose as the back to bexckand
leaf plots because it would show the distributiohthe salaries side by side.

(D) Histograms of A and B that are drawn to the same scale should also serve this purpose
because you can see the shape, center, and spescha@roup side by side. Also, it's very
important that you use the same scale for eachuseaathey’re not on the same scale, it can
be misleading.

(E) Dotplotsof A and B that aredrawn on the same scale could also be useful because they
can show the distributions of each variable sidsitdg as well.

| think this is an important question because yay nery well be asked to draw the

‘appropriate’ display for some data and you havientow what to do. If you want to compare
distributions, everything but a scatterplot wilk ¢jeat done. A scatterplot can show a relationship
between to variables (each garnered from the saperienental unit).

21. Answer: (A)

When reading these outputs, you have to know hoacduiire the least squares regression line.
Ignore all the stuff at the top (Regression, Realidetc). Also, ignore R squared (adjusted) as
this does not pertain to you. Here are the onlyspairthe output you need for this question:

11



Variable Coefficient s.e. of Coeff t-ratio prob
Constant 11.6559 0.3153 37 <0.0001
Size 3.47812 0.294 11.8 <0.0001

The only confidence interval you will ever be askedreate for regression is one for the slope
of the least squares regression line. Recall, thotingit degrees of freedom for regressiomare
2 =22 — 2 =20 (which is conveniently given to youhis example). You must tehn look up the
critical value for 95% confidence and 20 degreesedfdom:

df
20| 1.325 1.725 2.086 2.197 2.528

80% 90% 95% 96% 98%
Confidence LeveC

The formula for the Cl is as follows:

b+t ,xSE,
3.47812 2.088 0.2€
(2.864836, 4.091404)
Even though the actual confidence interval isinahe question, it's good to know what it

means. We are 95% confident that for each additkiluboyte of size, the document requires
somewhere between an additional 2.864836 minug £191404 minutes to print.

22. Answer: (D)

This question harps at the distinction betweenlesevational study and a well-designed
experiment. Since there was no random assignmesuttpécts to treatment groups, this is aot
experiment. It is just an observational study. ditsually a retrospective study because past data
was collected to acquire this information. Redadittthe main difference between an
observational study and an experiment is that @emxent can determine causality (provided
that it's well-designed) and an observational stoay only determine that a relationship exists
between the variables. So...

(A) is TRUE— This should be included in the report because évaungh seatbelts were
probably a factor, they probably weren’t the ofdgtor. This study could be confounded by
driver behavior. That is, it may be hard to telihé injury (or lack thereof) was because of
the seatbelt or because of the driver’s behavior.

(B) is TRUE— This should be included in the report becausenagau cannot tell if the injury
was due to the seatbelt or the child’s locatiothancar. Studies have shown that children
who sit in the front of a car are more apt to hered than children who sit in the back seat.
So this, too, is a confounding factor.

12



(C) is TRUE— This should be included in the report becausevias not an experiment. We
didn’t take kids in throw them into a car (somehaseatbelts on, some without), crash the
car into a pole, and record how things pannediante we cannot do this (for ethical
reasons... hello?) a cause and effect relationsmpatdbe determined even if it does not
exist.

(D) is FALSE— This should nobe included in the report because in an obsematstudy, we
can only determine that in accidents where seatledte worn, less children were injured.

(E) is TRUE— This should be included in the report becauseobiiee main caveats of
experimental design is replication. If somethingrig, it should alwaybe true, not just in
this example.

23. Answer: (E)

In probability theory, we have three main typegwants:

1. Mutually Exclusive (a.k.a. digoint) Events: Outcomes can ndtappen at the same time.
2. Independent Events: Outcomes cahappen at the same time, they just don’t affechea
other.

3. Neither Independent nor Digoint (a.k.a. dependent) Events: Outcomes cahappen at the
same time and they difect each other.

(A)is FALSE— If the events are mutually exclusive, they carbeindependent. They cannot
exist in both categories at once.

(B)is FALSE— If the events are independent, they catmsomutually exclusive. They cannot
exist in both categories at once.

(C)is FALSE— If the events are not mutually exclusive, theylddae either independent or
dependent.

(D)is FALSE— If the events are not independent, they coultlsgilkeither mutually exclusive
or dependent.

(E)is TRUE— These events cannot exist in both categoriesad.dhthe events are
categorized as mutually exclusive, they carb®independent.

13



24. Answer: (D)

Here, the results of a statistical test and sule®qurvalue are given and you are asked to make
assertions based on this information:

Remember that in order for a test to be “statificagnificant”, the p-value must be less than
the alpha level. Since the p-value is 0.24, yomaloreject Ho and thus the results are not
statistically significant at any reasonable alpheel [0.01, 0.05, or 0.10].

(A) is FALSE— In order for these data to be statistically sigaift, the p-value must be less
than the alpha level.

(B) is FALSE— You need not do anything to the p-value. It is inhs. Leave it alone.

(C) is FALSE— Once again, you don't need to double the p-vahless you're given a one-
tailed test and you need to convert it to a twtethiest. In no way is this indicated here.

(D) is TRUE— This is the definition of a p-value. It is the patility of viewing data as
extreme or more extreme than that which you sappasing the null hypothesis were
correct.

(E) is FALSE— Even though it is the correct definition of what-aalue is, there is no reason
to subtract that value from one.

25. Answer: (E)

This question deals with the appropriate desiga study. Make sure that you understand the
different components that deal with the desagidl the implementatioof a study as well as the
different biases that could arise from your study.

(A) is FALSE— You cannot simply let subjects pick whichever diiugy do/don’t take.

(B) is FALSE— When you design a study, you must always malewtitere the subjects are
randomly assigned to treatments.

(C) is FALSE— Even though it is a paired design, you stéed to utilize randomization. That
IS, you still need to randomly assign which groepsghe old drug first and which gets the
new drug first.

(D) is FALSE— The question states that they want to comparelthdrug to the new drug. If
you don’t use the old drug, all you have evidermad the idea that the drug works better
than nothing. Bang-up job, genius.

(E) is TRUE— The subjects are randomly assigned to two grongae group gets the old
drug, the other gets the new drug. Perfect.
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26. Answer: (D)

26. This is a question about sample size determmat’s likely that this question (or one like
it) will come up on the exam because this is oniefformulas that you have to memorize.
The formulas for sample size determination depgrahuhe data:

2
Quantitative— n= ( X 0’)
m

2
Categorical> n= (EJ p(1-p)
m

In the formula, the criticat comes from the confidence level and the margirrmirém) will be
in the question noted as either (a) “margin of €roo (b) it will follow the word “within”.

Also, for the formula that deals with categoricatal if there is no estimate fpr(or if the
guestion asks for the “most conservative estimatesg 0.5.

Because the question asks for a critcahlue that is not on the t-table (99.6% confidéngeu
have to get it yourself using the calculator:

99.6%

0.2% 0.2%

Now use the calculator to get the critical value:

1. Pres$ ¥ — VAR — 2. Type invNorm(area to left) 3. The value will inevitably

3:invNorm( be negative, so make it
positive.
OFEAL inHormOE, BEZ0H | 1 Harm Ol Bl

normaledee Z2.272316174
28 hormalcdf o
1R Horm
s LEdf o
B todf o
i XEpdf
i T ets [
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Now just use the quantitative formula becauseithegiantitative data (it's a machine measuring
the weights of snack foods):

2 2
n:(ZXUJ :(2.878>< 0.3(} _5176

m 0.12

Always round upt- n =52

Note The criticalz value for a confidence level vecjose to 99.6% is on theaable (99.5%
confidence) ag = 2.807. If you use this number in the formula, get a very similar answer:

2 2
n:(ZXUJ :(2.807>< 0.33 — 49.24
m 0.12

Among the choices) = 52 is the ‘minimum’ sample size that would aekidis goals.

27. Answer: (A)

Be careful with these questions. This is a cunngdtequencyhistogram, not just a histogram.
For example, look at the test score of 70. The dative frequency is about 25% which means
that about 25% of the students scored a 70 oresiet lessKknowing this...

(A) is TRUE— The variability of the data can be determineddnking at the horizontal
distance covered before achieving that percentil@uld guess that the 2(ercentile
[lower 20%)] is at a test score around 65. So thetd®0% of the test scores ranged from
about 35 to about 65. The'8percentile [upper 20%] is at a test score of abou80. So the
upper 20% of test scores are spread out from &@ibtd 100. So, the range of the lower 20%
test scores is approximately 65 — 35 = 30 andahge of the upper 20% of test scores is
approximately 100 — 80 = 20. Since the lower 20%esf scores are more spread out, they
have more variability.

(B) is FALSE— The median test score should be at the 50% matkeooumulative percent.
Look at 50 on the-axis and trace the graph to the right and you s&# the median score is
somewhere between 70 and 80. Not less than 50.

(C) is FALSE— If you look at the test score of 80, the cumukafirequency for that value is
60%. This means that 60% of the students scor&f am less

(D) is FALSE— If you look at the cumulative frequency for a tespre of 70, the cumulative
frequency is about 25%. This means that 25% ofestisdscored a 70 or leand logically,
75% of the students scored a_70 or greater

(E) is FALSE— The values which occurred the most frequentlytlaose for which there were
the biggest “jumps” in the data. There seems tthbéiggest “jump” in cumulative
frequency from the score of 80 to the score offds means that these values occurred the
most frequently.

28. Answer: (E)
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Remember that in order for a linear model to be@mate for a set of bivariate data, the
residual plot must have random scatter above alwvibeero with no discernable patterns. The
first residual plot (of the original variablesandy) shows a clear curved pattern in the residuals.
The second regression is then run on the transtbraeables (the log of and the log of were
both taken) and the residual plot for the transtmrdata looks much better. So...

(A) is FALSE— There is definitely a nonlinear relationship betwe andy as seen by the
curved residual plot and Regression | definitelgglaotyield a better fit.

(B) is FALSE— For the same reason as (A) ... there isanliear relationship betwearandy.

(C) is FALSE— You cannot tell if the correlation is negativepasitive based upon a residual
plot.

(D) is FALSE— Even though there is a nonlinear relationship betw andy, Regression | is
still not the better fit.

(E) is TRUE— There is a nonlinear relationship betwaeandy andRegression 1l yields the
better fit.

29. Answer: (D)

Recall that a two-sided hypothesis test and a dentie interval with a complimentary alpha
level will always yield consistent results. In tiesse, the confidence level is 98% and the alpha
level is 0.02, so these results will be consistent.

(A) is FALSE— Even though the question doesn’t indicate thakmew the value of , the
sample size of 500 renders that fact almost ireelevAt a sample size of 508is an
excellent estimate of .

(B) is FALSE— Again, the population need not necessarily be atiyndlistributed if the
sample size is 500. The sampling distribution igrapimately normal regardless of that fact.

(C) is FALSE— You do_notneed the entire data set to get this questiony@®lineed is the
confidence interval and the hypothesis test andg@ood to go.

(D) is TRUE— The value for the null hypothesis is 40,000. TB&S3confidence interval is
entirely above 40,000 so the null hypothesis wdnddejected. We are 98% confident that
the true mean income is N®0,000. Also, though not asked in this questyon, can also
conclude that the p-value is less than 0.02 siocergject H.

(E) is FALSE— The question says that the null hypothesis iggjetted. This is not correct. If
the value from your hypothesis test is moyour confidence interval, then you must reject
the null.
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30. Answer: (C)

On your formula sheet, you are given the followimigrmation regarding the sampling
distribution of the sample mean:

ty=p ando, =9/

Since we are taking samples of size 2 from thisy(genall) population, we know the following
about the sampling distribution &f:

My = =425

o, = 7 s 1-9%5 =1.358

So... u, =425 ando, <192

31. Answer: (B)

Since I've gone over this one a bunch of timesrevipus examples, we’ll just go over thight
answer:

Recall that the slope is defined as follows:

“We predict, on average, that for each additionatease irx, y will increase by [enter slope

herd”

Sincex is the number of degrees Fahrenheit by whichah®erature exceed®’ andy is the

number of chirps per minute, the slope must meanftinr each additiondl’® increase in
temperature, the number of chirps per minute irsgedy 3.41. [Remember that 10.53 isthet
slope. It’'s they-intercept].

32. Answer: (E)

This example follows a binomial distribution. Rddhke 4 qualifications for a binomial
distribution:

1) There are two outcomes (success and failure)
2) The probability of success is constant

3) The trials are independent

4) There are a fixed number of trials

18



This example works nicely:

1) There are 2 outcomes [you either win the prizgon don't]

2) The probability of success is constant [It's aw 0.20 because there are 5 boxes and one
prize]

3) The trials are independent [If you win this tintehas no bearing on you winning the next
time]

4) There are a fixed number of trials [You are gigg4 times]

Since the question is asking for the probabilitgefting_exactlk successes within trials (in

this case, exactly 2 correct out of 4 guesses)ugauthe binomial formula given to you on your
formula sheet:

P(X = k) = (Ejpk(l— o) = (;‘](o.zﬂo.s)z

This question just wants you to use the formuldnvthie numbers in the appropriate places. If
you had to evaluate this, though, you can dothécalculator:

1. Pres@—» VARS — 2. Type binompdfr, p, K) 3. This gives you the
0:binompdf( probability of getting exactly
2 successes out of 4 trials if
the probability of success is
0.20.
F?EHH EihndeFi4:.2:23 1homFdf Cd, 2. 20
c
oiXepdfe - 1336
rEXecdf .
=N e |
A Fodf
binomFdf .
bBinomcdf C

ol This gives the number of possible ways in which gan get 2
(A) = — successes out of 5 trials. It is called a permutafThis is not
o covered in this class

(02)?
(0.8)?

(C) 2(0.2)(0.8) —

(B)

— This is a crap answer. Did you fall for this? Ddiall for this.

This would follow a binomial distribution if thergere 2 ways
the event could occur.

This would have been the solution if the questiad asked:
(D) (02)*(08)° — “What is the probability of guessing correctly o first two
attempts, but then guessing incorrectly on thetlast.
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33. Answer: (B)

In this question, you are kind of tricked becausedample size is small, so you think that
inference cannot be done. However, the questidassthat dotplots of the data indicate that the
assumption of normality is not unreasonable, ssthall sample size is not important.
Remember that you usd-distribution to estimate thedistribution when the population
standard deviation is unknown. So...

(A) is FALSE— We alwaysconstruct confidence intervals using our stassichopes of
capturing parameters. In this case, we are usmgdmple mean carbon content to give us
insight into what the population mean carbon contenld be.

(B) is TRUE— The question states that “there are no histodatd on the variability of the
process”. This means that the population standavdation is unknown so we use the
sample standard deviation to estimate it. | knosvahswer says that the sample variance is
used as an estimate of the population variancegouember:

Variance =Standard Deviatiot
If the population standard deviation is unknowmiso is the variance.

(C) is FALSE— We should always use data rather than theorydggunormality.

(D) is FALSE— You can use data from however many days you thitakes to get a
representative sample. In no way does this medrythehave to use tadistribution.

(E) is FALSE— It is good to use adistribution when the sample size is small, betrtimain
reason is because the standard deviation for thelg@ibon is unknown. You can use-a
interval with a small sample size if the populatstandard deviation is known and the
population from which the data comes is approxitgatermal. So the statement, ‘A
interval should never be used with a small samiglédlise.

34. Answer: (C)

This example uses bivariate data because two nesasuare recorded for each rat: the amount
of caffeine consumed) and the rat’s blood pressusg.(The correlation is calculated as 0.428.
This isr. This means is there is a moderately weak positiveelation between the amount of
caffeine consumed by a rat and that rat’s bloodquee. So...

(A) is FALSE— The correlation for our sample is 0.428. Thisas the correlation for the entire
population. Although, if these 100 rats were raniyjosampled from the population, the
population correlation should be close to that.

(B) is FALSE— Correlation does not imply causation. In no walf mot drinking the caffeine
cause a reduction in blood pressure. There couldrnaltitude of confounding variables that
we do not know about.

(C) is TRUE— lt is the coefficient of determination that debes the percent of variability in y
explained by. In this example:
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r’=0428 =0.183

This means that about 18% of the variability imBsrblood pressure can be explained by the
amount of caffeine the rat consumed. Another wagaging this (you don’t have to know this
for free response questions, but it could be omtbkiple choice section). About 18% of the
variationin blood pressure can be explained by the linsso@ation between blood pressure and
caffeine consumedrhis is equally as viable an answer.
(D) is FALSE— We don’t know what the rats like. Rats don't talkis is stupid.
(E) is FALSE— A weak correlation does not necessarily meantteatelationship is nonlinear.
This couldbe the case because nonlinear relationships wehkesorrelation, but it could
just be a sort of wedknear association.

35. Answer: (C)

Remember that the power of a test [knowr(las,B)] is not something that you have to

calculate; just something you have to know. The groo¥ a test is the probability that you
correctly reject a false null hypothesis (it's y&8 detector). Recall that to increase the power,
the two ways to do that are to increase the sasipéeand/or increase the effect size. Also,
remember:

at=L1=[1-p)1

So, to achieve the highest power, you just hayatbthe highest alpha level (Type | Error Rate)
and the highest sample size will give you the nposter.

36. Answer: (B)

Since the balls are being replaced, you can eksdy all possible combinations of balls that
can be drawn and thus find the average of each:

Balls Drawn X
land1 1
1and 2 1.5
1and3 2
2and 1 15
2and 2 2
2and 3 2.5
3and1 2
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3and 2 25
3and 3 3

Now there are 9 possibilities, you know what thegling distribution ofX is just by looking at
how often eachX occurs:

X 5 2

wlk

Probability

Olr|r

1.
2
9

©IN(N

©lw
Ol

37. Answer: (E)

Since the simple random sample yieldsxaof 15 +3, this gives a resulting confidence interval
of (12, 18). This can be viewed from two perspediv

(1) We are 95% confident thatlies between 12 and 18.

(2) In all intervals constructed the same way Kef same sample size from the same population),
we expect 95% of them to capture

So...

(A) is FALSE— To discuss “95% of population measurements” ipid statement. We have
never covered “population measurements”.

(B) is FALSE— This is because “95 of sample measurements” ook llike whatever the hell
they want to look like. However, if we create imMas around these ‘sample measurements’,
95% of these intervals should captyre However, our confidence interval is not the
benchmark for all confidence intervals.

(C) is FALSE— This is for the same reason as choice (B). Againconfidence interval is not
the benchmark for all confidence intervals. It'esg to the right answer, but it's actually
incorrect and that's why most students chose itl itlaaid “In 100 intervals constructed the
same way, we expect 95 of them to capture that would have been correct.

(D) is FALSE— This is because(EPZs X s18) = 1. The sample average_is alwalyectly in the

center of any confidence interval.
(E) is TRUE— This is because in all intervals constructed Hraesway, we expect 95% of
them to captureu . So if £=19, we would be kind of surprised. We are 95% ictemit that

M is between 12 and 18. Only 5% of all 95% confiageimtervals will not containu, and it
looks like we're in that 5% of intervals. So4f= 19, thisx of 15 would be unlikely.

38. Answer: (E)
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Since this question is asking for the answer imgeof those who are agairke tax increase, do
it entirely from that perspective & 0.35):

This is probably the way that these questionshélasked in that they will use a rather large

sample sizen(= 500) as sort of a hint that you should use a nomwmlel. Since there are at
least 10 successes and at least 10 failures:

np =(500)(035)=175210 and n(1- p)=(500)( 0.65= 32% 1
...a normal model is appropriate. This makes thesechoices incorrect:

500
(A) [ZOOJ(O.65)2°°(035)3°°—> This is the probability of getting exac®0 people who are in

favor ofthe taxes (because it uses 0.65 first) in the Eaofb00 people.

200
againstthe taxes (because it uses 0.35 first) in the Eaofb00 people.

500
(B) ( ](035)200(0.65)3°°—> This is the probability of getting exactdp0 people who are

Now that you have a normal model, you need a medrastandard deviation. These are given
to you on your formula sheet:

Uy =p=065

7, = \/ plL-p) _ \/(035)(0.65)

n 500

The question asks for the probability that morentB@0 people are against the taxes. This is the
same as asking for the probability that more tﬁg%oc = 040are against the taxes. Now, just

convert all the information intoascore and find the probability of getting-acore_biggethan
that:

,_X—H__040- 035
o 035)(065

500
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39. Answer: (A)

The only way that a two-sided test can find sigaifice (a.k.a. rejectogHand a one-sided test
does not is if the researcher chose the wrongtthretor the one-sided alternative. Let’s discuss
this from the perspective or the rejection regi@in(s

Sally Betty
Results were significant (rejected)H Results were ndiignificant (did_noteject H)
Used two-sided test Used one-sided test (direction not known)
DNE
RR
-1 6I45

DINE

OR
ER ER

-1.96 1.96

DHNE

T
1645

The toughest part of this question is its ambiguBtgtty could have chosen the ‘wrong’ direction
in her hypothesis test. Therefore, just check &ifsany of the choices for a test statistic fall i
Sally’s rejection region and doesn't fall into @tlof Betty's (since you don’t know which one it
was). The only answer choice that satisfies th{$)s-1.980.

24



40. Answer: (B)

Here, the person is attempting to do a two sampiterval:

(A) is FALSE— The two sample sizes do not need to be equablier@o perform any inference
on independent means.

(B) is TRUE— The student gathered the ages of eyeitye minister and evenyresident, so a
confidence interval is unnecessary. He has thenpateas (the true mean ages of both
populations). He’s a winner. Game over.

(C) is FALSE— The distribution of ages could very well not benigar and the test can still be
performed. They just both have to be large sanmpidé®m normal populations in order to
be valid.

(D) is FALSE— We don’t really know what the shapes of the ageslevbe. They're probably
all centered around late 50’s with a fairly normdagtribution, though you cannot really
speculate to this effect without the data.

(E) is FALSE— This is for the same reasons as choice (D). Yoe na idea what the
distributions looks like and cannot make assumgtiorthat effect.
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