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Formulas

) Descriptive Statistics
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(II) Probability

P(A U B) = P(A) + P(B) — P(A N B)

P(A N B)

P(A|B) = B)

E(X)=py = le-pl-
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If X has a binomial distribution with parameters 7 and p, then:

P(X = k) = (ij"a —pyik
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n

If x is the mean of a random sample of size n from an infinite
population with mean p and standard deviation o, then:
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(IIT)  Inferential Statistics

Standardized test statistic:

statistic —parameter

standard deviation of statistic

Confidence interval: statistic = (critical value) » (standard deviation of statistic)

Single-Sample

Statistic Standard Deviation
of Statistic
9
Sample Mean Jn
) p(1—-p)
Sample Proportion ~

Two-Sample

Standard Deviation

Statistic of Statistic
Difference of 0'12 o %
sample means —

nl nz

Special case when 0| = o,

N\

Difference of
sample proportions

n(d-pp) " p,(1—py)
n n

Special case when p, = p,

T, 1

p(l-p) P

Chi-square test statistic =

z (observed — expected )
expected
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STATISTICS
SECTION II
Part A
Questions 1-5
Spend about 65 minutes on this part of the exam.
Percent of Section II score—75

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

1. A professional sports team evaluates potential players for a certain position based on two main characteristics,

speed and strength.

(a) Speed is measured by the time required to run a distance of 40 yards, with smaller times indicating
more desirable (faster) speeds. From previous speed data for all players in this position, the times to run
40 yards have a mean of 4.60 seconds and a standard deviation of 0.15 seconds, with a minimum time of

4.40 seconds, as shown in the table below.

Mean Standard Deviation | Minimum

Time to run 40 yards | 4.60 seconds 0.15 seconds 4.40 seconds

Based on the relationship between the mean, standard deviation, and minimum time, is it reasonable to
believe that the distribution of 40-yard running times is approximately normal? Explain.

(b) Strength is measured by the amount of weight lifted, with more weight indicating more desirable (greater)
strength. From previous strength data for all players in this position, the amount of weight lifted has a mean
of 310 pounds and a standard deviation of 25 pounds, as shown in the table below.

Mean Standard Deviation

Amount of weight lifted | 310 pounds 25 pounds

Calculate and interpret the z-score for a player in this position who can lift a weight of 370 pounds.

(c) The characteristics of speed and strength are considered to be of equal importance to the team in selecting a
player for the position. Based on the information about the means and standard deviations of the speed and
strength data for all players and the measurements listed in the table below for Players A and B, which
player should the team select if the team can only select one of the two players? Justify your answer.

Player A Player B

Time to run 40 yards 4.42 seconds | 4.57 seconds

Amount of weight lifted | 370 pounds | 375 pounds

© 2011 The College Board.
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2. The table below shows the political party registration by gender of all 500 registered voters in
Franklin Township.

PARTY REGISTRATION-FRANKLIN TOWNSHIP

Party W Party X Party Y Total

Female 60 120 120 300
Male 28 124 48 200
Total 88 244 168 500

(a) Given that a randomly selected registered voter is a male, what is the probability that he is registered for
Party Y?

(b) Among the registered voters of Franklin Township, are the events “is a male” and “is registered for Party Y

independent? Justify your answer based on probabilities calculated from the table above.

(c) One way to display the data in the table is to use a segmented bar graph. The following segmented bar

graph, constructed from the data in the party registration—Franklin Township table, shows party-registration

distributions for males and females in Franklin Township.

Gender

FRANKLIN TOWNSHIP

o
£ Party W Party X Party Y
L
o
§ Party W Party X Party Y

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Proportion

In Lawrence Township, the proportions of all registered voters for Parties W, X, and Y are the same as for
Franklin Township, and party registration is independent of gender. Complete the graph below to show the
distributions of party registration by gender in Lawrence Township.

Gender

LAWRENCE TOWNSHIP
o
<
=
L
[
o
<
p

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Proportion
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3. An apartment building has nine floors and each floor has four apartments. The building owner wants to install
new carpeting in eight apartments to see how well it wears before she decides whether to replace the carpet in
the entire building.

The figure below shows the floors of apartments in the building with their apartment numbers. Only the
nine apartments indicated with an asterisk (*) have children in the apartment.

11* 12 21 22% 31 32
1st Floor 2nd Floor 3rd Floor
14 13 24 23% 34 33
41 42 51%* 52 61 62 * = Children
4th Floor 5th Floor 6th Floor in the
44 43 54 53 64 63 apartment
71 72 81 &2 91 Q2%
7th Floor &th Floor 9th Floor
T4* 73* &4+ 83 94 93*

(a) For convenience, the apartment building owner wants to use a cluster sampling method, in which the floors
are clusters, to select the eight apartments. Describe a process for randomly selecting eight different
apartments using this method.

(b) An alternative sampling method would be to select a stratified random sample of eight apartments, where the
strata are apartments with children and apartments with no children. A stratified random sample of size eight
might include two randomly selected apartments with children and six randomly selected apartments with no
children. In the context of this situation, give one statistical advantage of selecting such a stratified sample as
opposed to a cluster sample of eight apartments using the floors as clusters.

© 2011 The College Board.
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4. High cholesterol levels in people can be reduced by exercise, diet, and medication. Twenty middle-aged males
with cholesterol readings between 220 and 240 milligrams per deciliter (mg/dL) of blood were randomly
selected from the population of such male patients at a large local hospital. Ten of the 20 males were randomly
assigned to group A, advised on appropriate exercise and diet, and also received a placebo. The other 10 males
were assigned to group B, received the same advice on appropriate exercise and diet, but received a drug
intended to reduce cholesterol instead of a placebo. After three months, posttreatment cholesterol readings were
taken for all 20 males and compared to pretreatment cholesterol readings. The tables below give the reduction in
cholesterol level (pretreatment reading minus posttreatment reading) for each male in the study.

Group A (placebo)

Reduction (in mg/dL) 2 19 8 4 12 8 17 7 24 1
Mean Reduction: 10.20 Standard Deviation of Reductions: 7.66

Group B (cholesterol drug)

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

Mean Reduction: 16.40 Standard Deviation of Reductions: 9.40

Do the data provide convincing evidence, at the & =0.01 level, that the cholesterol drug is effective in
producing a reduction in mean cholesterol level beyond that produced by exercise and diet?

© 2011 The College Board.
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5. Windmills generate electricity by transferring energy from wind to a turbine. A study was conducted to examine
the relationship between wind velocity in miles per hour (mph) and electricity production in amperes for one
particular windmill. For the windmill, measurements were taken on twenty-five randomly selected days, and the
computer output for the regression analysis for predicting electricity production based on wind velocity is given
below. The regression model assumptions were checked and determined to be reasonable over the interval of
wind speeds represented in the data, which were from 10 miles per hour to 40 miles per hour.

Predictor Coef SE Coef T P

Constant 0.137 0.126 1.09 0.289

Wind velocity 0.240 0.019 12.63 0.000
S=0.237 R-Sq=0.873 R-Sq (adj) = 0.868

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

(b) How much more electricity would the windmill be expected to produce on a day when the wind velocity is
25 mph than on a day when the wind velocity is 15 mph? Show how you arrived at your answer.

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

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

© 2011 The College Board.
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STATISTICS
SECTION II
Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II score—25

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

6. Every year, each student in a nationally representative sample is given tests in various subjects. Recently, a
random sample of 9,600 twelfth-grade students from the United States were administered a multiple-choice
United States history exam. One of the multiple-choice questions is below. (The correct answer is C.)

In 1935 and 1936 the Supreme Court declared that important parts of the New Deal were unconstitutional.
President Roosevelt responded by threatening to

(A) impeach several Supreme Court justices

(B) eliminate the Supreme Court

(C) appoint additional Supreme Court justices who shared his views

(D) override the Supreme Court's decisions by gaining three-fourths majorities in both houses of
Congress

Of the 9,600 students, 28 percent answered the multiple-choice question correctly.

(a) Let p be the proportion of all United States twelfth-grade students who would answer the question
correctly. Construct and interpret a 99 percent confidence interval for p.

Assume that students who actually know the correct answer have a 100 percent chance of answering the question
correctly, and students who do not know the correct answer to the question guess completely at random from
among the four options.

Let k represent the proportion of all United States twelfth-grade students who actually know the correct answer
to the question.

© 2011 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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(b) A tree diagram of the possible outcomes for a randomly selected twelfth-grade student is provided below.
Write the correct probability in each of the five empty boxes. Some of the probabilities may be expressions
in terms of k.

TREE DIAGRAM OF OUTCOMES FOR A
RANDOMLY SELECTED TWELFTH-GRADE STUDENT

Outcome Probability

Knows
answer

Conditional —
o Answers and Probability =
probability = correctly answers .

Koo correctly
Probability = correct

answer

Conditional

probability = @

Knows
answer
and Probability =
answers Y @
incorrectly

Answers
incorrectly

Conditional

probability = Guesses at Probability =
random

Answers and

Correcﬂy ANSWErS
correctly

Probability = Guesses at

random

Conditional Answers Guesses at Probability =

probability = incorrectly r aI;Icllgm

answers
incorrectly

(c) Based on the completed tree diagram, express the probability, in terms of k, that a randomly selected
twelfth-grade student would correctly answer the history question.

(d) Using your interval from part (a) and your answer to part (c), calculate and interpret a 99 percent confidence
interval for k, the proportion of all United States twelfth-grade students who actually know the answer to the
history question. You may assume that the conditions for inference for the confidence interval have been
checked and verified.

STOP

END OF EXAM

© 2011 The College Board.
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Table A Standard normal probabilities

Table entry for z is the
probability lying below z.
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Probability

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
-34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
-32 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
-29 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
=217 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
=23 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
-24 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
-23 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
-2.2 .0139 .0136 .0132 .0129 0125 0122 .0119 .0116 .0113 0110
-2.1 .0179 .0174 .0170 .0166 .0162 .0158 .0154 .0150 .0146 .0143
-2.0 .0228 .0222 .0217 0212 .0207 .0202 .0197 .0192 .0188 0183
-1.9 .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
-1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
-1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 0367
-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
=155 .0668 .0655 .0643 .0630 0618 .0606 .0594 .0582 .0571 .0559
-14 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
-13 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
-1.2 1151 1131 1112 .1093 1075 .1056 .1038 .1020 .1003 .0985
—-1.1 1357 1335 1314 1292 1271 1251 1230 1210 .1190 1170
-1.0 .1587 1562 1539 1515 .1492 .1469 .1446 .1423 .1401 1379
-0.9 1841 1814 1788 1762 1736 1711 .1685 .1660 1635 1611
-0.8 2119 .2090 .2061 .2033 .2005 1977 .1949 1922 1894 .1867
-0.7 .2420 .2389 .2358 2327 .2296 .2266 2236 .2206 2177 2148
-0.6 2743 2709 2676 .2643 2611 2578 2546 2514 .2483 2451
-0.5 .3085 .3050 3015 .2981 .2946 2912 28717 .2843 2810 2776
-0.4 .3446 .3409 3372 .3336 .3300 .3264 3228 3192 3156 3121
-0.3 3821 3783 3745 3707 .3669 3632 3594 3557 3520 3483
-0.2 4207 4168 4129 4090 4052 4013 3974 .3936 .3897 3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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Probability
Table entry for z is the
probability lying below z.
Table A (Continued)

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 5160 5199 .5239 5279 5319 5359
0.1 .5398 .5438 5478 5517 .5557 .5596 .5636 5675 5714 5753
0.2 5793 .5832 5871 .5910 .5948 .5987 .6026 .6064 .6103 6141
0.3 .6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480 6517
0.4 .6554 .6591 .6628 .6664 .6700 .6736 6772 .6808 .6844 6879
0.5 .6915 .6950 .6985 7019 7054 .7088 7123 7157 7190 7224
0.6 1257 7291 7324 7357 7389 7422 7454 7486 7517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 7939 7967 7995 .8023 .8051 .8078 .8106  .8133
0.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365  .8389
1.0 .8413 .8438 .8461 .8485 .8508 .8531 .8554 .8577 .8599  .8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810  .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 .9066 .9082 .9099 9115 9131 9147 9162 9177
1.4 9192 .9207 .9222 .9236 9251 .9265 9279 9292 9306 9319
1.5 9332 .9345 9357 .9370 9382 .9394 .9406 9418 9429 9441
1.6 9452 .9463 9474 .9484 .9495 .9505 9515 9525 9535 9545
1.7 9554 .9564 .9573 .9582 9591 .9599 .9608 9616 9625 9633
1.8 9641 .9649 9656 9664 9671 9678 .9686 9693 9699 9706
1.9 9713 9719 .9726 9732 9738 9744 .9750 9756 9761 9767
2.0 9772 9778 9783 9788 9793 9798 .9803 .9808 9812 9817
2.1 9821 .9826 .9830 .9834 .9838 .9842 .9846 .9850 9854 9857
22 9861 .9864 .9868 9871 9875 9878 .9881 9884 9887 9890
2.3 9893 .9896 .9898 .9901 .9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 9922 .9925 .9927 .9929 9931 9932 9934 9936
25 .9938 .9940 .9941 .9943 .9945 .9946 .9948 .9949 9951 .9952
2.6 9953 .9955 .9956 .9957 .9959 .9960 9961 .9962 9963 9964
2.7 .9965 .9966 .9967 .9968 .9969 .9970 9971 .9972 9973 9974
2.8 9974 .9975 .9976 .9977 .9977 .9978 .9979 .9979 29980  .9981
29 9981 .9982 .9982 .9983 .9984 .9984 .9985 9985 9986 9986
3.0 9987 .9987 .9987 .9988 .9988 .9989 .9989 .9989 29990  .9990
3.1 9990 .9991 .9991 9991 9992 .9992 .9992 .9992 9993 .9993
32 9993 .9993 .9994 .9994 .9994 .9994 .9994 .9995 9995 9995
33 9995 .9995 .9995 .9996 9996 .9996 .9996 .9996 9996 9997
34 9997 .9997 .9997 .9997 .9997 .9997 .9997 .9997 29997 9998
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Table entry for p and

C is the point #* with Probability p
probability p lying
above it and
probability C lying
between —f* and r*.
t*
Table B ¢ distribution critical values
Tail probability p
df 25 .20 15 .10 .05 .025 .02 .01 .005 .0025 .001 .0005
1 1.000 1.376 1.963 3.078 6.314 12.71 15.89 31.82 63.66 127.3 318.3 636.6
2 .816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 22.33 31.60
3 765 978 1.250 1.638 2.353 3.182 3.482 4.541 5.841 7.453 10.21 12.92
4 741 941 1.190 1.533 2.132 2.776 2.999 3.747 4.604 5.598 7.173 8.610
5 127 920 1.156 1.476 2.015 2.571 2.757 3.365 4.032 4.773 5.893 6.869
6 718 .906 1.134 1.440 1.943 2.447 2.612 3.143 3.707 4.317 5.208 5.959
7 11 .896 1.119 1.415 1.895 2.365 2.517 2.998 3.499 4.029 4.785 5.408
8 106 .889 1.108 1.397 1.860 2.306 2.449 2.896 3.355 3.833 4.501 5.041
9 703 .883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781
10 700 .879 1.093 1.372 1.812 2.228 2.359 2.764 3.169 3.581 4.144 4.587
11 .697 .876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4.437
12 .695 .873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3.930 4.318
13 .694 .870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3.372 3.852 4.221
14 .692 .868 1.076 1.345 1.761 2.145 2.264 2.624 2.977 3.326 3.787 4.140
15 .691 .866 1.074 1.341 1.753 2.131 2.249 2.602 2.947 3.286 3.733 4.073
16 .690 .865 1.071 1.337 1.746 2.120 2.235 2.583 2.921 3.252 3.686 4.015
17 .689 .863 1.069 1.333 1.740 2.110 2.224 2.567 2.898 3.222 3.646 3.965
18 .688 .862 1.067 1.330 1.734 2.101 2.214 2.552 2.878 3.197 3.611 3.922
19 .688 .861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883
20 .687 .860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850
21 .686 .859 1.063 1.323 1.721 2.080 2.189 2.518 2.831 3.135 3.527 3.819
22 .686 .858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792
23 .685 .858 1.060 1.319 1.714 2.069 2.177 2.500 2.807 3.104 3.485 3.768
24 .685 .857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745
25 .684 .856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725
26 .684 .856 1.058 1.315 1.706 2.056 2.162 2.479 2.779 3.067 3.435 3.707
27 .684 .855 1.057 1.314 1.703 2.052 2.158 2.473 2.771 3.057 3.421 3.690
28 .683 .855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674
29 .683 .854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.396 3.659
30 .683 .854 1.055 1.310 1.697 2.042 2.147 2.457 2.750 3.030 3.385 3.646
40 .681 .851 1.050 1.303 1.684 2.021 2.123 2.423 2.704 2.971 3.307 3.551
50 .679 .849 1.047 1.299 1.676 2.009 2.109 2.403 2.678 2.937 3.261 3.496
60 .679 .848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2.915 3.232 3.460
80 .678 .846 1.043 1.292 1.664 1.990 2.088 2.374 2.639 2.887 3.195 3.416
100 .677 .845 1.042 1.290 1.660 1.984 2.081 2.364 2.626 2.871 3.174 3.390
1000 .675 .842 1.037 1.282 1.646 1.962 2.056 2.330 2.581 2.813 3.098 3.300
S .674 .841 1.036 1.282 1.645 1.960 2.054 2.326 2.576 2.807 3.091 3.291
50% 60% 70% 80% 90% 95% 96% 98% 99% 99.5% 99.8% 99.9%

Confidence level C
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Probability p
Table entry for p is the point
( 12) with probability p lying
above it.
1
)
Table C 42 critical values
Tail probability p
df .25 .20 .15 .10 .05 .025 .02 .01 .005 .0025  .001 .0005
1 1.32 1.64 2.07 2.71 3.84 5.02 5.41 6.63 7.88 9.14  10.83 12.12
2 271 322 3.79 4.61 5.99 7.38 7.82 9.21 10.60 11.98 13.82 15.20
3 4.11 4.64 5.32 6.25 7.81 9.35 9.84 11.34 12.84 1432  16.27 17.73
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 1642 18.47 20.00
5 6.63 7.29 8.12 9.24 11.07 12.83 13.39 15.09 16.75 18.39  20.51 22.11
6 7.84 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.55 20.25 2246 24.10
7 9.04 9.80 10.75 12.02 14.07 16.01 16.62 18.48 20.28 22.04 2432 26.02
8 10.22 11.03 12.03 13.36 15.51 17.53 18.17 20.09 21.95 2377  26.12 27.87
9 11.39 12.24 13.29 14.68 16.92 19.02 19.68 21.67 23.59 2546  27.88 29.67
10 12.55 13.44 14.53 15.99 18.31 20.48 21.16 23.21 25.19 27.11  29.59 31.42
11 13.70 14.63 15.77 17.28 19.68 21.92 22.62 24.72 26.76 28.73  31.26 33.14
12 14.85 15.81 16.99 18.55 21.03 23.34 24.05 26.22 28.30 3032 32091 34.82
13 15.98 16.98 18.20 19.81 22.36 24.74 25.47 27.69 29.82 31.88 3453 36.48
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 29.14 31.32 3343  36.12 38.11
15 18.25 19.31 20.60 22.31 25.00 27.49 28.26 30.58 32.80 3495  37.70 39.72
16 19.37 20.47 21.79 23.54 26.30 28.85 29.63 32.00 34.27 36.46  39.25 41.31
17 20.49 21.61 22.98 24.77 27.59 30.19 31.00 33.41 35.72 37.95  40.79 42.88
18 21.60 22.76 24.16 25.99 28.87 31.53 32.35 34.81 37.16 39.42 4231 44.43
19 22.72 23.90 25.33 27.20 30.14 32.85 33.69 36.19 38.58 40.88  43.82 45.97
20 23.83 25.04 26.50 28.41 31.41 34.17 35.02 37.57 40.00 4234 4531 47.50
21 24.93 26.17 27.66 29.62 32.67 35.48 36.34 38.93 41.40 4378  46.80 49.01
22 26.04 27.30 28.82 30.81 33.92 36.78 37.66 40.29 42.80 4520  48.27 50.51
23 27.14 28.43 29.98 32.01 35.17 38.08 38.97 41.64 44.18 46.62  49.73 52.00
24 28.24 29.55 31.13 33.20 36.42 39.36 40.27 42.98 45.56 48.03  51.18 53.48
25 29.34 30.68 32.28 34.38 37.65 40.65 41.57 4431 46.93 4944  52.62 54.95
26 30.43 31.79 33.43 35.56 38.89 41.92 42.86 45.64 48.29 50.83  54.05 56.41
27 31.53 3291 34.57 36.74 40.11 43.19 44.14 46.96 49.64 5222 5548 57.86
28 32.62 34.03 35.71 37.92 41.34 44.46 45.42 48.28 50.99 53.59  56.89 59.30
29 33.71 35.14 36.85 39.09 42.56 45.72 46.69 49.59 52.34 5497  58.30 60.73
30 34.80 36.25 37.99 40.26 43.77 46.98 47.96 50.89 53.67 56.33  59.70 62.16
40 45.62 47.27 49.24 51.81 55.76 59.34 60.44 63.69 66.77 69.70  73.40 76.09
50 56.33 58.16 60.35 63.17 67.50 71.42 72.61 76.15 79.49 82.66  86.66 89.56
60 66.98 68.97 71.34 74.40 79.08 83.30 84.58 88.38 91.95 9534  99.61 102.7
80 88.13 90.41 93.11 96.58  101.9 106.6 108.1 112.3 116.3 120.1 124.8 128.3
100 109.1 111.7 114.7 118.5 124.3 129.6 131.1 135.8 140.2 144.3 149.4 153.2
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Formulas

) Descriptive Statistics
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(II) Probability

P(A U B) = P(A) + P(B) — P(A N B)

P(A N B)

P(A|B) = B)

E(X)=py = le-pl-
) 2
V) =02 = 3{s -

If X has a binomial distribution with parameters 7 and p, then:

P(X = k) = (ij"a —pyik

Hx =np
o, =\ =p)
ngzp

o = |[PAL=P)

n

If x is the mean of a random sample of size n from an infinite
population with mean p and standard deviation o, then:

Uy =u

O— =
X

o
Jn
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(IIT)  Inferential Statistics

Standardized test statistic:

statistic —parameter

standard deviation of statistic

Confidence interval: statistic = (critical value) » (standard deviation of statistic)

Single-Sample

Statistic Standard Deviation
of Statistic
9
Sample Mean Jn
) p(1—-p)
Sample Proportion ~

Two-Sample

Standard Deviation

Statistic of Statistic
Difference of 0'12 o %
sample means —

nl nz

Special case when 0| = o,

N\

Difference of
sample proportions

n(d-pp) " p,(1—py)
n n

Special case when p, = p,

T, 1

p(l-p) P

Chi-square test statistic =

z (observed — expected )
expected
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STATISTICS
SECTION II
Part A
Questions 1-5
Spend about 65 minutes on this part of the exam.
Percent of Section II score—75

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

1. The scatterplot below displays the price in dollars and quality rating for 14 different sewing machines.

°
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5
8
50 »
°
40 o
0 $500 $1,000 $1,500 $2.000 $2.,500

Price (dollars)

(a) Describe the nature of the association between price and quality rating for the sewing machines.

(b) One of the 14 sewing machines substantially affects the appropriateness of using a linear regression model
to predict quality rating based on price. Report the approximate price and quality rating of that machine and
explain your choice.

(c) Chris is interested in buying one of the 14 sewing machines. He will consider buying only those machines
for which there is no other machine that has both higher quality and lower price. On the scatterplot
reproduced below, circle all data points corresponding to machines that Chris will consider buying.

°
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°
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Price (dollars)
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2. A charity fundraiser has a Spin the Pointer game that uses a spinner like the one illustrated in the figure below.

$0 | $1

A donation of $2 is required to play the game. For each $2 donation, a player spins the pointer once and receives
the amount of money indicated in the sector where the pointer lands on the wheel. The spinner has an equal
probability of landing in each of the 10 sectors.

(a) Let X represent the net contribution to the charity when one person plays the game once. Complete the table
for the probability distribution of X.

X $2 $1 -$8
P(x)

(b) What is the expected value of the net contribution to the charity for one play of the game?

(c) The charity would like to receive a net contribution of $500 from this game. What is the fewest number of
times the game must be played for the expected value of the net contribution to be at least $500 ?

(d) Based on last year’s event, the charity anticipates that the Spin the Pointer game will be played 1,000 times.
The charity would like to know the probability of obtaining a net contribution of at least $500 in 1,000 plays
of the game. The mean and standard deviation of the net contribution to the charity in 1,000 plays of the
game are $700 and $92.79, respectively. Use the normal distribution to approximate the probability that the
charity would obtain a net contribution of at least $500 in 1,000 plays of the game.

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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3. Independent random samples of 500 households were taken from a large metropolitan area in the United States
for the years 1950 and 2000. Histograms of household size (number of people in a household) for the years are
shown below.

1201

100t

801

601 Tl

401

Number of Households

201

o-——+———14—
o 2 4 6 8 10 12 14 16

Household Size in 1950

1201
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60T —

401

Number of Households

20t

o+t e e
o 2 4 6 8 10 12 14 16

Household Size in 2000

(a) Compare the distributions of household size in the metropolitan area for the years 1950 and 2000.

(b) A researcher wants to use these data to construct a confidence interval to estimate the change in mean
household size in the metropolitan area from the year 1950 to the year 2000. State the conditions for using a
two-sample t-procedure, and explain whether the conditions for inference are met.

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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4. A survey organization conducted telephone interviews in December 2008 in which 1,009 randomly selected
adults in the United States responded to the following question.

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

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

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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5. A recent report stated that less than 35 percent of the adult residents in a certain city will be able to pass a
physical fitness test. Consequently, the city’s Recreation Department is trying to convince the City Council to
fund more physical fitness programs. The council is facing budget constraints and is skeptical of the report. The
council will fund more physical fitness programs only if the Recreation Department can provide convincing
evidence that the report is true.

The Recreation Department plans to collect data from a sample of 185 adult residents in the city. A test of
significance will be conducted at a significance level of a = 0.05 for the following hypotheses.

Hy:p =035
H, : p <0.35,

where p is the proportion of adult residents in the city who are able to pass the physical fitness test.

(a) Describe what a Type II error would be in the context of the study, and also describe a consequence of
making this type of error.

(b) The Recreation Department recruits 185 adult residents who volunteer to take the physical fitness test. The
test is passed by 77 of the 185 volunteers, resulting in a p-value of 0.97 for the hypotheses stated above. If it
was reasonable to conduct a test of significance for the hypotheses stated above using the data collected
from the 185 volunteers, what would the p-value of 0.97 lead you to conclude?

(c) Describe the primary flaw in the study described in part (b), and explain why it is a concern.

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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STATISTICS
SECTION II
Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II score—25

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

6. Two students at a large high school, Peter and Rania, wanted to estimate u, the mean number of soft drinks that

a student at their school consumes in a week. A complete roster of the names and genders for the 2,000 students
at their school was available. Peter selected a simple random sample of 100 students. Rania, knowing that

60 percent of the students at the school are female, selected a simple random sample of 60 females and an
independent simple random sample of 40 males. Both asked all of the students in their samples how many soft
drinks they typically consume in a week.

(a) Describe a method Peter could have used to select a simple random sample of 100 students from the school.

Peter and Rania conducted their studies as described. Peter used the sample mean X asa point estimator for .
Rania used Xoverall = (0.6)§female + (O.4)§male as a point estimator for u, where Efemale is the mean of the

sample of 60 females and Xmale is the mean of the sample of 40 males.

Summary statistics for Peter’s data are shown in the table below.

Variable N Mean Standard
Deviation
Numbgr of 100 530 b 13
soft drinks

(b) Based on the summary statistics, calculate the estimated standard deviation of the sampling distribution
(sometimes called the standard error) of Peter’s point estimator X.

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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Summary statistics for Rania’s data are shown in the table below.

Variable Gender N Mean Staqdqrd
Deviation
Number of Female 60 2.90 1.80
soft drinks Male 40 7.45 2.22

(c) Based on the summary statistics, calculate the estimated standard deviation of the sampling distribution of
Rania’s point estimator Xoverall = (0.6) X female + (0.4)Xmale.

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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A dotplot of Peter’s sample data is given below.
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Comparative dotplots of Rania’s sample data are given below.
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(d) Using the dotplots above, explain why Rania’s point estimator has a smaller estimated standard deviation
than the estimated standard deviation of Peter’s point estimator.

STOP

END OF EXAM

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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Table A Standard normal probabilities

Table entry for z is the
probability lying below z.
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Probability

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
-34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
-32 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
-29 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
=217 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
=23 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
-24 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
-23 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
-2.2 .0139 .0136 .0132 .0129 0125 0122 .0119 .0116 .0113 0110
-2.1 .0179 .0174 .0170 .0166 .0162 .0158 .0154 .0150 .0146 .0143
-2.0 .0228 .0222 .0217 0212 .0207 .0202 .0197 .0192 .0188 0183
-1.9 .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
-1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
-1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 0367
-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
=155 .0668 .0655 .0643 .0630 0618 .0606 .0594 .0582 .0571 .0559
-14 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
-13 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
-1.2 1151 1131 1112 .1093 1075 .1056 .1038 .1020 .1003 .0985
—-1.1 1357 1335 1314 1292 1271 1251 1230 1210 .1190 1170
-1.0 .1587 1562 1539 1515 .1492 .1469 .1446 .1423 .1401 1379
-0.9 1841 1814 1788 1762 1736 1711 .1685 .1660 1635 1611
-0.8 2119 .2090 .2061 .2033 .2005 1977 .1949 1922 1894 .1867
-0.7 .2420 .2389 .2358 2327 .2296 .2266 2236 .2206 2177 2148
-0.6 2743 2709 2676 .2643 2611 2578 2546 2514 .2483 2451
-0.5 .3085 .3050 3015 .2981 .2946 2912 28717 .2843 2810 2776
-0.4 .3446 .3409 3372 .3336 .3300 .3264 3228 3192 3156 3121
-0.3 3821 3783 3745 3707 .3669 3632 3594 3557 3520 3483
-0.2 4207 4168 4129 4090 4052 4013 3974 .3936 .3897 3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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Probability
Table entry for z is the
probability lying below z.
Table A (Continued)

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 5160 5199 .5239 5279 5319 5359
0.1 .5398 .5438 5478 5517 .5557 .5596 .5636 5675 5714 5753
0.2 5793 .5832 5871 .5910 .5948 .5987 .6026 .6064 .6103 6141
0.3 .6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480 6517
0.4 .6554 .6591 .6628 .6664 .6700 .6736 6772 .6808 .6844 6879
0.5 .6915 .6950 .6985 7019 7054 .7088 7123 7157 7190 7224
0.6 1257 7291 7324 7357 7389 7422 7454 7486 7517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 7939 7967 7995 .8023 .8051 .8078 .8106  .8133
0.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365  .8389
1.0 .8413 .8438 .8461 .8485 .8508 .8531 .8554 .8577 .8599  .8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810  .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 .9066 .9082 .9099 9115 9131 9147 9162 9177
1.4 9192 .9207 .9222 .9236 9251 .9265 9279 9292 9306 9319
1.5 9332 .9345 9357 .9370 9382 .9394 .9406 9418 9429 9441
1.6 9452 .9463 9474 .9484 .9495 .9505 9515 9525 9535 9545
1.7 9554 .9564 .9573 .9582 9591 .9599 .9608 9616 9625 9633
1.8 9641 .9649 9656 9664 9671 9678 .9686 9693 9699 9706
1.9 9713 9719 .9726 9732 9738 9744 .9750 9756 9761 9767
2.0 9772 9778 9783 9788 9793 9798 .9803 .9808 9812 9817
2.1 9821 .9826 .9830 .9834 .9838 .9842 .9846 .9850 9854 9857
22 9861 .9864 .9868 9871 9875 9878 .9881 9884 9887 9890
2.3 9893 .9896 .9898 .9901 .9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 9922 .9925 .9927 .9929 9931 9932 9934 9936
25 .9938 .9940 .9941 .9943 .9945 .9946 .9948 .9949 9951 .9952
2.6 9953 .9955 .9956 .9957 .9959 .9960 9961 .9962 9963 9964
2.7 .9965 .9966 .9967 .9968 .9969 .9970 9971 .9972 9973 9974
2.8 9974 .9975 .9976 .9977 .9977 .9978 .9979 .9979 29980  .9981
29 9981 .9982 .9982 .9983 .9984 .9984 .9985 9985 9986 9986
3.0 9987 .9987 .9987 .9988 .9988 .9989 .9989 .9989 29990  .9990
3.1 9990 .9991 .9991 9991 9992 .9992 .9992 .9992 9993 .9993
32 9993 .9993 .9994 .9994 .9994 .9994 .9994 .9995 9995 9995
33 9995 .9995 .9995 .9996 9996 .9996 .9996 .9996 9996 9997
34 9997 .9997 .9997 .9997 .9997 .9997 .9997 .9997 29997 9998
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Table entry for p and

C is the point #* with Probability p
probability p lying
above it and
probability C lying
between —f* and r*.
t*
Table B ¢ distribution critical values
Tail probability p
df 25 .20 15 .10 .05 .025 .02 .01 .005 .0025 .001 .0005
1 1.000 1.376 1.963 3.078 6.314 12.71 15.89 31.82 63.66 127.3 318.3 636.6
2 .816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 22.33 31.60
3 765 978 1.250 1.638 2.353 3.182 3.482 4.541 5.841 7.453 10.21 12.92
4 741 941 1.190 1.533 2.132 2.776 2.999 3.747 4.604 5.598 7.173 8.610
5 127 920 1.156 1.476 2.015 2.571 2.757 3.365 4.032 4.773 5.893 6.869
6 718 .906 1.134 1.440 1.943 2.447 2.612 3.143 3.707 4.317 5.208 5.959
7 11 .896 1.119 1.415 1.895 2.365 2.517 2.998 3.499 4.029 4.785 5.408
8 106 .889 1.108 1.397 1.860 2.306 2.449 2.896 3.355 3.833 4.501 5.041
9 703 .883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781
10 700 .879 1.093 1.372 1.812 2.228 2.359 2.764 3.169 3.581 4.144 4.587
11 .697 .876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4.437
12 .695 .873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3.930 4.318
13 .694 .870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3.372 3.852 4.221
14 .692 .868 1.076 1.345 1.761 2.145 2.264 2.624 2.977 3.326 3.787 4.140
15 .691 .866 1.074 1.341 1.753 2.131 2.249 2.602 2.947 3.286 3.733 4.073
16 .690 .865 1.071 1.337 1.746 2.120 2.235 2.583 2.921 3.252 3.686 4.015
17 .689 .863 1.069 1.333 1.740 2.110 2.224 2.567 2.898 3.222 3.646 3.965
18 .688 .862 1.067 1.330 1.734 2.101 2.214 2.552 2.878 3.197 3.611 3.922
19 .688 .861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883
20 .687 .860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850
21 .686 .859 1.063 1.323 1.721 2.080 2.189 2.518 2.831 3.135 3.527 3.819
22 .686 .858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792
23 .685 .858 1.060 1.319 1.714 2.069 2.177 2.500 2.807 3.104 3.485 3.768
24 .685 .857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745
25 .684 .856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725
26 .684 .856 1.058 1.315 1.706 2.056 2.162 2.479 2.779 3.067 3.435 3.707
27 .684 .855 1.057 1.314 1.703 2.052 2.158 2.473 2.771 3.057 3.421 3.690
28 .683 .855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674
29 .683 .854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.396 3.659
30 .683 .854 1.055 1.310 1.697 2.042 2.147 2.457 2.750 3.030 3.385 3.646
40 .681 .851 1.050 1.303 1.684 2.021 2.123 2.423 2.704 2.971 3.307 3.551
50 .679 .849 1.047 1.299 1.676 2.009 2.109 2.403 2.678 2.937 3.261 3.496
60 .679 .848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2.915 3.232 3.460
80 .678 .846 1.043 1.292 1.664 1.990 2.088 2.374 2.639 2.887 3.195 3.416
100 .677 .845 1.042 1.290 1.660 1.984 2.081 2.364 2.626 2.871 3.174 3.390
1000 .675 .842 1.037 1.282 1.646 1.962 2.056 2.330 2.581 2.813 3.098 3.300
S .674 .841 1.036 1.282 1.645 1.960 2.054 2.326 2.576 2.807 3.091 3.291
50% 60% 70% 80% 90% 95% 96% 98% 99% 99.5% 99.8% 99.9%

Confidence level C
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Probability p
Table entry for p is the point
( 12) with probability p lying
above it.
1
)
Table C 42 critical values
Tail probability p
df .25 .20 .15 .10 .05 .025 .02 .01 .005 .0025  .001 .0005
1 1.32 1.64 2.07 2.71 3.84 5.02 5.41 6.63 7.88 9.14  10.83 12.12
2 271 322 3.79 4.61 5.99 7.38 7.82 9.21 10.60 11.98 13.82 15.20
3 4.11 4.64 5.32 6.25 7.81 9.35 9.84 11.34 12.84 1432  16.27 17.73
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 1642 18.47 20.00
5 6.63 7.29 8.12 9.24 11.07 12.83 13.39 15.09 16.75 18.39  20.51 22.11
6 7.84 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.55 20.25 2246 24.10
7 9.04 9.80 10.75 12.02 14.07 16.01 16.62 18.48 20.28 22.04 2432 26.02
8 10.22 11.03 12.03 13.36 15.51 17.53 18.17 20.09 21.95 2377  26.12 27.87
9 11.39 12.24 13.29 14.68 16.92 19.02 19.68 21.67 23.59 2546  27.88 29.67
10 12.55 13.44 14.53 15.99 18.31 20.48 21.16 23.21 25.19 27.11  29.59 31.42
11 13.70 14.63 15.77 17.28 19.68 21.92 22.62 24.72 26.76 28.73  31.26 33.14
12 14.85 15.81 16.99 18.55 21.03 23.34 24.05 26.22 28.30 3032 32091 34.82
13 15.98 16.98 18.20 19.81 22.36 24.74 25.47 27.69 29.82 31.88 3453 36.48
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 29.14 31.32 3343  36.12 38.11
15 18.25 19.31 20.60 22.31 25.00 27.49 28.26 30.58 32.80 3495  37.70 39.72
16 19.37 20.47 21.79 23.54 26.30 28.85 29.63 32.00 34.27 36.46  39.25 41.31
17 20.49 21.61 22.98 24.77 27.59 30.19 31.00 33.41 35.72 37.95  40.79 42.88
18 21.60 22.76 24.16 25.99 28.87 31.53 32.35 34.81 37.16 39.42 4231 44.43
19 22.72 23.90 25.33 27.20 30.14 32.85 33.69 36.19 38.58 40.88  43.82 45.97
20 23.83 25.04 26.50 28.41 31.41 34.17 35.02 37.57 40.00 4234 4531 47.50
21 24.93 26.17 27.66 29.62 32.67 35.48 36.34 38.93 41.40 4378  46.80 49.01
22 26.04 27.30 28.82 30.81 33.92 36.78 37.66 40.29 42.80 4520  48.27 50.51
23 27.14 28.43 29.98 32.01 35.17 38.08 38.97 41.64 44.18 46.62  49.73 52.00
24 28.24 29.55 31.13 33.20 36.42 39.36 40.27 42.98 45.56 48.03  51.18 53.48
25 29.34 30.68 32.28 34.38 37.65 40.65 41.57 4431 46.93 4944  52.62 54.95
26 30.43 31.79 33.43 35.56 38.89 41.92 42.86 45.64 48.29 50.83  54.05 56.41
27 31.53 3291 34.57 36.74 40.11 43.19 44.14 46.96 49.64 5222 5548 57.86
28 32.62 34.03 35.71 37.92 41.34 44.46 45.42 48.28 50.99 53.59  56.89 59.30
29 33.71 35.14 36.85 39.09 42.56 45.72 46.69 49.59 52.34 5497  58.30 60.73
30 34.80 36.25 37.99 40.26 43.77 46.98 47.96 50.89 53.67 56.33  59.70 62.16
40 45.62 47.27 49.24 51.81 55.76 59.34 60.44 63.69 66.77 69.70  73.40 76.09
50 56.33 58.16 60.35 63.17 67.50 71.42 72.61 76.15 79.49 82.66  86.66 89.56
60 66.98 68.97 71.34 74.40 79.08 83.30 84.58 88.38 91.95 9534  99.61 102.7
80 88.13 90.41 93.11 96.58  101.9 106.6 108.1 112.3 116.3 120.1 124.8 128.3
100 109.1 111.7 114.7 118.5 124.3 129.6 131.1 135.8 140.2 144.3 149.4 153.2
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Formulas

I Descriptive Statistics

Sy —\/—Zx—x
) (nl—l)s%+(n2—l)s%
v (m,= 1)+ (n, = 1)
y:b0+b1x
b :Z(xi_)_c)(yi_y)
1
Z(xi_x)z
b0=§—b1)_c
1 xX.—x\y.—-y
rzn—lz( lsx J[ lsy }
Sy
b1=l"§
~\2
(v, 9,)
5, = n—2
L)
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(II) Probability

P(A U B) = P(A) + P(B) — P(A N B)

P(A N B)

P(A|B) = o)

E(X)=py = le-pl-
Var(X) = 0')26 = Z(xl.— ux)z p;

If X has a binomial distribution with parameters 7 and p, then:

P(X = k) = (ij"a —pyk

Wx =np
o, =np(=p)
Mf, =P

If x is the mean of a random sample of size n from an infinite
population with mean p and standard deviation o, then:

Uy = U

O— =
X

o
Vn
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(IIT)  Inferential Statistics

Standardized test statistic:

statistic —parameter

standard deviation of statistic

Confidence interval: statistic = (critical value) » (standard deviation of statistic)

Single-Sample

Statistic

Standard Deviation
of Statistic

Sample Mean

s

Sample Proportion

/p(l - p)
n

Two-Sample

Standard Deviation

Statistic of Statistic
Difference of 0'12 o %
sample means — A

nl nz

Special case when o, = o,

\ny  m

Difference of
sample proportions

pid—pp) N pr(1—py)
n n,

Special case when p, = p,

T 1

p(l—=p) PR

Chi-square test statistic = z

(observed — expected)’
expected
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STATISTICS
SECTION II
Part A
Questions 1-5
Spend about 65 minutes on this part of the exam.
Percent of Section II score—75

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

1. An environmental group conducted a study to determine whether crows in a certain region were ingesting food
containing unhealthy levels of lead. A biologist classified lead levels greater than 6.0 parts per million (ppm) as
unhealthy. The lead levels of a random sample of 23 crows in the region were measured and recorded. The data
are shown in the stemplot below.

Lead Levels

8

0

588
112
688
012234
99

34

68

AN NN BB WL

Key: 2|8 = 2.8 ppm
(a) What proportion of crows in the sample had lead levels that are classified by the biologist as unhealthy?

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

© 2013 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
-6-



2013 AP° STATISTICS FREE-RESPONSE QUESTIONS

2. An administrator at a large university wants to conduct a survey to estimate the proportion of students who
are satisfied with the appearance of the university buildings and grounds. The administrator is considering
three methods of obtaining a sample of 500 students from the 70,000 students at the university.

(a) Because of financial constraints, the first method the administrator is considering consists of taking a
convenience sample to keep the expenses low. A very large number of students will attend the first football
game of the season, and the first 500 students who enter the football stadium could be used as a sample.
Why might such a sampling method be biased in producing an estimate of the proportion of students who
are satisfied with the appearance of the buildings and grounds?

(b) Because of the large number of students at the university, the second method the administrator is
considering consists of using a computer with a random number generator to select a simple random
sample of 500 students from a list of 70,000 student names. Describe how to implement such a method.

(c) Because stratification can often provide a more precise estimate than a simple random sample, the third
method the administrator is considering consists of selecting a stratified random sample of 500 students. The
university has two campuses with male and female students at each campus. Under what circumstance(s)
would stratification by campus provide a more precise estimate of the proportion of students who are
satisfied with the appearance of the university buildings and grounds than stratification by gender?

3. Each full carton of Grade A eggs consists of 1 randomly selected empty cardboard container and 12 randomly
selected eggs. The weights of such full cartons are approximately normally distributed with a mean of 840 grams
and a standard deviation of 7.9 grams.

(a) What is the probability that a randomly selected full carton of Grade A eggs will weigh more than
850 grams?

(b) The weights of the empty cardboard containers have a mean of 20 grams and a standard deviation of
1.7 grams. It is reasonable to assume independence between the weights of the empty cardboard containers
and the weights of the eggs. It is also reasonable to assume independence among the weights of the 12 eggs
that are randomly selected for a full carton.

Let the random variable X be the weight of a single randomly selected Grade A egg.
1) What is the mean of X ?
11) What is the standard deviation of X ?

© 2013 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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4. The Behavioral Risk Factor Surveillance System is an ongoing health survey system that tracks health conditions
and risk behaviors in the United States. In one of their studies, a random sample of 8,866 adults answered the
question “Do you consume five or more servings of fruits and vegetables per day?” The data are summarized by
response and by age-group in the frequency table below.

Age-Group (years) Yes No Total
18-34 231 741 972
35-54 669 2,242 2911
55 or older 1,291 3,692 4,983
Total 2,191 6,675 8,866

Do the data provide convincing statistical evidence that there is an association between age-group and whether
or not a person consumes five or more servings of fruits and vegetables per day for adults in the United States?

© 2013 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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5. Psychologists interested in the relationship between meditation and health conducted a study with a random
sample of 28 men who live in a large retirement community. Of the men in the sample, 11 reported that they
participate in daily meditation and 17 reported that they do not participate in daily meditation.

The researchers wanted to perform a hypothesis test of
Hy:p,—-p.=0
H,:p, —p. <0,
where p,, is the proportion of men with high blood pressure among all the men in the retirement community
who participate in daily meditation and p, is the proportion of men with high blood pressure among all the men
in the retirement community who do not participate in daily meditation.

(a) If the study were to provide significant evidence against H,, in favor of H,, would it be reasonable for the

psychologists to conclude that daily meditation causes a reduction in blood pressure for men in the
retirement community? Explain why or why not.

The psychologists found that of the 11 men in the study who participate in daily meditation, O had high blood
pressure. Of the 17 men who do not participate in daily meditation, 8 had high blood pressure.

(b) Let p,, represent the proportion of men with high blood pressure among those in a random sample of 11
who meditate daily, and let p, represent the proportion of men with high blood pressure among those in a
random sample of 17 who do not meditate daily. Why is it not reasonable to use a normal approximation for
the sampling distribution of p,, — p,?

Although a normal approximation cannot be used, it is possible to simulate the distribution of p,, — p, . Under

the assumption that the null hypothesis is true, 10,000 values of p,, — p. were simulated. The histogram below

shows the results of the simulation.

3,500 3,266
3,000

2,481

2,500 2,220
2,000 H
1,500 —

1,000 718 — —

500 - - =
76 26 g

O ! ! ! I !

I I | |
-047 -032 -0.17 -0.02 0.13 028 043 058 0.73
ﬁm - ﬁc

Frequency

1,020

(c) Based on the results of the simulation, what can be concluded about the relationship between blood pressure
and meditation among men in the retirement community?

© 2013 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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-9-



2013 AP° STATISTICS FREE-RESPONSE QUESTIONS

STATISTICS
SECTION II
Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II score—25

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

6. Tropical storms in the Pacific Ocean with sustained winds that exceed 74 miles per hour are called typhoons.
Graph A below displays the number of recorded typhoons in two regions of the Pacific Ocean—the Eastern
Pacific and the Western Pacific—for the years from 1997 to 2010.

40

35

25

Yearly Frequency

GRAPH A

30t

/Wcstcrn Pacific

20

Eastern Pacific

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Year

(a) Compare the distributions of yearly frequencies of typhoons for the two regions of the Pacific Ocean for the
years from 1997 to 2010.

(b) For each region, describe how the yearly frequencies changed over the time period from 1997 to 2010.

© 2013 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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A moving average for data collected at regular time increments is the average of data values for two or more
consecutive increments. The 4-year moving averages for the typhoon data are provided in the table below. For
example, the Eastern Pacific 4-year moving average for 2000 is the average of 22, 16, 15, and 21, which is equal

to 18.50.

Number of Eastern Pacific Number of Western Pacific

Year Typhoons in the 4-year moving Typhoons in the 4-year moving
Eastern Pacific average Western Pacific average

1997 22 33
1998 16 27
1999 15 36
2000 21 18.50 37 33.25
2001 19 17.75 37 34.25
2002 19 18.50 39 37.25
2003 17 19.00 30 35.75
2004 17 18.00 34 35.00
2005 17 17.50 26 32.25
2006 25 19.00 34 31.00
2007 19 19.50 28 30.50
2008 20 20.25 27 28.75
2009 23 21.75 28 29.25
2010 18 20.00 18

(c) Show how to calculate the 4-year moving average for the year 2010 in the Western Pacific. Write your value
in the appropriate place in the table.

© 2013 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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(d) Graph B below shows both yearly frequencies (connected by dashed lines) and the respective 4-year moving
averages (connected by solid lines). Use your answer in part (c) to complete the graph.

GRAPH B
40

- 8 Western Pacific
35 / 4-year moving average

30t

201

Yearly Frequency
S
N

15+ B o Eastern Pacific

4-year moving average

10 - : - : - : : : - : - : - -
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Year

(e) Consider graph B.

i) What information is more apparent from the plots of the 4-year moving averages than from the plots of
the yearly frequencies of typhoons?

ii) What information is less apparent from the plots of the 4-year moving averages than from the plots of
the yearly frequencies of typhoons?

STOP

END OF EXAM

© 2013 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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Table A Standard normal probabilities

Table entry for z is the
probability lying below z.

2013 AP° STATISTICS FREE-RESPONSE QUESTIONS

Probability

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
-34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
-32 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
-29 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
=27 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
=23 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
-24 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
-23 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
-2.2 .0139 .0136 .0132 .0129 0125 0122 .0119 .0116 .0113 0110
-2.1 .0179 .0174 .0170 .0166 .0162 .0158 .0154 .0150 .0146 .0143
-2.0 .0228 .0222 .0217 0212 .0207 .0202 .0197 .0192 .0188 0183
—1.9 .0287 .0281 .0274 .0268 0262 .0256 .0250 .0244 .0239 .0233
-1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
-1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367
-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
=155 .0668 .0655 .0643 .0630 0618 .0606 .0594 .0582 .0571 .0559
-14 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 0681
-13 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 0823
-1.2 1151 1131 1112 .1093 1075 .1056 .1038 .1020 .1003 .0985
—-1.1 1357 1335 1314 1292 1271 1251 1230 1210 .1190 1170
-1.0 1587 1562 1539 1515 .1492 .1469 .1446 .1423 .1401 1379
-0.9 .1841 1814 1788 1762 1736 1711 .1685 .1660 .1635 1611
-0.8 2119 .2090 2061 .2033 .2005 1977 .1949 1922 .1894 1867
-0.7 .2420 .2389 2358 2327 .2296 .2266 2236 .2206 2177 2148
-0.6 2743 2709 2676 .2643 2611 2578 2546 2514 .2483 2451
-0.5 .3085 .3050 3015 .2981 .2946 2912 28717 .2843 2810 2776
-0.4 .3446 .3409 3372 .3336 .3300 .3264 3228 3192 3156 3121
-0.3 3821 3783 3745 3707 .3669 3632 3594 3557 .3520 3483
-0.2 4207 4168 4129 4090 4052 4013 3974 .3936 .3897 .3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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Probability
Table entry for z is the
probability lying below z.
4
Table A (Continued)

z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 .5160 5199 .5239 .5279 5319 5359
0.1 .5398 .5438 5478 5517 .5557 .5596 .5636 5675 5714 5753
0.2 5793 .5832 5871 .5910 .5948 .5987 .6026 .6064 .6103  .6141
0.3 6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480  .6517
0.4 .6554 .6591 .6628 .6664 .6700 .6736 6772 .6808 .6844 6879
0.5 .6915 .6950 .6985 7019 7054 7088 7123 7157 7190 7224
0.6 1257 7291 7324 7357 7389 7422 7454 .7486 517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 7939 7967 71995 .8023 .8051 .8078 .8106  .8133
0.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365  .8389
1.0 .8413 .8438 .8461 .8485 .8508 .8531 .8554 .8577 .8599  .8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810  .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 .9066 .9082 9099 9115 9131 9147 9162 9177
1.4 9192 .9207 9222 .9236 9251 .9265 9279 .9292 9306 9319
1.5 9332 .9345 .9357 .9370 9382 .9394 .9406 9418 9429 9441
1.6 9452 .9463 9474 9484 .9495 .9505 9515 9525 9535 9545
1.7 9554 .9564 .9573 .9582 9591 .9599 .9608 9616 9625 9633
1.8 9641 .9649 9656 9664 9671 9678 .9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 9793 9798 .9803 .9808 9812 9817
2.1 9821 .9826 .9830 9834 9838 .9842 .9846 .9850 9854 9857
22 9861 .9864 .9868 9871 9875 9878 9881 9884 9887 9890
23 9893 .9896 .9898 .9901 9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 9922 .9925 9927 .9929 9931 .9932 9934 9936
2.5 9938 .9940 .9941 .9943 .9945 .9946 .9948 9949 9951 .9952
2.6 9953 .9955 .9956 .9957 .9959 .9960 9961 .9962 9963 9964
2.7 9965 .9966 .9967 .9968 9969 .9970 9971 9972 9973 9974
2.8 9974 .9975 .9976 9977 9977 .9978 .9979 9979 29980  .9981
29 9981 .9982 .9982 .9983 9984 .9984 .9985 9985 9986  .9986
3.0 9987 .9987 .9987 .9988 9988 .9989 .9989 .9989 29990 9990
3.1 9990 9991 9991 .9991 9992 .9992 .9992 9992 29993 9993
32 .9993 .9993 .9994 .9994 9994 .9994 .9994 .9995 9995 9995
33 9995 .9995 .9995 .9996 9996 .9996 .9996 9996 9996 9997
3.4 9997 9997 .9997 .9997 9997 .9997 .9997 9997 29997 9998
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Table entry for p and

C is the point * with Probability p
probability p lying
above it and
probability C lying
between —t* and r*.
t*
Table B ¢ distribution critical values
Tail probability p
df 25 .20 15 .10 .05 .025 .02 .01 .005 .0025 .001 .0005
1 1.000 1.376 1.963 3.078 6.314 12.71 15.89 31.82 63.66 127.3 318.3 636.6
2 816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 22.33 31.60
3 765 978 1.250 1.638 2.353 3.182 3.482 4.541 5.841 7.453 10.21 12.92
4 741 941 1.190 1.533 2.132 2.776 2.999 3.747 4.604 5.598 7.173 8.610
5 127 920 1.156 1.476 2.015 2.571 2.757 3.365 4.032 4.773 5.893 6.869
6 718 906 1.134 1.440 1.943 2.447 2.612 3.143 3.707 4.317 5.208 5.959
7 11 .896 1.119 1.415 1.895 2.365 2.517 2.998 3.499 4.029 4.785 5.408
8 706 .889 1.108 1.397 1.860 2.306 2.449 2.896 3.355 3.833 4.501 5.041
9 703 .883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781
10 700 879 1.093 1.372 1.812 2.228 2.359 2.764 3.169 3.581 4.144 4.587
11 .697 .876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4.437
12 .695 .873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3.930 4.318
13 .694 .870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3.372 3.852 4.221
14 .692 .868 1.076 1.345 1.761 2.145 2.264 2.624 2.977 3.326 3.787 4.140
15 .691 .866 1.074 1.341 1.753 2.131 2.249 2.602 2.947 3.286 3.733 4.073
16 .690 .865 1.071 1.337 1.746 2.120 2.235 2.583 2.921 3.252 3.686 4.015
17 .689 .863 1.069 1.333 1.740 2.110 2.224 2.567 2.898 3.222 3.646 3.965
18 .688 .862 1.067 1.330 1.734 2.101 2.214 2.552 2.878 3.197 3.611 3.922
19 .688 .861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883
20 .687 .860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850
21 .686 .859 1.063 1.323 1.721 2.080 2.189 2.518 2.831 3.135 3.527 3.819
22 .686 .858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792
23 .685 .858 1.060 1.319 1.714 2.069 2.177 2.500 2.807 3.104 3.485 3.768
24 .685 .857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745
25 .684 .856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725
26 .684 .856 1.058 1.315 1.706 2.056 2.162 2.479 2.779 3.067 3.435 3.707
27 .684 .855 1.057 1.314 1.703 2.052 2.158 2.473 2.771 3.057 3.421 3.690
28 .683 855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674
29 .683 854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.396 3.659
30 .683 854 1.055 1.310 1.697 2.042 2.147 2.457 2.750 3.030 3.385 3.646
40 .681 851 1.050 1.303 1.684 2.021 2.123 2423 2.704 2971 3.307 3.551
50 .679 .849 1.047 1.299 1.676 2.009 2.109 2.403 2.678 2.937 3.261 3.496
60 .679 .848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2915 3.232 3.460
80 .678 .846 1.043 1.292 1.664 1.990 2.088 2.374 2.639 2.887 3.195 3416
100 .677 .845 1.042 1.290 1.660 1.984 2.081 2.364 2.626 2.871 3.174 3.390
1000 .675 .842 1.037 1.282 1.646 1.962 2.056 2.330 2.581 2.813 3.098 3.300
o0 .674 .841 1.036 1.282 1.645 1.960 2.054 2.326 2.576 2.807 3.091 3.291
50% 60% 70% 80% 90% 95% 96% 98% 99% 99.5% 99.8% 99.9%

Confidence level C
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Probability p
Table entry for p is the point
(x?) with probability p lying
above it.
1
)
Table C 42 critical values
Tail probability p
df .25 .20 .15 .10 .05 .025 .02 .01 .005 .0025  .001 .0005
1 1.32 1.64 2.07 2.71 3.84 5.02 541 6.63 7.88 9.14 10.83 12.12
2 2.77 3.22 3.79 4.61 5.99 7.38 7.82 9.21 10.60 11.98  13.82 15.20
3 4.11 4.64 5.32 6.25 7.81 9.35 9.84 11.34 12.84 14.32 16.27 17.73
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 1642 1847 20.00
5 6.63 7.29 8.12 9.24 11.07 12.83 13.39 15.09 16.75 18.39 20.51 22.11
6 7.84 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.55 20.25  22.46 24.10
7 9.04 9.80 10.75 12.02 14.07 16.01 16.62 18.48 20.28 22.04 24.32 26.02
8 10.22 11.03 12.03 13.36 15.51 17.53 18.17 20.09 21.95 23.77  26.12 27.87
9 11.39 12.24 13.29 14.68 16.92 19.02 19.68 21.67 23.59 25.46 27.88 29.67
10 12.55 13.44 14.53 15.99 18.31 20.48 21.16 23.21 25.19 27.11  29.59 31.42
11 13.70 14.63 15.77 17.28 19.68 21.92 22.62 24.72 26.76 28.73 31.26 33.14
12 14.85 15.81 16.99 18.55 21.03 23.34 24.05 26.22 28.30 3032 3291 34.82
13 15.98 16.98 18.20 19.81 22.36 24.74 25.47 27.69 29.82 31.88 34.53 36.48
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 29.14 31.32 3343 36.12 38.11
15 18.25 19.31 20.60 22.31 25.00 27.49 28.26 30.58 32.80 34.95 37.70 39.72
16 19.37 20.47 21.79 23.54 26.30 28.85 29.63 32.00 34.27 36.46 39.25 41.31
17 20.49 21.61 22.98 24.77 27.59 30.19 31.00 3341 35.72 37.95  40.79 42.88
18 21.60 22.76 24.16 25.99 28.87 31.53 32.35 34.81 37.16 39.42 42.31 44.43
19 22.72 23.90 25.33 27.20 30.14 32.85 33.69 36.19 38.58 40.88  43.82 45.97
20 23.83 25.04 26.50 28.41 31.41 34.17 35.02 37.57 40.00 4234 4531 47.50
21 24.93 26.17 27.66 29.62 32.67 35.48 36.34 38.93 41.40 4378  46.80 49.01
22 26.04 27.30 28.82 30.81 33.92 36.78 37.66 40.29 42.80 4520  48.27 50.51
23 27.14 28.43 29.98 32.01 35.17 38.08 38.97 41.64 44.18 46.62  49.73 52.00
24 28.24 29.55 31.13 33.20 36.42 39.36 40.27 42.98 45.56 48.03 51.18 53.48
25 29.34 30.68 32.28 34.38 37.65 40.65 41.57 4431 46.93 4944  52.62 54.95
26 30.43 31.79 3343 35.56 38.89 41.92 42.86 45.64 48.29 50.83  54.05 56.41
27 31.53 3291 34.57 36.74 40.11 43.19 44.14 46.96 49.64 5222 5548 57.86
28 32.62 34.03 35.71 37.92 41.34 44.46 45.42 48.28 50.99 53.59 56.89 59.30
29 33.71 35.14 36.85 39.09 42.56 45.72 46.69 49.59 52.34 5497  58.30 60.73
30 34.80 36.25 37.99 40.26 43.77 46.98 47.96 50.89 53.67 56.33  59.70 62.16
40 45.62 47.27 49.24 51.81 55.76 59.34 60.44 63.69 66.77 69.70  73.40 76.09
50 56.33 58.16 60.35 63.17 67.50 71.42 72.61 76.15 79.49 82.66  86.66 89.56
60 66.98 68.97 71.34 74.40 79.08 83.30 84.58 88.38 91.95 9534 99.61 102.7
80 88.13 90.41 93.11 96.58  101.9 106.6 108.1 1123 116.3 120.1 124.8 128.3
100 109.1 111.7 114.7 118.5 1243 129.6 131.1 135.8 140.2 1443 1494 153.2
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Formulas

I Descriptive Statistics

Sy —\/—Zx—x
) (nl—l)s%+(n2—l)s%
v (m,= 1)+ (n, = 1)
y:b0+b1x
b :Z(xi_)_c)(yi_y)
1
Z(xi_x)z
b0=§—b1)_c
1 xX.—x\y.—-y
rzn—lz( lsx J[ lsy }
Sy
b1=l"§
~\2
(v, 9,)
5, = n—2
L)
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(II) Probability

P(A U B) = P(A) + P(B) — P(A N B)

P(A N B)

P(A|B) = o)

E(X)=py = le-pl-
Var(X) = 0')26 = Z(xl.— ux)z p;

If X has a binomial distribution with parameters 7 and p, then:

P(X = k) = (ij"a —pyk

Wx =np
o, =np(=p)
ng =p

If x is the mean of a random sample of size n from an infinite
population with mean p and standard deviation o, then:

Uy = U

O— =
X

o
Vn



2014 AP° STATISTICS FREE-RESPONSE QUESTIONS

(IIT)  Inferential Statistics

Standardized test statistic:

statistic —parameter

standard deviation of statistic

Confidence interval: statistic = (critical value) » (standard deviation of statistic)

Single-Sample

Statistic

Standard Deviation
of Statistic

Sample Mean

s

Sample Proportion

/p(l -p)
n

Two-Sample

Standard Deviation

Statistic of Statistic
Difference of 0'12 o %
sample means — A

nl nz

Special case when o, = o,

\ny  m

Difference of
sample proportions

pid—pp) N pr(1—py)
n n,

Special case when p, = p,

T 1

p(l-=p) PR

Chi-square test statistic = z

(observed — expected)’
expected
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STATISTICS
SECTION II
Part A
Questions 1-5
Spend about 65 minutes on this part of the exam.
Percent of Section II score—75

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

1. An administrator at a large university is interested in determining whether the residential status of a student is
associated with level of participation in extracurricular activities. Residential status is categorized as on campus
for students living in university housing and off campus otherwise. A simple random sample of 100 students in
the university was taken, and each student was asked the following two questions.

e Are you an on campus student or an off campus student?
e In how many extracurricular activities do you participate?

The responses of the 100 students are summarized in the frequency table shown.

Residential Status
Level of Participation in
Extracurricular Il)kctivities Org@npus Off campuy Tl
No activities 9 30 39
One activity 17 25 42
Two or more activities 7 12 19
Total 33 67 100

(a) Calculate the proportion of on campus students in the sample who participate in at least one extracurricular
activity and the proportion of off campus students in the sample who participate in at least one
extracurricular activity.

On campus proportion:
Off campus proportion:

The responses of the 100 students are summarized in the segmented bar graph shown.

On campus B None
O One
Off campus [J Two or more

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

L
T

(b) Write a few sentences summarizing what the graph reveals about the association between residential status
and level of participation in extracurricular activities among the 100 students in the sample.

© 2014 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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(c) After verifying that the conditions for inference were satisfied, the administrator performed a chi-square test
of the following hypotheses.

H,, : There is no association between residential status and level of participation in extracurricular activities

among the students at the university.

H, : There is an association between residential status and level of participation in extracurricular activities
among the students at the university.

The test resulted in a p-value of 0.23. Based on the p-value, what conclusion should the administrator make?

© 2014 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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2. Nine sales representatives, 6 men and 3 women, at a small company wanted to attend a national convention.
There were only enough travel funds to send 3 people. The manager selected 3 people to attend and stated that
the people were selected at random. The 3 people selected were women. There were concerns that no men were
selected to attend the convention.

(a) Calculate the probability that randomly selecting 3 people from a group of 6 men and 3 women will result
in selecting 3 women.

(b) Based on your answer to part (a), is there reason to doubt the manager’s claim that the 3 people were
selected at random? Explain.

(c) An alternative to calculating the exact probability is to conduct a simulation to estimate the probability.
A proposed simulation process is described below.

Each trial in the simulation consists of rolling three fair, six-sided dice, one die for each
of the convention attendees. For each die, rolling a 1, 2, 3, or 4 represents selecting a
man; rolling a 5 or 6 represents selecting a woman. After 1,000 trials, the number of
times the dice indicate selecting 3 women is recorded.

Does the proposed process correctly simulate the random selection of 3 women from a group of 9 people
consisting of 6 men and 3 women? Explain why or why not.

3. Schools in a certain state receive funding based on the number of students who attend the school. To
determine the number of students who attend a school, one school day is selected at random and the number
of students in attendance that day is counted and used for funding purposes. The daily number of absences at
High School A in the state is approximately normally distributed with mean of 120 students and
standard deviation of 10.5 students.

(a) If more than 140 students are absent on the day the attendance count is taken for funding purposes, the
school will lose some of its state funding in the subsequent year. Approximately what is the probability
that High School A will lose some state funding?

(b) The principals’ association in the state suggests that instead of choosing one day at random, the state should
choose 3 days at random. With the suggested plan, High School A would lose some of its state funding in
the subsequent year if the mean number of students absent for the 3 days is greater than 140. Would High
School A be more likely, less likely, or equally likely to lose funding using the suggested plan compared
to the plan described in part (a)? Justify your choice.

(c) A typical school week consists of the days Monday, Tuesday, Wednesday, Thursday, and Friday. The
principal at High School A believes that the number of absences tends to be greater on Mondays and
Fridays, and there is concern that the school will lose state funding if the attendance count occurs on
a Monday or Friday. If one school day is chosen at random from each of 3 typical school weeks, what
is the probability that none of the 3 days chosen is a Tuesday, Wednesday, or Thursday?

© 2014 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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4. As part of its twenty-fifth reunion celebration, the class of 1988 (students who graduated in 1988) at a state
university held a reception on campus. In an informal survey, the director of alumni development asked 50 of
the attendees about their incomes. The director computed the mean income of the 50 attendees to be $189,952.
In a news release, the director announced, “The members of our class of 1988 enjoyed resounding success.
Last year’s mean income of its members was $189,952!”

(a) What would be a statistical advantage of using the median of the reported incomes, rather than the mean,
as the estimate of the typical income?

(b) The director felt the members who attended the reception may be different from the class as a whole.
A more detailed survey of the class was planned to find a better estimate of the income as well as other
facts about the alumni. The staff developed two methods based on the available funds to carry out the
survey.

Method 1: Send out an e-mail to all 6,826 members of the class asking them to complete an online form.
The staff estimates that at least 600 members will respond.

Method 2: Select a simple random sample of members of the class and contact the selected members
directly by phone. Follow up to ensure that all responses are obtained. Because method 2 will
require more time than method 1, the staff estimates that only 100 members of the class could be
contacted using method 2.

Which of the two methods would you select for estimating the average yearly income of all 6,826 members
of the class of 1988 ? Explain your reasoning by comparing the two methods and the effect of each method
on the estimate.

© 2014 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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5. A researcher conducted a study to investigate whether local car dealers tend to charge women more than men for
the same car model. Using information from the county tax collector’s records, the researcher randomly selected
one man and one woman from among everyone who had purchased the same model of an identically equipped
car from the same dealer. The process was repeated for a total of 8 randomly selected car models.

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

Car model 1 2 3 4 5 6 7 8

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

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

Difference $520 -$100 $900 $200 -$10 $1,200 $1,300 $670
Mean Standard Deviation

Women $25,926.25 $9,846.61

Men $25,341.25 $9,728.60

Difference $585.00 $530.71

Dotplots of the data and the differences are shown below.

@ O 00 o o o
Women . : : : : :
$20  $25  $30 $35 $40 $45
@ ooo o ) o
Men - i . - - :
$20  $25 $30 $35 540 %45
Purchase Price (in thousands of dollars)
o o ) o o o o o
50 $500 $1000

Difference in Purchase Price
(woman — man, in dollars)

Do the data provide convincing evidence that, on average, women pay more than men in the county for the same
car model?

© 2014 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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STATISTICS

SECTION 11
Part B

Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II score—25

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

6. Jamal is researching the characteristics of a car that might be useful in predicting the fuel consumption rate
(FCR); that is, the number of gallons of gasoline that the car requires to travel 100 miles under conditions of
typical city driving. The length of a car is one explanatory variable that can be used to predict FCR. Graph I
is a scatterplot showing the lengths of 66 cars plotted with the corresponding FCR. One point on the graph is
labeled A.

GRAPH 1
8+
. .
?__ [ ]
[ ] -l 8 L
® &80 [ ]
61 ° Ao e o ® °
> oo . ®e
O . eee ™
= 5+ o . e ¢ w®o o
° ececee o
° L ] [ N
o e oo
41 - e o
H
3+ ° .

150 160 170 180 190 200 210

Length (inches)

Jamal examined the scatterplot and determined that a linear model would be a reasonable way to express the
relationship between FCR and length. A computer output from a linear regression is shown below.

Linear Fit
FCR = —1.595789 + 0.0372614 * Length

Summary of Fit

RSquare 0.250401
Root Mean Square Error ~ 0.902382
Observations 66

(a) The point on the graph labeled A represents one car of length 175 inches and an FCR of 5.88. Calculate
and interpret the residual for the car relative to the least squares regression line.

© 2014 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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Jamal knows that it is possible to predict a response variable using more than one explanatory variable. He wants
to see if he can improve the original model of predicting FCR from length by including a second explanatory
variable in addition to length. He is considering including engine size, in liters, or wheel base (the length
between axles), in inches. Graph Il is a scatterplot showing the engine size of the 66 cars plotted with the
corresponding residuals from the regression of FCR on length. Graph III is a scatterplot showing the wheel

base of the 66 cars plotted with the corresponding residuals from the regression of FCR on length.

Residuals from Regresssion of FCR on Length

GRAPH II GRAPH III
=
2.57 w257
. z .
2.0+ * ﬁ 2.0+ ®
154 . . * ~ 15} . . ¢
* o _o° 1 °3.
Lot * Ae %o S 10t . . o*
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0.0 ey o 8 500 e g Ba
] [ ] (=11 ™ [ ]
o ° * %o g HE - ',
—0.5¢ S s, y z —0.51 H !.:: .
10t o e S S0t . 0. " e
s o “ . ® o
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Engine Size (liters)

Wheel Base (inches)

(b) In graph II, the point labeled A corresponds to the same car whose point was labeled A in graph L.
The measurements for the car represented by point A are given below.

FCR Length (inches)

Engine Size (liters)

Wheel Base (inches)

5.88 175

3.6

93

(1) Circle the point on graph III that corresponds to the car represented by point A on graphs I and II.

(i1) There is a point on graph III labeled B. It is very close to the horizontal line at 0. What does that indicate
about the FCR of the car represented by point B?

© 2014 The College Board.
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(c) Write a few sentences to compare the association between the variables in graph II with the association
between the variables in graph III.

(d) Jamal wants to predict FCR using length and one of the other variables, engine size or wheel base. Based on
your response to part (c), which variable, engine size or wheel base, should Jamal use in addition to length if
he wants to improve the prediction? Explain why you chose that variable.

STOP

END OF EXAM

© 2014 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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Table A Standard normal probabilities

Table entry for z is the
probability lying below z.

2014 AP° STATISTICS FREE-RESPONSE QUESTIONS

Probability

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
-34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
-32 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
-2.9 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
-2.7 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
=23 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
-24 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
-2.3 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 0084
=22 .0139 .0136 .0132 .0129 0125 .0122 .0119 .0116 .0113 .0110
-2.1 .0179 .0174 .0170 .0166 .0162 .0158 0154 .0150 .0146 .0143
-2.0 .0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 .0183
Ik .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
-1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
-1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367
-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
=15 .0668 0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .0559
-1.4 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
-13 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
-1.2 1151 1131 112 .1093 1075 .1056 .1038 .1020 .1003 .0985
-1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 1170
-1.0 1587 1562 1539 1515 .1492 .1469 .1446 .1423 1401 1379
-0.9 1841 1814 1788 1762 .1736 711 .1685 .1660 .1635 1611
-0.8 2119 .2090 .2061 .2033 .2005 1977 .1949 1922 .1894 1867
-0.7 .2420 .2389 2358 2327 .2296 .2266 .2236 .2206 2177 2148
-0.6 2743 .2709 2676 .2643 2611 2578 2546 2514 .2483 2451
-0.5 .3085 .3050 3015 2981 .2946 2912 28717 .2843 2810 2776
-0.4 3446 .3409 3372 3336 .3300 3264 3228 3192 3156 3121
-0.3 3821 3783 3745 3707 .3669 .3632 3594 .3557 .3520 .3483
-0.2 4207 4168 4129 4090 4052 4013 3974 .3936 .3897 3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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Probability
Table entry for z is the
probability lying below z.
4
Table A (Continued)

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 .5160 5199 .5239 .5279 5319 5359
0.1 .5398 .5438 .5478 5517 .5557 .5596 .5636 5675 5714 5753
0.2 5793 .5832 5871 5910 .5948 5987 .6026 .6064 .6103  .6141
0.3 .6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480  .6517
0.4 .6554 .6591 .6628 .6664 .6700 .6736 6772 .6808 .6844 6879
0.5 .6915 .6950 .6985 7019 7054 .7088 7123 7157 7190 7224
0.6 1257 7291 7324 7357 7389 7422 7454 .7486 517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 7939 7967 71995 .8023 .8051 .8078 .8106  .8133
0.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365  .8389
1.0 .8413 .8438 .8461 .8485 .8508 8531 .8554 .8577 .8599  .8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810  .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 .9066 9082 .9099 9115 9131 9147 9162 9177
1.4 9192 .9207 .9222 9236 9251 .9265 .9279 .9292 9306 9319
1.5 9332 .9345 .9357 .9370 9382 .9394 .9406 9418 9429 9441
1.6 9452 .9463 9474 9484 .9495 .9505 9515 9525 9535 9545
1.7 9554 .9564 .9573 .9582 9591 .9599 .9608 9616 9625 9633
1.8 9641 .9649 9656 9664 9671 9678 .9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 .9793 9798 .9803 .9808 9812 9817
2.1 9821 .9826 .9830 9834 .9838 9842 .9846 .9850 9854 9857
22 9861 .9864 9868 9871 9875 9878 .9881 9884 9887 9890
2.3 .9893 .9896 9898 .9901 .9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 9922 .9925 .9927 .9929 9931 9932 9934 9936
2.5 9938 .9940 9941 .9943 .9945 .9946 .9948 9949 9951 .9952
2.6 .9953 .9955 .9956 .9957 .9959 .9960 9961 .9962 29963 9964
2.7 .9965 .9966 .9967 .9968 9969 .9970 9971 9972 9973 9974
2.8 9974 .9975 .9976 9977 9977 .9978 .9979 .9979 29980  .9981
29 9981 .9982 .9982 .9983 9984 .9984 .9985 9985 9986  .9986
3.0 9987 .9987 9987 .9988 .9988 9989 .9989 .9989 29990 9990
3.1 9990 9991 19991 9991 .9992 .9992 .9992 .9992 9993 .9993
32 .9993 .9993 9994 9994 .9994 9994 .9994 .9995 29995 9995
33 9995 .9995 .9995 .9996 .9996 9996 .9996 .9996 9996 9997
3.4 9997 .9997 9997 9997 .9997 9997 .9997 .9997 29997 .9998
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Table entry for p and

C is the point * with Probability p
probability p lying
above it and
probability C lying
between —t* and r*.
t*
Table B ¢ distribution critical values
Tail probability p
df 25 .20 15 .10 .05 .025 .02 .01 .005 .0025 .001 .0005
1 1.000 1.376 1.963 3.078 6.314 12.71 15.89 31.82 63.66 127.3 318.3 636.6
2 816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 22.33 31.60
3 765 978 1.250 1.638 2.353 3.182 3.482 4.541 5.841 7.453 10.21 12.92
4 7141 941 1.190 1.533 2.132 2.776 2.999 3.747 4.604 5.598 7.173 8.610
5 127 920 1.156 1.476 2.015 2.571 2.757 3.365 4.032 4.773 5.893 6.869
6 718 .906 1.134 1.440 1.943 2.447 2.612 3.143 3.707 4.317 5.208 5.959
7 11 .896 1.119 1.415 1.895 2.365 2.517 2.998 3.499 4.029 4.785 5.408
8 106 .889 1.108 1.397 1.860 2.306 2.449 2.896 3.355 3.833 4.501 5.041
9 703 .883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781
10 700 .879 1.093 1.372 1.812 2.228 2.359 2.764 3.169 3.581 4.144 4.587
11 .697 .876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4.437
12 .695 873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3.930 4.318
13 .694 .870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3.372 3.852 4.221
14 .692 .868 1.076 1.345 1.761 2.145 2.264 2.624 2.977 3.326 3.787 4.140
15 .691 .866 1.074 1.341 1.753 2.131 2.249 2.602 2.947 3.286 3.733 4.073
16 .690 .865 1.071 1.337 1.746 2.120 2.235 2.583 2.921 3.252 3.686 4.015
17 .689 .863 1.069 1.333 1.740 2.110 2.224 2.567 2.898 3.222 3.646 3.965
18 .688 .862 1.067 1.330 1.734 2.101 2.214 2.552 2.878 3.197 3.611 3.922
19 .688 .861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883
20 .687 .860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850
21 .686 .859 1.063 1.323 1.721 2.080 2.189 2.518 2.831 3.135 3.527 3.819
22 .686 .858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792
23 .685 .858 1.060 1.319 1.714 2.069 2.177 2.500 2.807 3.104 3.485 3.768
24 .685 .857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745
25 .684 .856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725
26 .684 .856 1.058 1.315 1.706 2.056 2.162 2.479 2.779 3.067 3.435 3.707
27 .684 .855 1.057 1.314 1.703 2.052 2.158 2473 2.771 3.057 3421 3.690
28 .683 855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674
29 .683 .854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.396 3.659
30 .683 854 1.055 1.310 1.697 2.042 2.147 2.457 2.750 3.030 3.385 3.646
40 .681 851 1.050 1.303 1.684 2.021 2.123 2.423 2.704 2971 3.307 3.551
50 .679 .849 1.047 1.299 1.676 2.009 2.109 2.403 2.678 2.937 3.261 3.496
60 .679 .848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2915 3.232 3.460
80 .678 .846 1.043 1.292 1.664 1.990 2.088 2.374 2.639 2.887 3.195 3416
100 677 .845 1.042 1.290 1.660 1.984 2.081 2.364 2.626 2.871 3.174 3.390
1000 .675 .842 1.037 1.282 1.646 1.962 2.056 2.330 2.581 2.813 3.098 3.300
o0 .674 .841 1.036 1.282 1.645 1.960 2.054 2.326 2.576 2.807 3.091 3.291
50% 60% 70% 80% 90% 95% 96% 98% 99% 99.5% 99.8% 99.9%

Confidence level C
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Probability p
Table entry for p is the point
(x?) with probability p lying
above it.
1
)
Table C 42 critical values
Tail probability p
df .25 .20 .15 .10 .05 .025 .02 .01 .005 .0025  .001 .0005
1 1.32 1.64 2.07 2.71 3.84 5.02 5.41 6.63 7.88 9.14 10.83 12.12
2 2.77 3.22 3.79 4.61 5.99 7.38 7.82 9.21 10.60 1198  13.82 15.20
3 4.11 4.64 5.32 6.25 7.81 9.35 9.84 11.34 12.84 14.32 16.27 17.73
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 1642 1847 20.00
5 6.63 7.29 8.12 9.24 11.07 12.83 13.39 15.09 16.75 18.39 20.51 22.11
6 7.84 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.55 20.25  22.46 24.10
7 9.04 9.80 10.75 12.02 14.07 16.01 16.62 18.48 20.28 22.04 24.32 26.02
8 10.22 11.03 12.03 13.36 15.51 17.53 18.17 20.09 21.95 23.77 26.12 27.87
9 11.39 12.24 13.29 14.68 16.92 19.02 19.68 21.67 23.59 25.46 27.88 29.67
10 12.55 13.44 14.53 15.99 18.31 20.48 21.16 23.21 25.19 27.11  29.59 31.42
11 13.70 14.63 15.77 17.28 19.68 21.92 22.62 24.72 26.76 28.73 31.26 33.14
12 14.85 15.81 16.99 18.55 21.03 23.34 24.05 26.22 28.30 30.32 3291 34.82
13 15.98 16.98 18.20 19.81 22.36 24.74 25.47 27.69 29.82 31.88 34.53 36.48
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 29.14 31.32 3343 36.12 38.11
15 18.25 19.31 20.60 22.31 25.00 27.49 28.26 30.58 32.80 3495  37.70 39.72
16 19.37 20.47 21.79 23.54 26.30 28.85 29.63 32.00 34.27 36.46 39.25 41.31
17 20.49 21.61 22.98 24.77 27.59 30.19 31.00 3341 35.72 3795  40.79 42.88
18 21.60 22.76 24.16 25.99 28.87 31.53 32.35 34.81 37.16 39.42 42.31 44.43
19 22.72 23.90 25.33 27.20 30.14 32.85 33.69 36.19 38.58 40.88  43.82 45.97
20 23.83 25.04 26.50 28.41 31.41 34.17 35.02 37.57 40.00 42.34 45.31 47.50
21 24.93 26.17 27.66 29.62 32.67 35.48 36.34 38.93 41.40 4378  46.80 49.01
22 26.04 27.30 28.82 30.81 33.92 36.78 37.66 40.29 42.80 45.20 48.27 50.51
23 27.14 28.43 29.98 32.01 35.17 38.08 38.97 41.64 44.18 46.62  49.73 52.00
24 28.24 29.55 31.13 33.20 36.42 39.36 40.27 42.98 45.56 48.03 51.18 53.48
25 29.34 30.68 32.28 34.38 37.65 40.65 41.57 4431 46.93 4944  52.62 54.95
26 30.43 31.79 33.43 35.56 38.89 41.92 42.86 45.64 48.29 50.83  54.05 56.41
27 31.53 32.91 34.57 36.74 40.11 43.19 44.14 46.96 49.64 52.22 55.48 57.86
28 32.62 34.03 35.71 37.92 41.34 44.46 4542 48.28 50.99 53.59  56.89 59.30
29 33.71 35.14 36.85 39.09 42.56 45.72 46.69 49.59 52.34 5497  58.30 60.73
30 34.80 36.25 37.99 40.26 43.717 46.98 47.96 50.89 53.67 56.33  59.70 62.16
40 45.62 47.27 49.24 51.81 55.76 59.34 60.44 63.69 66.77 69.70 73.40 76.09
50 56.33 58.16 60.35 63.17 67.50 71.42 72.61 76.15 79.49 82.66  86.66 89.56
60 66.98 68.97 71.34 74.40 79.08 83.30 84.58 88.38 91.95 95.34 99.61 102.7
80 88.13 90.41 93.11 96.58 1019 106.6 108.1 112.3 116.3 120.1 124.8 128.3
100 109.1 111.7 114.7 118.5 124.3 129.6 131.1 135.8 140.2 144.3 149.4 153.2
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Formulas

I Descriptive Statistics

Sy —\/—Zx—x
) (nl—l)s%+(n2—l)s%
v (m, = 1) + (n, = 1)
y:b0+b1x
b :Z(xi_)_c)(yi_y)
1 2
Z(xi_x)
b0=§—b1)_c
1 x.—x\y.—-y
rzn—lz( lsx J[ lsy }
Sy
b1=l"§
~\2
(v, 9,)
5, = n—2
bs(y-E)
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(II) Probability

P(A U B) = P(A) + P(B) — P(A N B)

P(A N B)

P(A|B) = o)

E(X)=py = le-pl-
Var(X) = 0')26 = Z(xl.— ux)z p;

If X has a binomial distribution with parameters 7 and p, then:

P(X = k) = (ij"a —pyk

Wx =np
o, == p)
ng =p

If x is the mean of a random sample of size n from an infinite
population with mean p and standard deviation o, then:

Uy = U

O— =
X

o
Vn
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(IIT) ~ Inferential Statistics

) .. statistic —parameter
Standardized test statistic: - p —
standard deviation of statistic

Confidence interval: statistic = (critical value)  (standard deviation of statistic)

Single-Sample

Statistic Standard Deviation

s

Sample Mean

. pd-p)
Sample Proportion ~ 1

Two-Sample

Standard Deviation

Statistic
Difference of 2 2
o L0
sample means ——
ny )

Special case when o, = o,
1 1
ol—+—
nom

Difference qf p(=p) p,(=p,)
sample proportions » + n
1

Special case when p, = p,

1 1
1- — 4+ —

. . (observed — expected)’
Chi-square test statistic = z expected
X
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STATISTICS
SECTION II
Part A
Questions 1-5
Spend about 65 minutes on this part of the exam.
Percent of Section II score—75

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

1. Two large corporations, A and B, hire many new college graduates as accountants at entry-level positions. In
2009 the starting salary for an entry-level accountant position was $36,000 a year at both corporations. At each
corporation, data were collected from 30 employees who were hired in 2009 as entry-level accountants and were
still employed at the corporation five years later. The yearly salaries of the 60 employees in 2014 are
summarized in the boxplots below.

Corporation A EE— —

Corporation B

$30 $40 $50 $60 $70 $80
Yearly Salary (thousands)

(a) Write a few sentences comparing the distributions of the yearly salaries at the two corporations.

(b) Suppose both corporations offered you a job for $36,000 a year as an entry-level accountant.
(i) Based on the boxplots, give one reason why you might choose to accept the job at corporation A.

(i) Based on the boxplots, give one reason why you might choose to accept the job at corporation B.

© 2015 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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2. To increase business, the owner of a restaurant is running a promotion in which a customer’s bill can be
randomly selected to receive a discount. When a customer’s bill is printed, a program in the cash register
randomly determines whether the customer will receive a discount on the bill. The program was written to
generate a discount with a probability of 0.2, that is, giving 20 percent of the bills a discount in the long run.
However, the owner is concerned that the program has a mistake that results in the program not generating the
intended long-run proportion of 0.2.

The owner selected a random sample of bills and found that only 15 percent of them received discounts. A
confidence interval for p, the proportion of bills that will receive a discount in the long run, is 0.15 £ 0.06.
All conditions for inference were met.

(a) Consider the confidence interval 0.15 % 0.06.

(i) Does the confidence interval provide convincing statistical evidence that the program is not working as
intended? Justify your answer.

(i) Does the confidence interval provide convincing statistical evidence that the program generates the
discount with a probability of 0.2 ? Justify your answer.

A second random sample of bills was taken that was four times the size of the original sample. In the second
sample 15 percent of the bills received the discount.

(b) Determine the value of the margin of error based on the second sample of bills that would be used to
compute an interval for p with the same confidence level as that of the original interval.

(c) Based on the margin of error in part (b) that was obtained from the second sample, what do you conclude
about whether the program is working as intended? Justify your answer.

© 2015 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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3. A shopping mall has three automated teller machines (ATMs). Because the machines receive heavy use, they
sometimes stop working and need to be repaired. Let the random variable X represent the number of ATMs that
are working when the mall opens on a randomly selected day. The table shows the probability distribution of X.

Number of ATMs working when the mall opens 0 1 2 3
Probability 0.15 0.21 0.40 0.24

(a) What is the probability that at least one ATM is working when the mall opens?

(b) What is the expected value of the number of ATMs that are working when the mall opens?

(c) What is the probability that all three ATMs are working when the mall opens, given that at least one ATM is
working?

(d) Given that at least one ATM is working when the mall opens, would the expected value of the number of
ATMs that are working be less than, equal to, or greater than the expected value from part (b) ? Explain.

© 2015 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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4. A researcher conducted a medical study to investigate whether taking a low-dose aspirin reduces the chance
of developing colon cancer. As part of the study, 1,000 adult volunteers were randomly assigned to one of two
groups. Half of the volunteers were assigned to the experimental group that took a low-dose aspirin each day,
and the other half were assigned to the control group that took a placebo each day. At the end of six years,
15 of the people who took the low-dose aspirin had developed colon cancer and 26 of the people who took
the placebo had developed colon cancer. At the significance level o = 0.05, do the data provide convincing
statistical evidence that taking a low-dose aspirin each day would reduce the chance of developing colon cancer
among all people similar to the volunteers?

© 2015 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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5. A student measured the heights and the arm spans, rounded to the nearest inch, of each person in a random
sample of 12 seniors at a high school. A scatterplot of arm span versus height for the 12 seniors is shown.

72 -
70 -

o)
x.
1

£ 3

Arm Span (inches)

(=}
(o]
I

601

60

62 64 66

68 70

Height (inches)

72

(a) Based on the scatterplot, describe the relationship between arm span and height for the sample of 12 seniors.

Let x represent height, in inches, and let y represent arm span, in inches. Two scatterplots of the same data
are shown below. Graph 1 shows the data with the least squares regression line y = 11.74 + 0.8247x, and

graph 2 shows the data with the line y = x.

GRAPH 1

™
o
L

Arm Span (inches)

Arm Span (inches)

64 66 68 70 72
Height (inches)

GRAPH 2

© 2015 The College Board.
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(b) The criteria described in the table below can be used to classify people into one of three body shape
categories: square, tall rectangle, or short rectangle.

Square

Tall Rectangle

Short Rectangle

Arm span is equal to height.

Arm span is less than height.

Arm span is greater than height.

(1) For which graph, 1 or 2, is the line helpful in classifying a student’s body shape as square, tall
rectangle, or short rectangle? Explain.

(i) Complete the table of classifications for the 12 seniors.

Classification

Square

Tall Rectangle

Short Rectangle

Frequency

(c) Using the best model for prediction, calculate the predicted arm span for a senior with height 61 inches.

© 2015 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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STATISTICS

SECTION 11
Part B

Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II score—25

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

6. Corn tortillas are made at a large facility that produces 100,000 tortillas per day on each of its two production
lines. The distribution of the diameters of the tortillas produced on production line A is approximately normal
with mean 5.9 inches, and the distribution of the diameters of the tortillas produced on production line B is
approximately normal with mean 6.1 inches. The figure below shows the distributions of diameters for the
two production lines.

Production Line A Production Line B

~—~
TN

5.7 5.8 5.9 6.0 6.1 6.2 6.3
Diameter (inches)

The tortillas produced at the factory are advertised as having a diameter of 6 inches. For the purpose of quality
control, a sample of 200 tortillas is selected and the diameters are measured. From the sample of 200 tortillas, the
manager of the facility wants to estimate the mean diameter, in inches, of the 200,000 tortillas produced on a
given day. Two sampling methods have been proposed.

Method 1: Take a random sample of 200 tortillas from the 200,000 tortillas produced on a given day.
Measure the diameter of each selected tortilla.

Method 2: Randomly select one of the two production lines on a given day. Take a random sample of
200 tortillas from the 100,000 tortillas produced by the selected production line. Measure the diameter of
each selected tortilla.

(a) Will a sample obtained using Method 2 be representative of the population of all tortillas made that day,
with respect to the diameters of the tortillas? Explain why or why not.

© 2015 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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(b) The figure below is a histogram of 200 diameters obtained by using one of the two sampling methods
described. Considering the shape of the histogram, explain which method, Method 1 or Method 2, was most
likely used to obtain a such a sample.

2571

Number of Tortillas
|

o L= S S S S T

5.775 5.850 5.925 6.000 6.075 6.150 6.225
Diameter (inches)

(c) Which of the two sampling methods, Method 1 or Method 2, will result in less variability in the diameters of
the 200 tortillas in the sample on a given day? Explain.

Each day, the distribution of the 200,000 tortillas made that day has mean diameter 6 inches with standard
deviation 0.11 inch.

(d) For samples of size 200 taken from one day’s production, describe the sampling distribution of the sample
mean diameter for samples that are obtained using Method 1.

(e) Suppose that one of the two sampling methods will be selected and used every day for one year (365 days).
The sample mean of the 200 diameters will be recorded each day. Which of the two methods will result in
less variability in the distribution of the 365 sample means? Explain.

(f) A government inspector will visit the facility on June 22 to observe the sampling and to determine if the
factory is in compliance with the advertised mean diameter of 6 inches. The manager knows that, with both
sampling methods, the sample mean is an unbiased estimator of the population mean. However, the manager
is unsure which method is more likely to produce a sample mean that is close to 6 inches on the day of
sampling. Based on your previous answers, which of the two sampling methods, Method 1 or Method 2, is
more likely to produce a sample mean close to 6 inches? Explain.

STOP

END OF EXAM

© 2015 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
-13-



Table A Standard normal probabilities

Table entry for z is the
probability lying below z.
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Probability

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
-34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
-32 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
-2.9 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
-2.7 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
=23 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
-24 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
-2.3 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 0084
=22 .0139 .0136 .0132 .0129 0125 .0122 .0119 .0116 .0113 .0110
-2.1 .0179 .0174 .0170 .0166 .0162 .0158 0154 .0150 .0146 .0143
-2.0 .0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 .0183
Ik .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
-1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
-1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367
-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
=15 .0668 0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .0559
-1.4 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
-13 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
-1.2 1151 1131 112 .1093 1075 .1056 .1038 .1020 .1003 .0985
-1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 1170
-1.0 1587 1562 1539 1515 .1492 .1469 .1446 .1423 1401 1379
-0.9 1841 1814 1788 1762 .1736 711 .1685 .1660 .1635 1611
-0.8 2119 .2090 .2061 .2033 .2005 1977 .1949 1922 .1894 1867
-0.7 .2420 .2389 2358 2327 .2296 .2266 .2236 .2206 2177 2148
-0.6 2743 .2709 2676 .2643 2611 2578 2546 2514 .2483 2451
-0.5 .3085 .3050 3015 2981 .2946 2912 28717 .2843 2810 2776
-0.4 3446 .3409 3372 3336 .3300 3264 3228 3192 3156 3121
-0.3 3821 3783 3745 3707 .3669 .3632 3594 .3557 .3520 .3483
-0.2 4207 4168 4129 4090 4052 4013 3974 .3936 .3897 3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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Probability
Table entry for z is the
probability lying below z.
4
Table A (Continued)

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 .5160 5199 .5239 .5279 5319 5359
0.1 .5398 .5438 .5478 5517 .5557 .5596 .5636 5675 5714 5753
0.2 5793 .5832 5871 5910 .5948 5987 .6026 .6064 .6103  .6141
0.3 .6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480  .6517
0.4 .6554 .6591 .6628 .6664 .6700 .6736 6772 .6808 .6844 6879
0.5 .6915 .6950 .6985 7019 7054 .7088 7123 7157 7190 7224
0.6 1257 7291 7324 7357 7389 7422 7454 .7486 517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 7939 7967 71995 .8023 .8051 .8078 .8106  .8133
0.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365  .8389
1.0 .8413 .8438 .8461 .8485 .8508 8531 .8554 .8577 .8599  .8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810  .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 .9066 9082 .9099 9115 9131 9147 9162 9177
1.4 9192 .9207 .9222 9236 9251 .9265 .9279 .9292 9306 9319
1.5 9332 .9345 .9357 .9370 9382 .9394 .9406 9418 9429 9441
1.6 9452 .9463 9474 9484 .9495 .9505 9515 9525 9535 9545
1.7 9554 .9564 .9573 .9582 9591 .9599 .9608 9616 9625 9633
1.8 9641 .9649 9656 9664 9671 9678 .9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 .9793 9798 .9803 .9808 9812 9817
2.1 9821 .9826 .9830 9834 .9838 9842 .9846 .9850 9854 9857
22 9861 .9864 9868 9871 9875 9878 .9881 9884 9887 9890
2.3 .9893 .9896 9898 .9901 .9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 9922 .9925 .9927 .9929 9931 9932 9934 9936
2.5 9938 .9940 9941 .9943 .9945 .9946 .9948 9949 9951 .9952
2.6 .9953 .9955 .9956 .9957 .9959 .9960 9961 .9962 29963 9964
2.7 .9965 .9966 .9967 .9968 9969 .9970 9971 9972 9973 9974
2.8 9974 .9975 .9976 9977 9977 .9978 .9979 .9979 29980  .9981
29 9981 .9982 .9982 .9983 9984 .9984 .9985 9985 9986  .9986
3.0 9987 .9987 9987 .9988 .9988 9989 .9989 .9989 29990 9990
3.1 9990 9991 19991 9991 .9992 .9992 .9992 .9992 9993 .9993
32 .9993 .9993 9994 9994 .9994 9994 .9994 .9995 29995 9995
33 9995 .9995 .9995 .9996 .9996 9996 .9996 .9996 9996 9997
3.4 9997 .9997 9997 9997 .9997 9997 .9997 .9997 29997 .9998
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Table entry for p and

C is the point * with Probability p
probability p lying
above it and
probability C lying
between —t* and r*.
t*
Table B ¢ distribution critical values
Tail probability p
df 25 .20 15 .10 .05 .025 .02 .01 .005 .0025 .001 .0005
1 1.000 1.376 1.963 3.078 6.314 12.71 15.89 31.82 63.66 127.3 318.3 636.6
2 816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 22.33 31.60
3 765 978 1.250 1.638 2.353 3.182 3.482 4.541 5.841 7.453 10.21 12.92
4 7141 941 1.190 1.533 2.132 2.776 2.999 3.747 4.604 5.598 7.173 8.610
5 127 920 1.156 1.476 2.015 2.571 2.757 3.365 4.032 4.773 5.893 6.869
6 718 .906 1.134 1.440 1.943 2.447 2.612 3.143 3.707 4.317 5.208 5.959
7 11 .896 1.119 1.415 1.895 2.365 2.517 2.998 3.499 4.029 4.785 5.408
8 7106 .889 1.108 1.397 1.860 2.306 2.449 2.896 3.355 3.833 4.501 5.041
9 703 .883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781
10 700 879 1.093 1.372 1.812 2.228 2.359 2.764 3.169 3.581 4.144 4.587
11 .697 .876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4.437
12 .695 873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3.930 4.318
13 .694 .870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3.372 3.852 4.221
14 .692 .868 1.076 1.345 1.761 2.145 2.264 2.624 2.977 3.326 3.787 4.140
15 .691 .866 1.074 1.341 1.753 2.131 2.249 2.602 2.947 3.286 3.733 4.073
16 .690 .865 1.071 1.337 1.746 2.120 2.235 2.583 2.921 3.252 3.686 4.015
17 .689 .863 1.069 1.333 1.740 2.110 2.224 2.567 2.898 3.222 3.646 3.965
18 .688 .862 1.067 1.330 1.734 2.101 2.214 2.552 2.878 3.197 3.611 3.922
19 .688 .861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883
20 .687 .860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850
21 .686 .859 1.063 1.323 1.721 2.080 2.189 2.518 2.831 3.135 3.527 3.819
22 .686 858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792
23 .685 .858 1.060 1.319 1.714 2.069 2.177 2.500 2.807 3.104 3.485 3.768
24 .685 857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745
25 .684 .856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725
26 .684 .856 1.058 1.315 1.706 2.056 2.162 2.479 2.779 3.067 3.435 3.707
27 .684 855 1.057 1.314 1.703 2.052 2.158 2.473 2.771 3.057 3.421 3.690
28 .683 .855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674
29 .683 854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.396 3.659
30 .683 854 1.055 1.310 1.697 2.042 2.147 2.457 2.750 3.030 3.385 3.646
40 .681 851 1.050 1.303 1.684 2.021 2.123 2.423 2.704 2971 3.307 3.551
50 .679 .849 1.047 1.299 1.676 2.009 2.109 2.403 2.678 2.937 3.261 3.496
60 .679 .848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2915 3.232 3.460
80 .678 .846 1.043 1.292 1.664 1.990 2.088 2.374 2.639 2.887 3.195 3416
100 677 .845 1.042 1.290 1.660 1.984 2.081 2.364 2.626 2.871 3.174 3.390
1000 .675 .842 1.037 1.282 1.646 1.962 2.056 2.330 2.581 2.813 3.098 3.300
o0 .674 .841 1.036 1.282 1.645 1.960 2.054 2.326 2.576 2.807 3.091 3.291
50% 60% 70% 80% 90% 95% 96% 98% 99% 99.5% 99.8% 99.9%

Confidence level C

-16-



2015 AP° STATISTICS FREE-RESPONSE QUESTIONS

Probability p
Table entry for p is the point
(x?) with probability p lying
above it.
1
)
Table C 42 critical values
Tail probability p
df .25 .20 .15 .10 .05 .025 .02 .01 .005 .0025  .001 .0005
1 1.32 1.64 2.07 2.71 3.84 5.02 5.41 6.63 7.88 9.14 10.83 12.12
2 2.77 3.22 3.79 4.61 5.99 7.38 7.82 9.21 10.60 1198  13.82 15.20
3 4.11 4.64 5.32 6.25 7.81 9.35 9.84 11.34 12.84 14.32 16.27 17.73
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 1642 1847 20.00
5 6.63 7.29 8.12 9.24 11.07 12.83 13.39 15.09 16.75 18.39 20.51 22.11
6 7.84 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.55 20.25  22.46 24.10
7 9.04 9.80 10.75 12.02 14.07 16.01 16.62 18.48 20.28 22.04 24.32 26.02
8 10.22 11.03 12.03 13.36 15.51 17.53 18.17 20.09 21.95 23.77 26.12 27.87
9 11.39 12.24 13.29 14.68 16.92 19.02 19.68 21.67 23.59 25.46 27.88 29.67
10 12.55 13.44 14.53 15.99 18.31 20.48 21.16 23.21 25.19 27.11  29.59 31.42
11 13.70 14.63 15.77 17.28 19.68 21.92 22.62 24.72 26.76 28.73 31.26 33.14
12 14.85 15.81 16.99 18.55 21.03 23.34 24.05 26.22 28.30 30.32 3291 34.82
13 15.98 16.98 18.20 19.81 22.36 24.74 25.47 27.69 29.82 31.88 34.53 36.48
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 29.14 31.32 3343 36.12 38.11
15 18.25 19.31 20.60 22.31 25.00 27.49 28.26 30.58 32.80 3495  37.70 39.72
16 19.37 20.47 21.79 23.54 26.30 28.85 29.63 32.00 34.27 36.46 39.25 41.31
17 20.49 21.61 22.98 24.77 27.59 30.19 31.00 3341 35.72 3795  40.79 42.88
18 21.60 22.76 24.16 25.99 28.87 31.53 32.35 34.81 37.16 39.42 42.31 44.43
19 22.72 23.90 25.33 27.20 30.14 32.85 33.69 36.19 38.58 40.88  43.82 45.97
20 23.83 25.04 26.50 28.41 31.41 34.17 35.02 37.57 40.00 42.34 45.31 47.50
21 24.93 26.17 27.66 29.62 32.67 35.48 36.34 38.93 41.40 4378  46.80 49.01
22 26.04 27.30 28.82 30.81 33.92 36.78 37.66 40.29 42.80 45.20 48.27 50.51
23 27.14 28.43 29.98 32.01 35.17 38.08 38.97 41.64 44.18 46.62  49.73 52.00
24 28.24 29.55 31.13 33.20 36.42 39.36 40.27 42.98 45.56 48.03 51.18 53.48
25 29.34 30.68 32.28 34.38 37.65 40.65 41.57 4431 46.93 4944  52.62 54.95
26 30.43 31.79 33.43 35.56 38.89 41.92 42.86 45.64 48.29 50.83  54.05 56.41
27 31.53 32.91 34.57 36.74 40.11 43.19 44.14 46.96 49.64 52.22 55.48 57.86
28 32.62 34.03 35.71 37.92 41.34 44.46 4542 48.28 50.99 53.59  56.89 59.30
29 33.71 35.14 36.85 39.09 42.56 45.72 46.69 49.59 52.34 5497  58.30 60.73
30 34.80 36.25 37.99 40.26 43.717 46.98 47.96 50.89 53.67 56.33  59.70 62.16
40 45.62 47.27 49.24 51.81 55.76 59.34 60.44 63.69 66.77 69.70 73.40 76.09
50 56.33 58.16 60.35 63.17 67.50 71.42 72.61 76.15 79.49 82.66  86.66 89.56
60 66.98 68.97 71.34 74.40 79.08 83.30 84.58 88.38 91.95 95.34 99.61 102.7
80 88.13 90.41 93.11 96.58 1019 106.6 108.1 112.3 116.3 120.1 124.8 128.3
100 109.1 111.7 114.7 118.5 124.3 129.6 131.1 135.8 140.2 144.3 149.4 153.2
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Formulas

I Descriptive Statistics

Sy —\/—Zx—x
) (nl—l)s%+(n2—l)s%
v (m, = 1) + (n, = 1)
y:b0+b1x
b :Z(Xi_)_c)(yi_y)
1 2
Z(xi_x)
b0=§—b1)_c
1 x.—x\y.—-y
rzn—lz( lsx J[ lsy }
Sy
blzl’g
~\2
(v, 9,)
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(II) Probability

P(A U B) = P(A) + P(B) — P(A N B)

P(A N B)

P(A|B) = o)

E(X)=py = le-pl-
Var(X) = O')ZC = Z(xl,— }.Lx)z p;

If X has a binomial distribution with parameters 7 and p, then:

P(X = k) = (ij"a —pyk

Wx =np
o, == p)
ng =p

If x is the mean of a random sample of size n from an infinite
population with mean p and standard deviation o, then:

Uy = U

O— =
X

o
Vn
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(IIT) ~ Inferential Statistics

) .. statistic —parameter
Standardized test statistic: - p —
standard deviation of statistic

Confidence interval: statistic = (critical value)  (standard deviation of statistic)

Single-Sample

Statistic Standard Deviation

s

Sample Mean

. pd-p)
Sample Proportion ~ 1

Two-Sample

Standard Deviation

Statistic
Difference of 2 2
o L0
sample means ——
ny )

Special case when o, = o,
1 1
ol—+—
nom

Difference qf p(=p) p,(=p,)
sample proportions » + n
1

Special case when p, = p,

1 1
1- — 4+ —

. . (observed — expected)’
Chi-square test statistic = z expected
X
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STATISTICS
SECTION II
Part A
Questions 1-5
Spend about 65 minutes on this part of the exam.
Percent of Section II score—75

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

1. Robin works as a server in a small restaurant, where she can earn a tip (extra money) from each customer she
serves. The histogram below shows the distribution of her 60 tip amounts for one day of work.

55| 25
22

8 204
215+
5
£
g 10+
Z 6

54 4

1 1 1
0 I I : ! ]
0 5 10 15 20

Tip Amounts (dollars)

(a) Write a few sentences to describe the distribution of tip amounts for the day shown.

(b) One of the tip amounts was $8. If the $8 tip had been $18, what effect would the increase have had on the
following statistics? Justify your answers.

The mean:

The median:

© 2016 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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2. Product advertisers studied the effects of television ads on children’s choices for two new snacks. The
advertisers used two 30-second television ads in an experiment. One ad was for a new sugary snack called
Choco-Zuties, and the other ad was for a new healthy snack called Apple-Zuties.

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

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

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

Group Type of Ad Number Who Chose Number Who Chose
Choco-Zuties Apple-Zuties
A Choco-Zuties only 21 4
B Apple-Zuties only 13 12
C Neither 22 3

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

(b) Write a few sentences describing the effect of each ad on children’s choice of snack.

© 2016 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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3. Alzheimer’s disease results in a loss of cognitive ability beyond what is expected with typical aging. A local
newspaper published an article with the following headline.

Study Finds Strong Association Between Smoking and Alzheimer’s

The article reported that a study tracked the medical histories of 21,123 men and women for 23 years.
The article stated that, for those who smoked at least two packs of cigarettes a day, the risk of developing
Alzheimer’s disease was 2.57 times the risk for those who did not smoke.

(a) Identify the explanatory and response variables in the study.

Explanatory variable:

Response variable:

(b) Is the study described in the article an observational study or an experiment? Explain.

(c) Exercise status (regular weekly exercise versus no regular weekly exercise) was mentioned in the article as a
possible confounding variable. Explain how exercise status could be a confounding variable in the study.

© 2016 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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4. A company manufactures model rockets that require igniters to launch. Once an igniter is used to launch a
rocket, the igniter cannot be reused. Sometimes an igniter fails to operate correctly, and the rocket does not
launch. The company estimates that the overall failure rate, defined as the percent of all igniters that fail to
operate correctly, is 15 percent.

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

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

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

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

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

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

© 2016 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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5. A polling agency showed the following two statements to a random sample of 1,048 adults in the United States.

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

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

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

Environment Statement

Economy Statement

No Preference

Percent of sample

58%

37%

5%

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

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

to satisfy that condition.

(c) A suggestion was made to use a two-sample z-interval for a difference between proportions to investigate
whether the difference in proportions between adults in the United States who would have chosen the
environment statement and adults in the United States who would have chosen the economy statement is
statistically significant. Is the two-sample z-interval for a difference between proportions an appropriate
procedure to investigate the difference? Justify your answer.

© 2016 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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STATISTICS
SECTION II
Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II score—25

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

6. A newspaper in Germany reported that the more semesters needed to complete an academic program at the
university, the greater the starting salary in the first year of a job. The report was based on a study that used a
random sample of 24 people who had recently completed an academic program. Information was collected on
the number of semesters each person in the sample needed to complete the program and the starting salary, in
thousands of euros, for the first year of a job. The data are shown in the scatterplot below.

70
651
601
551 .

504 .
454 .

Starting Salary (1,000 euros)

25— , , +

5 10 15 20
Number of Semesters

(a) Does the scatterplot support the newspaper report about number of semesters and starting salary? Justify
your answer.

The table below shows computer output from a linear regression analysis on the data.

Predictor Coef SE Coef T P
Constant 34.018 4.455 7.64 0.000
Semesters 1.1594 0.3482 3.33 0.003
S =7.37702 R-Sq=33.5% R-Sq(adj) = 30.5%

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

© 2016 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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An independent researcher received the data from the newspaper and conducted a new analysis by separating the
data into three groups based on the major of each person. A revised scatterplot identifying the major of each
person is shown below.

70
65+

. x X Major

. % o Business
a5 o ‘e + Physics
40+ o x Chemistry
3

Starting Salary (1,000 euros)

L
T

5 0 15 20
Number of Semesters

(c) Based on the people in the sample, describe the association between starting salary and number of semesters
for the business majors.

(d) Based on the people in the sample, compare the median starting salaries for the three majors.

(e) Based on the analysis conducted by the independent researcher, how could the newspaper report be modified
to give a better description of the relationship between the number of semesters and the starting salary for
the people in the sample?

STOP

END OF EXAM

© 2016 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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Probability

Table entry for z is the
probability lying below z.

<
Table A Standard normal probabilities
z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
-34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
-3.2 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
-29 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
-2.7 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
-2.5 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
-2.4 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
-23 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
-2.2 .0139 .0136 0132 .0129 .0125 0122 .0119 0116 .0113 .0110
-2.1 .0179 .0174 .0170 .0166 .0162 .0158 .0154 .0150 .0146 .0143
-2.0 .0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 .0183
-1.9 .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
-1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
-1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367
-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
-1.5 .0668 .0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .0559
-1.4 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
-1.3 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
-1.2 1151 1131 1112 .1093 1075 .1056 .1038 .1020 .1003 .0985
-1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 1170
-1.0 .1587 1562 .1539 1515 1492 .1469 .1446 .1423 1401 1379
-0.9 1841 .1814 .1788 1762 1736 1711 .1685 .1660 .1635 1611
-0.8 2119 2090 2061 .2033 2005 1977 .1949 .1922 .1894 1867
-0.7 .2420 .2389 2358 2327 .2296 2266 2236 2206 2177 2148
-0.6 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
-0.5 .3085 3050 3015 2981 2946 2912 28717 2843 2810 2776
-04 .3446 .3409 3372 .3336 .3300 .3264 3228 3192 3156 3121
-0.3 3821 3783 3745 .3707 .3669 3632 3594 3557 .3520 .3483
-0.2 4207 4168 4129 4090 4052 4013 3974 .3936 .3897 .3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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2016 AP® STATISTICS FREE-RESPONSE QUESTIONS

Probability
Table entry for z is the
probability lying below z.
4
Table A (Continued)

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 .5160 5199 .5239 .5279 5319 5359
0.1 .5398 .5438 .5478 5517 .5557 .5596 .5636 5675 5714 5753
0.2 5793 .5832 5871 5910 .5948 5987 .6026 .6064 .6103  .6141
0.3 .6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480  .6517
0.4 .6554 .6591 .6628 .6664 .6700 .6736 6772 .6808 .6844 6879
0.5 .6915 .6950 .6985 7019 7054 .7088 7123 7157 7190 7224
0.6 1257 7291 7324 7357 7389 7422 7454 .7486 517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 7939 7967 71995 .8023 .8051 .8078 .8106  .8133
0.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365  .8389
1.0 .8413 .8438 .8461 .8485 .8508 8531 .8554 .8577 .8599  .8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810  .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 .9066 9082 .9099 9115 9131 9147 9162 9177
1.4 9192 .9207 .9222 9236 9251 .9265 .9279 .9292 9306 9319
1.5 9332 .9345 .9357 .9370 9382 .9394 .9406 9418 9429 9441
1.6 9452 .9463 9474 9484 .9495 .9505 9515 9525 9535 9545
1.7 9554 .9564 .9573 .9582 9591 .9599 .9608 9616 9625 9633
1.8 9641 .9649 9656 9664 9671 9678 .9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 .9793 9798 .9803 .9808 9812 9817
2.1 9821 .9826 .9830 9834 .9838 9842 .9846 .9850 9854 9857
22 9861 .9864 9868 9871 9875 9878 .9881 9884 9887 9890
2.3 .9893 .9896 9898 .9901 .9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 9922 .9925 .9927 .9929 9931 9932 9934 9936
2.5 9938 .9940 9941 .9943 .9945 .9946 .9948 9949 9951 .9952
2.6 .9953 .9955 .9956 .9957 .9959 .9960 9961 .9962 29963 9964
2.7 .9965 .9966 .9967 .9968 9969 .9970 9971 9972 9973 9974
2.8 9974 .9975 .9976 9977 9977 .9978 .9979 .9979 29980  .9981
29 9981 .9982 .9982 .9983 9984 .9984 .9985 9985 9986  .9986
3.0 9987 .9987 9987 .9988 .9988 9989 .9989 .9989 29990 9990
3.1 9990 9991 19991 9991 .9992 .9992 .9992 .9992 9993 .9993
32 .9993 .9993 9994 9994 .9994 9994 .9994 .9995 29995 9995
33 9995 .9995 .9995 .9996 .9996 9996 .9996 .9996 9996 9997
3.4 9997 .9997 9997 9997 .9997 9997 .9997 .9997 29997 .9998
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Table entry for p and

C is the point * with Probability p
probability p lying
above it and
probability C lying
between —t* and r*.
t*
Table B ¢ distribution critical values
Tail probability p
df 25 .20 15 .10 .05 .025 .02 .01 .005 .0025 .001 .0005
1 1.000 1.376 1.963 3.078 6.314 12.71 15.89 31.82 63.66 127.3 318.3 636.6
2 816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 22.33 31.60
3 765 978 1.250 1.638 2.353 3.182 3.482 4.541 5.841 7.453 10.21 12.92
4 7141 941 1.190 1.533 2.132 2.776 2.999 3.747 4.604 5.598 7.173 8.610
5 127 920 1.156 1.476 2.015 2.571 2.757 3.365 4.032 4.773 5.893 6.869
6 718 .906 1.134 1.440 1.943 2.447 2.612 3.143 3.707 4.317 5.208 5.959
7 11 .896 1.119 1.415 1.895 2.365 2.517 2.998 3.499 4.029 4.785 5.408
8 7106 .889 1.108 1.397 1.860 2.306 2.449 2.896 3.355 3.833 4.501 5.041
9 703 .883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781
10 700 879 1.093 1.372 1.812 2.228 2.359 2.764 3.169 3.581 4.144 4.587
11 .697 .876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4.437
12 .695 873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3.930 4.318
13 .694 .870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3.372 3.852 4.221
14 .692 .868 1.076 1.345 1.761 2.145 2.264 2.624 2.977 3.326 3.787 4.140
15 .691 .866 1.074 1.341 1.753 2.131 2.249 2.602 2.947 3.286 3.733 4.073
16 .690 .865 1.071 1.337 1.746 2.120 2.235 2.583 2.921 3.252 3.686 4.015
17 .689 .863 1.069 1.333 1.740 2.110 2.224 2.567 2.898 3.222 3.646 3.965
18 .688 .862 1.067 1.330 1.734 2.101 2.214 2.552 2.878 3.197 3.611 3.922
19 .688 .861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883
20 .687 .860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850
21 .686 .859 1.063 1.323 1.721 2.080 2.189 2.518 2.831 3.135 3.527 3.819
22 .686 858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792
23 .685 .858 1.060 1.319 1.714 2.069 2.177 2.500 2.807 3.104 3.485 3.768
24 .685 857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745
25 .684 .856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725
26 .684 .856 1.058 1.315 1.706 2.056 2.162 2.479 2.779 3.067 3.435 3.707
27 .684 855 1.057 1.314 1.703 2.052 2.158 2.473 2.771 3.057 3.421 3.690
28 .683 .855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674
29 .683 854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.396 3.659
30 .683 854 1.055 1.310 1.697 2.042 2.147 2.457 2.750 3.030 3.385 3.646
40 .681 851 1.050 1.303 1.684 2.021 2.123 2.423 2.704 2971 3.307 3.551
50 .679 .849 1.047 1.299 1.676 2.009 2.109 2.403 2.678 2.937 3.261 3.496
60 .679 .848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2915 3.232 3.460
80 .678 .846 1.043 1.292 1.664 1.990 2.088 2.374 2.639 2.887 3.195 3416
100 677 .845 1.042 1.290 1.660 1.984 2.081 2.364 2.626 2.871 3.174 3.390
1000 .675 .842 1.037 1.282 1.646 1.962 2.056 2.330 2.581 2.813 3.098 3.300
o0 .674 .841 1.036 1.282 1.645 1.960 2.054 2.326 2.576 2.807 3.091 3.291
50% 60% 70% 80% 90% 95% 96% 98% 99% 99.5% 99.8% 99.9%

Confidence level C
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Probability p
Table entry for p is the point
(x?) with probability p lying
above it.
1
)
Table C 42 critical values
Tail probability p
df .25 .20 .15 .10 .05 .025 .02 .01 .005 .0025  .001 .0005
1 1.32 1.64 2.07 2.71 3.84 5.02 5.41 6.63 7.88 9.14 10.83 12.12
2 2.77 3.22 3.79 4.61 5.99 7.38 7.82 9.21 10.60 1198  13.82 15.20
3 4.11 4.64 5.32 6.25 7.81 9.35 9.84 11.34 12.84 14.32 16.27 17.73
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 1642 1847 20.00
5 6.63 7.29 8.12 9.24 11.07 12.83 13.39 15.09 16.75 18.39 20.51 22.11
6 7.84 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.55 20.25  22.46 24.10
7 9.04 9.80 10.75 12.02 14.07 16.01 16.62 18.48 20.28 22.04 24.32 26.02
8 10.22 11.03 12.03 13.36 15.51 17.53 18.17 20.09 21.95 23.77 26.12 27.87
9 11.39 12.24 13.29 14.68 16.92 19.02 19.68 21.67 23.59 25.46 27.88 29.67
10 12.55 13.44 14.53 15.99 18.31 20.48 21.16 23.21 25.19 27.11  29.59 31.42
11 13.70 14.63 15.77 17.28 19.68 21.92 22.62 24.72 26.76 28.73 31.26 33.14
12 14.85 15.81 16.99 18.55 21.03 23.34 24.05 26.22 28.30 30.32 3291 34.82
13 15.98 16.98 18.20 19.81 22.36 24.74 25.47 27.69 29.82 31.88 34.53 36.48
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 29.14 31.32 3343 36.12 38.11
15 18.25 19.31 20.60 22.31 25.00 27.49 28.26 30.58 32.80 3495  37.70 39.72
16 19.37 20.47 21.79 23.54 26.30 28.85 29.63 32.00 34.27 36.46 39.25 41.31
17 20.49 21.61 22.98 24.77 27.59 30.19 31.00 3341 35.72 3795  40.79 42.88
18 21.60 22.76 24.16 25.99 28.87 31.53 32.35 34.81 37.16 39.42 42.31 44.43
19 22.72 23.90 25.33 27.20 30.14 32.85 33.69 36.19 38.58 40.88  43.82 45.97
20 23.83 25.04 26.50 28.41 31.41 34.17 35.02 37.57 40.00 42.34 45.31 47.50
21 24.93 26.17 27.66 29.62 32.67 35.48 36.34 38.93 41.40 4378  46.80 49.01
22 26.04 27.30 28.82 30.81 33.92 36.78 37.66 40.29 42.80 45.20 48.27 50.51
23 27.14 28.43 29.98 32.01 35.17 38.08 38.97 41.64 44.18 46.62  49.73 52.00
24 28.24 29.55 31.13 33.20 36.42 39.36 40.27 42.98 45.56 48.03 51.18 53.48
25 29.34 30.68 32.28 34.38 37.65 40.65 41.57 4431 46.93 4944  52.62 54.95
26 30.43 31.79 33.43 35.56 38.89 41.92 42.86 45.64 48.29 50.83  54.05 56.41
27 31.53 32.91 34.57 36.74 40.11 43.19 44.14 46.96 49.64 52.22 55.48 57.86
28 32.62 34.03 35.71 37.92 41.34 44.46 4542 48.28 50.99 53.59  56.89 59.30
29 33.71 35.14 36.85 39.09 42.56 45.72 46.69 49.59 52.34 5497  58.30 60.73
30 34.80 36.25 37.99 40.26 43.717 46.98 47.96 50.89 53.67 56.33  59.70 62.16
40 45.62 47.27 49.24 51.81 55.76 59.34 60.44 63.69 66.77 69.70 73.40 76.09
50 56.33 58.16 60.35 63.17 67.50 71.42 72.61 76.15 79.49 82.66  86.66 89.56
60 66.98 68.97 71.34 74.40 79.08 83.30 84.58 88.38 91.95 95.34 99.61 102.7
80 88.13 90.41 93.11 96.58 1019 106.6 108.1 112.3 116.3 120.1 124.8 128.3
100 109.1 111.7 114.7 118.5 124.3 129.6 131.1 135.8 140.2 144.3 149.4 153.2
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Formulas

I Descriptive Statistics

Sy —\/—Zx—x
) (nl—l)s%+(n2—1)s%
v (m, = 1) + (n, = 1)
y b0+bx
b :Z(Xi_)_c)(yi_y)
1 2
z(xi_x)
b0=§—b1)_c
1 x.—x\y.—-Yy
r=n—lz( lsx J[ lsy J
Sy
blzl’g
~\2
(v, 9,)
5, = n—2
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(II) Probability

P(A U B) = P(A) + P(B) — P(A N B)

P(A N B)

P(A|B) = o)

E(X)=py = le-pl-
Var(X) = 6)26 = Z(xl,— }.lx)z p;

If X has a binomial distribution with parameters 7 and p, then:

P(X = k) = (ij" (- pyk

UWx = np
o, == p)
ng =p

If x is the mean of a random sample of size n from an infinite
population with mean p and standard deviation o, then:

Uy = U

O— =
X

o
Vn
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(IIT) ~ Inferential Statistics

) .. statistic —parameter
Standardized test statistic: - p —
standard deviation of statistic

Confidence interval: statistic = (critical value)  (standard deviation of statistic)

Single-Sample

Statistic

Standard Deviation
of Statistic

Sample Mean

s

Sample Proportion

/p(l -p)
n

Two-Sample

Standard Deviation

Statistic of Statistic
Difference of 0'12 o %
sample means — A

nl nz

Special case when o, = o,

\ny

Difference of
sample proportions

pid—pp) + pr(1—py)
n 1y

Special case when p, = p,

1 1
1- — 4+ —
p( p) m ny

(observed — expected)’

Chi-square test statistic = z expected
X
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STATISTICS
SECTION 11
Part A

Questions 1-5
Spend about 65 minutes on this part of the exam.
Percent of Section II score—75

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

1. Researchers studying a pack of gray wolves in North America collected data on the length x, in meters, from
nose to tip of tail, and the weight y, in kilograms, of the wolves. A scatterplot of weight versus length revealed
a relationship between the two variables described as positive, linear, and strong.

(a) For the situation described above, explain what is meant by each of the following words.
(1) Positive:
(ii) Linear:
(iii) Strong:
The data collected from the wolves were used to create the least-squares equation y = —16.46 + 35.02x.
(b) Interpret the meaning of the slope of the least-squares regression line in context.

(c) One wolf in the pack with a length of 1.4 meters had a residual of —9.67 kilograms. What was the weight
of the wolf?

© 2017 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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2. The manager of a local fast-food restaurant is concerned about customers who ask for a water cup when placing
an order but fill the cup with a soft drink from the beverage fountain instead of filling the cup with water. The
manager selected a random sample of 80 customers who asked for a water cup when placing an order and found
that 23 of those customers filled the cup with a soft drink from the beverage fountain.

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

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

the restaurant for the month of June from the customers who ask for a water cup but fill the cup with
a soft drink.

© 2017 The College Board.
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3. A grocery store purchases melons from two distributors, J and K. Distributor J provides melons from organic
farms. The distribution of the diameters of the melons from Distributor J is approximately normal with mean
133 millimeters (mm) and standard deviation 5 mm.

(a) For a melon selected at random from Distributor J, what is the probability that the melon will have a
diameter greater than 137 mm?

Distributor K provides melons from nonorganic farms. The probability is 0.8413 that a melon selected at random
from Distributor K will have a diameter greater than 137 mm. For all the melons at the grocery store, 70 percent
of the melons are provided by Distributor J and 30 percent are provided by Distributor K.

(b) For a melon selected at random from the grocery store, what is the probability that the melon will have a
diameter greater than 137 mm?

(c) Given that a melon selected at random from the grocery store has a diameter greater than 137 mm, what is
the probability that the melon will be from Distributor J?

© 2017 The College Board.
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4. The chemicals in clay used to make pottery can differ depending on the geographical region where the clay
originated. Sometimes, archaeologists use a chemical analysis of clay to help identify where a piece of pottery
originated. Such an analysis measures the amount of a chemical in the clay as a percent of the total weight of the
piece of pottery. The boxplots below summarize analyses done for three chemicals—X, Y, and Z—on pieces of
pottery that originated at one of three sites: I, II, or III.

Percent of Total Weight

o s

I~
1

(e
1

<o
1

o0
.

Site I Site II Site 11

[]Site I
—————————————————————————————— [JSite Il |-~
— A Site 111

N..-
><__
._<__
N__

X Y Z X Y
Chemical Chemical Chemical

Percent of Total Weight

(a) For chemical Z, describe how the percents found in the pieces of pottery are similar and how they differ
among the three sites.

(b) Consider a piece of pottery known to have originated at one of the three sites, but the actual site is not
known.

(i) Suppose an analysis of the clay reveals that the sum of the percents of the three chemicals X, Y, and Z
is 20.5%. Based on the boxplots, which site—I, II, or III—is the most likely site where the piece of
pottery originated? Justify your choice.

(i) Suppose only one chemical could be analyzed in the piece of pottery. Which chemical—X, Y, or Z—
would be the most useful in identifying the site where the piece of pottery originated? Justify your
choice.

© 2017 The College Board.
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5. The table and the bar chart below summarize the age at diagnosis, in years, for a random sample of 207 men and
women currently being treated for schizophrenia.

Age-Group (years)

20 to 29 30 to 39 40 to 49 50 to 59 Total
Women 46 40 21 12 119
Men 53 23 9 3 88
Total 99 63 30 15 207
100%
[ T \
5 80% § \ \_
EPA\\ \ N
S so0al \\ \ \
: 40% N\ k \\—
5 20% AN
- 1
0%

20029 30to39 40to49 50 toS59
Age-Group (years)

|8 Men K Women|

Do the data provide convincing statistical evidence of an association between age-group and gender in the
diagnosis of schizophrenia?

© 2017 The College Board.
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STATISTICS
SECTION II
Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II score—25

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

6. Consider an experiment in which two men and two women will be randomly assigned to either a treatment group
or a control group in such a way that each group has two people. The people are identified as Man 1, Man 2,
Woman 1, and Woman 2. The six possible arrangements are shown below.

Arrangement A Arrangement B Arrangement C

Treatment Control Treatment Control Treatment Control
Man 1 Woman 1 Man 1 Man 2 Man 1 Man 2
Man 2 Woman 2 Woman 1 Woman 2 Woman 2 Woman 1

Arrangement D

Arrangement E

Arrangement F

Treatment Control Treatment Control Treatment Control
Woman 1 Man 1 Man 2 Man 1 Man 2 Man 1
Woman 2 Man 2 Woman 2 Woman 1 Woman 1 Woman 2

Two possible methods of assignment are being considered: the sequential coin flip method, as described in
part (a), and the chip method, as described in part (b). For each method, the order of the assignment will be
Man 1, Man 2, Woman 1, Woman 2.

(a) For the sequential coin flip method, a fair coin is flipped until one group has two people. An outcome of tails
assigns the person to the treatment group, and an outcome of heads assigns the person to the control group.
As soon as one group has two people, the remaining people are automatically assigned to the other group.

(i) Complete the table below by calculating the probability of each arrangement occurring if the sequential
coin flip method is used.

Arrangement A B C D E F

Probability

(i1) For the sequential coin flip method, what is the probability that Man 1 and Man 2 are assigned to the
same group?

© 2017 The College Board.
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The six arrangements are repeated below.

2017 AP° STATISTICS FREE-RESPONSE QUESTIONS

Arrangement A

Arrangement B

Arrangement C

Treatment Control Treatment Control Treatment Control
Man 1 Woman 1 Man 1 Man 2 Man 1 Man 2
Man 2 Woman 2 Woman 1 ‘Woman 2 Woman 2 Woman 1

Arrangement D

Arrangement E

Arrangement F

Treatment Control Treatment Control Treatment Control
Woman 1 Man 1 Man 2 Man 1 Man 2 Man 1
Woman 2 Man 2 Woman 2 Woman 1 Woman 1 Woman 2

(b) For the chip method, two chips are marked “treatment” and two chips are marked “control.” Each person
selects one chip at random without replacement.

(1) Complete the table below by calculating the probability of each arrangement occurring if the chip
method is used.

Arrangement A B C D E F

Probability

(i1) For the chip method, what is the probability that Man 1 and Man 2 are assigned to the same group?

(c) Sixteen participants consisting of 10 students and 6 teachers at an elementary school will be used for an
experiment to determine lunch preference for the school population of students and teachers. As the
participants enter the school cafeteria for lunch, they will be randomly assigned to receive one of two
lunches so that 8 will receive a salad, and 8 will receive a grilled cheese sandwich. The students will enter
the cafeteria first, and the teachers will enter next. Which method, the sequential coin flip method or the chip
method, should be used to assign the treatments? Justify your choice.

STOP

END OF EXAM

© 2017 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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Table A Standard normal probabilities

Table entry for z is the
probability lying below z.

2017 AP° STATISTICS FREE-RESPONSE QUESTIONS

Probability

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
-34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
-32 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
-2.9 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
-2.7 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
=23 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
-24 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
-2.3 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 0084
=22 .0139 .0136 .0132 .0129 0125 .0122 0119 .0116 .0113 .0110
-2.1 .0179 .0174 .0170 .0166 .0162 .0158 0154 .0150 .0146 .0143
-2.0 .0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 .0183
-19 .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
-1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
-1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367
-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
=15 .0668 0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .0559
-1.4 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
-13 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
-1.2 1151 1131 112 .1093 1075 .1056 .1038 .1020 .1003 .0985
-1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 1170
-1.0 1587 1562 1539 1515 .1492 .1469 .1446 .1423 1401 1379
-0.9 1841 1814 1788 1762 .1736 711 .1685 .1660 .1635 1611
-0.8 2119 .2090 .2061 .2033 .2005 1977 .1949 1922 .1894 1867
-0.7 .2420 .2389 2358 2327 .2296 .2266 .2236 .2206 2177 2148
-0.6 2743 .2709 2676 .2643 2611 2578 2546 2514 .2483 2451
-0.5 .3085 .3050 3015 2981 .2946 2912 28717 .2843 2810 2776
-0.4 3446 .3409 3372 3336 .3300 .3264 3228 3192 3156 3121
-0.3 3821 3783 3745 3707 .3669 .3632 3594 .3557 .3520 .3483
-0.2 4207 4168 4129 4090 4052 4013 3974 .3936 .3897 3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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Probability
Table entry for z is the
probability lying below z.
4
Table A (Continued)

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 .5160 5199 .5239 .5279 5319 5359
0.1 .5398 .5438 .5478 5517 .5557 .5596 .5636 5675 5714 5753
0.2 .5793 .5832 5871 5910 .5948 5987 .6026 .6064 .6103  .6141
0.3 .6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480  .6517
0.4 .6554 .6591 .6628 6664 .6700 .6736 6772 .6808 .6844 6879
0.5 .6915 .6950 .6985 7019 7054 .7088 7123 7157 7190 7224
0.6 1257 7291 7324 7357 7389 7422 7454 .7486 517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 7939 7967 7995 .8023 .8051 .8078 .8106  .8133
0.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365  .8389
1.0 .8413 .8438 .8461 .8485 .8508 8531 .8554 .8577 .8599  .8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810  .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 .9066 9082 .9099 9115 9131 9147 9162 9177
1.4 9192 .9207 .9222 9236 9251 .9265 .9279 .9292 9306 9319
1.5 9332 .9345 .9357 .9370 9382 .9394 .9406 9418 9429 9441
1.6 9452 .9463 9474 9484 .9495 .9505 9515 .9525 9535 9545
1.7 9554 .9564 .9573 .9582 9591 .9599 .9608 9616 9625 9633
1.8 9641 .9649 9656 9664 9671 9678 .9686 .9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 .9793 9798 .9803 .9808 9812 9817
2.1 9821 .9826 .9830 9834 .9838 9842 .9846 .9850 9854 9857
22 9861 .9864 9868 9871 9875 9878 .9881 9884 9887 9890
2.3 .9893 .9896 9898 .9901 .9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 9922 .9925 .9927 .9929 9931 9932 9934 9936
2.5 9938 .9940 9941 .9943 .9945 .9946 .9948 9949 9951 .9952
2.6 .9953 .9955 .9956 .9957 .9959 .9960 9961 .9962 29963 9964
2.7 .9965 .9966 .9967 .9968 .9969 .9970 9971 9972 9973 9974
2.8 9974 .9975 .9976 9977 9977 .9978 .9979 .9979 29980  .9981
29 9981 .9982 .9982 .9983 9984 .9984 .9985 9985 9986  .9986
3.0 9987 .9987 9987 .9988 .9988 9989 .9989 .9989 29990 9990
3.1 9990 9991 19991 9991 .9992 .9992 .9992 .9992 9993 .9993
32 .9993 .9993 9994 9994 .9994 9994 .9994 .9995 29995 9995
33 9995 .9995 .9995 .9996 .9996 9996 .9996 .9996 9996 9997
3.4 9997 .9997 9997 9997 .9997 9997 .9997 .9997 29997 .9998
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Table entry for p and

C is the point * with Probability p
probability p lying
above it and
probability C lying
between —t* and r*.
t*
Table B ¢ distribution critical values
Tail probability p
df 25 .20 15 .10 .05 .025 .02 .01 .005 .0025 .001 .0005
1 1.000 1.376 1.963 3.078 6.314 12.71 15.89 31.82 63.66 127.3 318.3 636.6
2 816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 22.33 31.60
3 765 978 1.250 1.638 2.353 3.182 3.482 4.541 5.841 7.453 10.21 12.92
4 7141 941 1.190 1.533 2.132 2.776 2.999 3.747 4.604 5.598 7.173 8.610
5 127 920 1.156 1.476 2.015 2.571 2.757 3.365 4.032 4.773 5.893 6.869
6 718 .906 1.134 1.440 1.943 2.447 2.612 3.143 3.707 4.317 5.208 5.959
7 11 .896 1.119 1.415 1.895 2.365 2.517 2.998 3.499 4.029 4.785 5.408
8 7106 .889 1.108 1.397 1.860 2.306 2.449 2.896 3.355 3.833 4.501 5.041
9 703 .883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781
10 700 879 1.093 1.372 1.812 2.228 2.359 2.764 3.169 3.581 4.144 4.587
11 .697 .876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4.437
12 .695 873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3.930 4.318
13 .694 .870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3.372 3.852 4.221
14 .692 .868 1.076 1.345 1.761 2.145 2.264 2.624 2.977 3.326 3.787 4.140
15 .691 .866 1.074 1.341 1.753 2.131 2.249 2.602 2.947 3.286 3.733 4.073
16 .690 .865 1.071 1.337 1.746 2.120 2.235 2.583 2.921 3.252 3.686 4.015
17 .689 .863 1.069 1.333 1.740 2.110 2.224 2.567 2.898 3.222 3.646 3.965
18 .688 .862 1.067 1.330 1.734 2.101 2.214 2.552 2.878 3.197 3.611 3.922
19 .688 .861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883
20 .687 .860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850
21 .686 .859 1.063 1.323 1.721 2.080 2.189 2.518 2.831 3.135 3.527 3.819
22 .686 858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792
23 .685 .858 1.060 1.319 1.714 2.069 2.177 2.500 2.807 3.104 3.485 3.768
24 .685 857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745
25 .684 .856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725
26 .684 .856 1.058 1.315 1.706 2.056 2.162 2.479 2.779 3.067 3.435 3.707
27 .684 855 1.057 1.314 1.703 2.052 2.158 2.473 2.771 3.057 3.421 3.690
28 .683 .855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674
29 .683 854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.396 3.659
30 .683 854 1.055 1.310 1.697 2.042 2.147 2.457 2.750 3.030 3.385 3.646
40 .681 851 1.050 1.303 1.684 2.021 2.123 2.423 2.704 2971 3.307 3.551
50 .679 .849 1.047 1.299 1.676 2.009 2.109 2.403 2.678 2.937 3.261 3.496
60 .679 .848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2915 3.232 3.460
80 .678 .846 1.043 1.292 1.664 1.990 2.088 2.374 2.639 2.887 3.195 3416
100 677 .845 1.042 1.290 1.660 1.984 2.081 2.364 2.626 2.871 3.174 3.390
1000 .675 .842 1.037 1.282 1.646 1.962 2.056 2.330 2.581 2.813 3.098 3.300
o0 .674 .841 1.036 1.282 1.645 1.960 2.054 2.326 2.576 2.807 3.091 3.291
50% 60% 70% 80% 90% 95% 96% 98% 99% 99.5% 99.8% 99.9%

Confidence level C
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Probability p
Table entry for p is the point
(x?) with probability p lying
above it.
1
)
Table C 42 critical values
Tail probability p
df .25 .20 .15 .10 .05 .025 .02 .01 .005 .0025  .001 .0005
1 1.32 1.64 2.07 2.71 3.84 5.02 5.41 6.63 7.88 9.14 10.83 12.12
2 2.77 3.22 3.79 4.61 5.99 7.38 7.82 9.21 10.60 1198  13.82 15.20
3 4.11 4.64 5.32 6.25 7.81 9.35 9.84 11.34 12.84 14.32 16.27 17.73
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 1642 1847 20.00
5 6.63 7.29 8.12 9.24 11.07 12.83 13.39 15.09 16.75 18.39 20.51 22.11
6 7.84 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.55 20.25  22.46 24.10
7 9.04 9.80 10.75 12.02 14.07 16.01 16.62 18.48 20.28 22.04 24.32 26.02
8 10.22 11.03 12.03 13.36 15.51 17.53 18.17 20.09 21.95 23.77 26.12 27.87
9 11.39 12.24 13.29 14.68 16.92 19.02 19.68 21.67 23.59 25.46 27.88 29.67
10 12.55 13.44 14.53 15.99 18.31 20.48 21.16 23.21 25.19 27.11  29.59 31.42
11 13.70 14.63 15.77 17.28 19.68 21.92 22.62 24.72 26.76 28.73 31.26 33.14
12 14.85 15.81 16.99 18.55 21.03 23.34 24.05 26.22 28.30 30.32 3291 34.82
13 15.98 16.98 18.20 19.81 22.36 24.74 25.47 27.69 29.82 31.88 34,53 36.48
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 29.14 31.32 33.43 36.12 38.11
15 18.25 19.31 20.60 22.31 25.00 27.49 28.26 30.58 32.80 3495  37.70 39.72
16 19.37 20.47 21.79 23.54 26.30 28.85 29.63 32.00 34.27 36.46 39.25 41.31
17 20.49 21.61 22.98 24.77 27.59 30.19 31.00 3341 35.72 3795  40.79 42.88
18 21.60 22.76 24.16 25.99 28.87 31.53 32.35 34.81 37.16 39.42 42.31 44.43
19 22.72 23.90 25.33 27.20 30.14 32.85 33.69 36.19 38.58 40.88  43.82 45.97
20 23.83 25.04 26.50 28.41 31.41 34.17 35.02 37.57 40.00 42.34 45.31 47.50
21 24.93 26.17 27.66 29.62 32.67 35.48 36.34 38.93 41.40 4378  46.80 49.01
22 26.04 27.30 28.82 30.81 33.92 36.78 37.66 40.29 42.80 45.20 48.27 50.51
23 27.14 28.43 29.98 32.01 35.17 38.08 38.97 41.64 44.18 46.62  49.73 52.00
24 28.24 29.55 31.13 33.20 36.42 39.36 40.27 42.98 45.56 48.03 51.18 53.48
25 29.34 30.68 32.28 34.38 37.65 40.65 41.57 4431 46.93 4944  52.62 54.95
26 30.43 31.79 33.43 35.56 38.89 41.92 42.86 45.64 48.29 50.83  54.05 56.41
27 31.53 32.91 34.57 36.74 40.11 43.19 44.14 46.96 49.64 52.22 55.48 57.86
28 32.62 34.03 35.71 37.92 41.34 44.46 4542 48.28 50.99 53.59  56.89 59.30
29 33.71 35.14 36.85 39.09 42.56 45.72 46.69 49.59 52.34 5497  58.30 60.73
30 34.80 36.25 37.99 40.26 43.717 46.98 47.96 50.89 53.67 56.33  59.70 62.16
40 45.62 47.27 49.24 51.81 55.76 59.34 60.44 63.69 66.77 69.70 73.40 76.09
50 56.33 58.16 60.35 63.17 67.50 71.42 72.61 76.15 79.49 82.66  86.66 89.56
60 66.98 68.97 71.34 74.40 79.08 83.30 84.58 88.38 91.95 95.34 99.61 102.7
80 88.13 90.41 93.11 96.58 1019 106.6 108.1 112.3 116.3 120.1 124.8 128.3
100 109.1 111.7 114.7 118.5 124.3 129.6 131.1 135.8 140.2 144.3 149.4 153.2
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Formulas

I Descriptive Statistics

Sy —\/—Zx—x
) (nl—l)s%+(n2—l)s%
v (m, = 1) + (n, = 1)
y b0+bx
b :Z(Xi_)_c)(yi_y)
1 2
z(xi_x)
b0=§—b1)_c
1 x.—x\y.—-Yy
r=n—lz[ lsx J[ lsy J
Sy
blzl’g
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(v, 9,)
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(II) Probability

P(A U B) = P(A) + P(B) — P(A N B)

P(A N B)

P(A|B) = o)

E(X)=py = le-pl-
Var(X) = 6)26 = Z(xl,— }.lx)z p;

If X has a binomial distribution with parameters 7 and p, then:

P(X = k) = (ij" (- pyk

UWx = np
o, == p)
ng =p

If x is the mean of a random sample of size n from an infinite
population with mean p and standard deviation o, then:

Uy = U

O— =
X

o
Vn



2018 AP® STATISTICS FREE-RESPONSE QUESTIONS

(IIT) ~ Inferential Statistics

) .. statistic —parameter
Standardized test statistic: - p —
standard deviation of statistic

Confidence interval: statistic = (critical value) » (standard deviation of statistic)

Single-Sample

Statistic Standard Deviation
of Statistic

s

Sample Mean

. pd-p)
Sample Proportion ~ 1

Two-Sample

Standard Deviation

Statistic
Difference of 2 2
o1 , 9
sample means ——
ny )

Special case when o, = o,
1 1
ol—+—
nom

Difference qf p(=p) p,(=p,)
sample proportions » + n
1

Special case when p; = p,

1 1
1- — 4+ —
p( p) m ny

. . (observed — expected)’
Chi-square test statistic = z expected
X
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STATISTICS
SECTION II
Part A
Questions 1-5

Spend about 1 hour and 5 minutes on this part of the exam.
Percent of Section II score—75

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

1. The manager of a grocery store selected a random sample of 11 customers to investigate the relationship
between the number of customers in a checkout line and the time to finish checkout. As soon as the selected
customer entered the end of a checkout line, data were collected on the number of customers in line who were in
front of the selected customer and the time, in seconds, until the selected customer was finished with the
checkout. The data are shown in the following scatterplot along with the corresponding least-squares regression
line and computer output.

1,250
1,000
o)
g 750
2
.Qé 500+
F
2501
0- : : : : : : |
o 1 2 3 4 5 6 17
Customers in Line
Predictor Coef SE Coef T P
Constant 72.95 110.36 0.66 0.525
Customers in line 174.40 35.06 4.97 0.001
S =200.01 R-Sq =73.33% R-Sq (adj) =70.37%

(a) Identify and interpret in context the estimate of the intercept for the least-squares regression line.

(b) Identify and interpret in context the coefficient of determination, r.

(c) One of the data points was determined to be an outlier. Circle the point on the scatterplot and explain why
the point is considered an outlier.

© 2018 The College Board.
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2. An environmental science teacher at a high school with a large population of students wanted to estimate the
proportion of students at the school who regularly recycle plastic bottles. The teacher selected a random sample
of students at the school to survey. Each selected student went into the teacher’s office, one at a time, and was
asked to respond yes or no to the following question.

Do you regularly recycle plastic bottles?

Based on the responses, a 95 percent confidence interval for the proportion of all students at the school who
would respond yes to the question was calculated as (0.584, 0.816).

(a) How many students were in the sample selected by the environmental science teacher?

(b) Given the method used by the environmental science teacher to collect the responses, explain how bias
might have been introduced and describe how the bias might affect the point estimate of the proportion of all
students at the school who would respond yes to the question.

(c) The statistics teacher at the high school was concerned about the potential bias in the survey. To obtain a
potentially less biased estimate of the proportion, the statistics teacher used an alternate method for
collecting student responses. A random sample of 300 students was selected, and each student was given the
following instructions on how to respond to the question.

* In private, flip a fair coin.
* If heads, you must respond no, regardless of whether you regularly recycle.
o If tails, please truthfully respond yes or no.

(1) What is the expected number of students from the sample of 300 who would be required to respond no
because the coin flip resulted in heads?

(i) The results of the sample showed that 213 of the 300 selected students responded no. Based on the
results of the sample, give a point estimate for the proportion of all students at the high school who
would respond yes to the question.

© 2018 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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3. Approximately 3.5 percent of all children born in a certain region are from multiple births (that is, twins, triplets,
etc.). Of the children born in the region who are from multiple births, 22 percent are left-handed. Of the children
born in the region who are from single births, 11 percent are left-handed.

(a) What is the probability that a randomly selected child born in the region is left-handed?

(b) What is the probability that a randomly selected child born in the region is a child from a multiple birth,
given that the child selected is left-handed?

(¢) A random sample of 20 children born in the region will be selected. What is the probability that the sample
will have at least 3 children who are left-handed?

© 2018 The College Board.
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4. The anterior cruciate ligament (ACL) is one of the ligaments that help stabilize the knee. Surgery is often
recommended if the ACL is completely torn, and recovery time from the surgery can be lengthy. A medical
center developed a new surgical procedure designed to reduce the average recovery time from the surgery. To
test the effectiveness of the new procedure, a study was conducted in which 210 patients needing surgery to
repair a torn ACL were randomly assigned to receive either the standard procedure or the new procedure.

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

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

Type of Sample Mean Recovery Time Standard Deviation
Procedure Size (days) Recovery Time (days)
Standard 110 217 34
New 100 186 29

Do the data provide convincing statistical evidence that those who receive the new procedure will have less
recovery time from the surgery, on average, than those who receive the standard procedure, for patients
similar to those in the study?

© 2018 The College Board.
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5. The following histograms summarize the teaching year for the teachers at two high schools, A and B.

High School A High School B
80— 807T=—=—""""""
70— "% -
60{-—-—-----— 60+ (-

5, 0= >, 0+

Q | e Q Jd - ___

§ 401+ - - § 40+ |-
o o

= ] - | = 1 T

* 304 -—] = e T R e B

2«4 L - 2004 | | | B~—"T""""""""-
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- ____I ________________ O =1 1 1 1 1 1 1 I —r- I_l __________

1 4 7 10 13 16 19 22 25 28 31 34 1 4 7 10 13 16 19 22 25 28 31 34

Teaching Year Teaching Year

Teaching year is recorded as an integer, with first-year teachers recorded as 1, second-year teachers recorded as
2, and so on. Both sets of data have a mean teaching year of 8.2, with data recorded from 200 teachers at High
School A and 221 teachers at High School B. On the histograms, each interval represents possible integer values
from the left endpoint up to but not including the right endpoint.

(a) The median teaching year for one high school is 6, and the median teaching year for the other high school is
7. Identify which high school has each median and justify your answer.

(b) An additional 18 teachers were not included with the data recorded from the 200 teachers at High School A.
The mean teaching year of the 18 teachers is 2.5. What is the mean teaching year for all 218 teachers at High
School A?

(c) The standard deviation of the teaching year for the 221 teachers at High School B is 7.2. If one teacher is
selected at random from High School B, what is the probability that the teaching year for the selected
teacher will be within 1 standard deviation of the mean of 8.2 ? Justify your answer.

© 2018 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
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STATISTICS
SECTION II
Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II score—25

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

6. Systolic blood pressure is the amount of pressure that blood exerts on blood vessels while the heart is beating.
The mean systolic blood pressure for people in the United States is reported to be 122 millimeters of mercury
(mmHg) with a standard deviation of 15 mmHg.

The wellness department of a large corporation is investigating whether the mean systolic blood pressure of
its employees is greater than the reported national mean. A random sample of 100 employees will be selected,
the systolic blood pressure of each employee in the sample will be measured, and the sample mean will be
calculated.

Let u represent the mean systolic blood pressure of all employees at the corporation. Consider the following
hypotheses.

Hy:u =122
H, : p>122

(a) Describe a Type II error in the context of the hypothesis test.

(b) Assume that o, the standard deviation of the systolic blood pressure of all employees at the corporation, is
15 mmHg. If u =122, the sampling distribution of X for samples of size 100 is approximately normal with

a mean of 122 mmHg and a standard deviation of 1.5 mmHg. What values of the sample mean x would
represent sufficient evidence to reject the null hypothesis at the significance level of o = 0.05?

The actual mean systolic blood pressure of all employees at the corporation is 125 mmHg, not the hypothesized
value of 122 mmHg, and the standard deviation is 15 mmHg.

(c) Using the actual mean of 125 mmHg and the results from part (b), determine the probability that the null
hypothesis will be rejected.

(d) What statistical term is used for the probability found in part (c) ?

(e) Suppose the size of the sample of employees to be selected is greater than 100. Would the probability of
rejecting the null hypothesis be greater than, less than, or equal to the probability calculated in part (c) ?
Explain your reasoning.

STOP

END OF EXAM

© 2018 The College Board.
Visit the College Board on the Web: www.collegeboard.org.
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Probability

Table entry for z is the
probability lying below z.

<
Table A Standard normal probabilities
z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
-34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
-3.2 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
-29 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
-2.7 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
-2.5 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
-2.4 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
-23 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
-2.2 .0139 .0136 0132 .0129 .0125 0122 .0119 .0116 .0113 .0110
-2.1 .0179 .0174 .0170 .0166 .0162 .0158 .0154 .0150 .0146 .0143
-2.0 .0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 .0183
-1.9 .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
-1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
-1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367
-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
-1.5 .0668 .0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .0559
-1.4 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
-1.3 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
-1.2 1151 1131 1112 .1093 1075 .1056 .1038 .1020 .1003 .0985
-1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 1170
-1.0 .1587 1562 .1539 1515 1492 .1469 .1446 .1423 1401 1379
-0.9 1841 .1814 .1788 1762 1736 1711 .1685 .1660 .1635 1611
-0.8 2119 2090 2061 .2033 2005 1977 .1949 .1922 .1894 1867
-0.7 .2420 .2389 2358 2327 2296 2266 2236 2206 2177 2148
-0.6 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
-0.5 .3085 3050 3015 2981 2946 2912 28717 2843 2810 2776
-04 .3446 .3409 3372 .3336 .3300 .3264 3228 3192 3156 3121
-0.3 3821 3783 3745 .3707 .3669 3632 3594 3557 .3520 .3483
-0.2 4207 4168 4129 4090 4052 4013 3974 .3936 .3897 .3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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Probability
Table entry for z is the
probability lying below z.
4
Table A (Continued)

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 .5160 5199 .5239 .5279 5319 5359
0.1 .5398 .5438 .5478 5517 .5557 .5596 .5636 5675 5714 5753
0.2 .5793 .5832 5871 5910 .5948 5987 .6026 .6064 .6103  .6141
0.3 .6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480  .6517
0.4 .6554 .6591 .6628 6664 .6700 .6736 6772 .6808 .6844 6879
0.5 .6915 .6950 .6985 7019 7054 .7088 7123 7157 7190 7224
0.6 1257 7291 7324 7357 7389 7422 7454 .7486 517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 7939 7967 7995 .8023 .8051 .8078 .8106  .8133
0.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365  .8389
1.0 .8413 .8438 .8461 .8485 .8508 8531 .8554 .8577 .8599  .8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810  .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 .9066 9082 .9099 9115 9131 9147 9162 9177
1.4 9192 .9207 .9222 9236 9251 .9265 .9279 .9292 9306 9319
1.5 9332 .9345 .9357 .9370 9382 .9394 .9406 9418 9429 9441
1.6 9452 .9463 9474 9484 .9495 .9505 9515 .9525 9535 9545
1.7 9554 .9564 .9573 .9582 9591 .9599 .9608 9616 9625 9633
1.8 9641 .9649 9656 9664 9671 9678 .9686 .9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 .9793 9798 .9803 .9808 9812 9817
2.1 9821 .9826 .9830 9834 .9838 9842 .9846 .9850 9854 9857
22 9861 .9864 9868 9871 9875 9878 .9881 9884 9887 9890
2.3 .9893 .9896 9898 .9901 .9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 9922 .9925 .9927 .9929 9931 9932 9934 9936
2.5 9938 .9940 9941 .9943 .9945 .9946 .9948 9949 9951 .9952
2.6 .9953 .9955 .9956 .9957 .9959 .9960 9961 .9962 29963 9964
2.7 .9965 .9966 .9967 .9968 .9969 .9970 9971 9972 9973 9974
2.8 9974 .9975 .9976 9977 9977 .9978 .9979 .9979 29980  .9981
29 9981 .9982 .9982 .9983 9984 .9984 .9985 9985 9986  .9986
3.0 9987 .9987 9987 .9988 .9988 9989 .9989 .9989 29990 9990
3.1 9990 9991 19991 9991 .9992 .9992 .9992 .9992 9993 .9993
32 .9993 .9993 9994 9994 .9994 9994 .9994 .9995 29995 9995
33 9995 .9995 .9995 .9996 .9996 9996 .9996 .9996 9996 9997
3.4 9997 .9997 9997 9997 .9997 9997 .9997 .9997 29997 .9998
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Table entry for p and

C is the point * with Probability p
probability p lying
above it and
probability C lying
between —t* and r*.
t*
Table B ¢ distribution critical values
Tail probability p
df 25 .20 15 .10 .05 .025 .02 .01 .005 .0025 .001 .0005
1 1.000 1.376 1.963 3.078 6.314 12.71 15.89 31.82 63.66 127.3 318.3 636.6
2 816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 22.33 31.60
3 765 978 1.250 1.638 2.353 3.182 3.482 4.541 5.841 7.453 10.21 12.92
4 7141 941 1.190 1.533 2.132 2.776 2.999 3.747 4.604 5.598 7.173 8.610
5 127 920 1.156 1.476 2.015 2.571 2.757 3.365 4.032 4.773 5.893 6.869
6 718 .906 1.134 1.440 1.943 2.447 2.612 3.143 3.707 4.317 5.208 5.959
7 11 .896 1.119 1.415 1.895 2.365 2.517 2.998 3.499 4.029 4.785 5.408
8 7106 .889 1.108 1.397 1.860 2.306 2.449 2.896 3.355 3.833 4.501 5.041
9 703 .883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781
10 700 879 1.093 1.372 1.812 2.228 2.359 2.764 3.169 3.581 4.144 4.587
11 .697 .876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4.437
12 .695 873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3.930 4.318
13 .694 .870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3.372 3.852 4.221
14 .692 .868 1.076 1.345 1.761 2.145 2.264 2.624 2.977 3.326 3.787 4.140
15 .691 .866 1.074 1.341 1.753 2.131 2.249 2.602 2.947 3.286 3.733 4.073
16 .690 .865 1.071 1.337 1.746 2.120 2.235 2.583 2.921 3.252 3.686 4.015
17 .689 .863 1.069 1.333 1.740 2.110 2.224 2.567 2.898 3.222 3.646 3.965
18 .688 .862 1.067 1.330 1.734 2.101 2.214 2.552 2.878 3.197 3.611 3.922
19 .688 .861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883
20 .687 .860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850
21 .686 .859 1.063 1.323 1.721 2.080 2.189 2.518 2.831 3.135 3.527 3.819
22 .686 858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792
23 .685 .858 1.060 1.319 1.714 2.069 2.177 2.500 2.807 3.104 3.485 3.768
24 .685 857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745
25 .684 .856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725
26 .684 .856 1.058 1.315 1.706 2.056 2.162 2.479 2.779 3.067 3.435 3.707
27 .684 855 1.057 1.314 1.703 2.052 2.158 2.473 2.771 3.057 3.421 3.690
28 .683 .855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674
29 .683 854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.396 3.659
30 .683 854 1.055 1.310 1.697 2.042 2.147 2.457 2.750 3.030 3.385 3.646
40 .681 851 1.050 1.303 1.684 2.021 2.123 2.423 2.704 2971 3.307 3.551
50 .679 .849 1.047 1.299 1.676 2.009 2.109 2.403 2.678 2.937 3.261 3.496
60 .679 .848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2915 3.232 3.460
80 .678 .846 1.043 1.292 1.664 1.990 2.088 2.374 2.639 2.887 3.195 3416
100 677 .845 1.042 1.290 1.660 1.984 2.081 2.364 2.626 2.871 3.174 3.390
1000 .675 .842 1.037 1.282 1.646 1.962 2.056 2.330 2.581 2.813 3.098 3.300
o0 .674 .841 1.036 1.282 1.645 1.960 2.054 2.326 2.576 2.807 3.091 3.291
50% 60% 70% 80% 90% 95% 96% 98% 99% 99.5% 99.8% 99.9%

Confidence level C
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Probability p
Table entry for p is the point
(x?) with probability p lying
above it.
1
)
Table C 42 critical values
Tail probability p
df .25 .20 .15 .10 .05 .025 .02 .01 .005 .0025  .001 .0005
1 1.32 1.64 2.07 2.71 3.84 5.02 5.41 6.63 7.88 9.14 10.83 12.12
2 2.77 3.22 3.79 4.61 5.99 7.38 7.82 9.21 10.60 1198  13.82 15.20
3 4.11 4.64 5.32 6.25 7.81 9.35 9.84 11.34 12.84 14.32 16.27 17.73
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 1642 1847 20.00
5 6.63 7.29 8.12 9.24 11.07 12.83 13.39 15.09 16.75 18.39 20.51 22.11
6 7.84 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.55 20.25  22.46 24.10
7 9.04 9.80 10.75 12.02 14.07 16.01 16.62 18.48 20.28 22.04 24.32 26.02
8 10.22 11.03 12.03 13.36 15.51 17.53 18.17 20.09 21.95 23.77 26.12 27.87
9 11.39 12.24 13.29 14.68 16.92 19.02 19.68 21.67 23.59 25.46 27.88 29.67
10 12.55 13.44 14.53 15.99 18.31 20.48 21.16 23.21 25.19 27.11  29.59 31.42
11 13.70 14.63 15.77 17.28 19.68 21.92 22.62 24.72 26.76 28.73 31.26 33.14
12 14.85 15.81 16.99 18.55 21.03 23.34 24.05 26.22 28.30 30.32 3291 34.82
13 15.98 16.98 18.20 19.81 22.36 24.74 25.47 27.69 29.82 31.88 34,53 36.48
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 29.14 31.32 33.43 36.12 38.11
15 18.25 19.31 20.60 22.31 25.00 27.49 28.26 30.58 32.80 3495  37.70 39.72
16 19.37 20.47 21.79 23.54 26.30 28.85 29.63 32.00 34.27 36.46 39.25 41.31
17 20.49 21.61 22.98 24.77 27.59 30.19 31.00 3341 35.72 3795  40.79 42.88
18 21.60 22.76 24.16 25.99 28.87 31.53 32.35 34.81 37.16 39.42 42.31 44.43
19 22.72 23.90 25.33 27.20 30.14 32.85 33.69 36.19 38.58 40.88  43.82 45.97
20 23.83 25.04 26.50 28.41 31.41 34.17 35.02 37.57 40.00 42.34 45.31 47.50
21 24.93 26.17 27.66 29.62 32.67 35.48 36.34 38.93 41.40 4378  46.80 49.01
22 26.04 27.30 28.82 30.81 33.92 36.78 37.66 40.29 42.80 45.20 48.27 50.51
23 27.14 28.43 29.98 32.01 35.17 38.08 38.97 41.64 44.18 46.62  49.73 52.00
24 28.24 29.55 31.13 33.20 36.42 39.36 40.27 42.98 45.56 48.03 51.18 53.48
25 29.34 30.68 32.28 34.38 37.65 40.65 41.57 4431 46.93 4944  52.62 54.95
26 30.43 31.79 33.43 35.56 38.89 41.92 42.86 45.64 48.29 50.83  54.05 56.41
27 31.53 32.91 34.57 36.74 40.11 43.19 44.14 46.96 49.64 52.22 55.48 57.86
28 32.62 34.03 35.71 37.92 41.34 44.46 4542 48.28 50.99 53.59  56.89 59.30
29 33.71 35.14 36.85 39.09 42.56 45.72 46.69 49.59 52.34 5497  58.30 60.73
30 34.80 36.25 37.99 40.26 43.717 46.98 47.96 50.89 53.67 56.33  59.70 62.16
40 45.62 47.27 49.24 51.81 55.76 59.34 60.44 63.69 66.77 69.70 73.40 76.09
50 56.33 58.16 60.35 63.17 67.50 71.42 72.61 76.15 79.49 82.66  86.66 89.56
60 66.98 68.97 71.34 74.40 79.08 83.30 84.58 88.38 91.95 95.34 99.61 102.7
80 88.13 90.41 93.11 96.58 1019 106.6 108.1 112.3 116.3 120.1 124.8 128.3
100 109.1 111.7 114.7 118.5 124.3 129.6 131.1 135.8 140.2 144.3 149.4 153.2
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Formulas

I Descriptive Statistics

Sy —\/—Zx—x
(nl—l)s%+(n2—1)s%
v (m, = 1) + (n, = 1)
y b0+bx
b = % (5~ %) -7)
LS
b0=§—b1)_c
I [xi—fj[yr?]
r=n—12 s s
X y
S
b1=rsl
z(yi_yi)z
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(II) Probability

P(A U B) = P(A) + P(B) — P(A N B)

P(A N B)

P(A|B) = o)

E(X)=py = le-pl-
Var(X) = 6)26 = Z(xl,— }.lx)z p;

If X has a binomial distribution with parameters 7 and p, then:

P(X = k) = (ij" (- pyk

UWx = np
o, == p)
ng =p

If x is the mean of a random sample of size n from an infinite
population with mean p and standard deviation o, then:

Uy = U

O— =
X

o
Vn
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(IIT) ~ Inferential Statistics

) .. statistic —parameter
Standardized test statistic: - p —
standard deviation of statistic

Confidence interval: statistic = (critical value) » (standard deviation of statistic)

Single-Sample

Statistic Standard Deviation
of Statistic

s

Sample Mean

. pd-p)
Sample Proportion ~ 1

Two-Sample

Standard Deviation

Statistic
Difference of 2 2
o1 , 9
sample means ——
ny )

Special case when o, = o,
1 1
ol—+—
nom

Difference qf p(=p) p,(=p,)
sample proportions » + n
1

Special case when p; = p,

1 1
1- — 4+ —
p( p) m ny

. . (observed — expected)’
Chi-square test statistic = z expected
X
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STATISTICS
SECTION II
Part A
Questions 1-5
Spend about 1 hour and 5 minutes on this part of the exam.
Percent of Section II score—75

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

1. The sizes, in square feet, of the 20 rooms in a student residence hall at a certain university are summarized in the
following histogram.

N W kR NN

Number of Rooms

0

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

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

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

Standard . .
Mean Deviation Min Q1 Median Q3 Max
231.4 68.12 134 174 253.5 292 315
© 2019 The College Board.

Visit the College Board on the web: collegeboard.org.
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Determine whether there are potential outliers in the data. Then use the following grid to sketch a boxplot of
room size.

| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
L | o I |l I ) D O I |, J
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
r———=" [ T 77 [ I L rTTTaT T I R == 1
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | L | I A B B
100 120 140 160 180 200 220 240 260 280 300 320 340 360

Room Size (square feet)

(c) What characteristic of the shape of the distribution of room size is apparent from the histogram but not from
the boxplot?

© 2019 The College Board.
Visit the College Board on the web: collegeboard.org.
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2. Researchers are investigating the effectiveness of using a fungus to control the spread of an insect that destroys
trees. The researchers will create four different concentrations of fungus mixtures: 0 milliliters per liter (ml/L),
1.25 ml/L, 2.5 ml/L, and 3.75 ml/L. An equal number of the insects will be placed into 20 individual containers.
The group of insects in each container will be sprayed with one of the four mixtures, and the researchers will
record the number of insects that are still alive in each container one week after spraying.

(a) Identify the treatments, experimental units, and response variable of the experiment.

Treatments:
Experimental units:

Response variable:

(b) Does the experiment have a control group? Explain your answer.

(c) Describe how the treatments can be randomly assigned to the experimental units so that each treatment
has the same number of units.

© 2019 The College Board.
Visit the College Board on the web: collegeboard.org.
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3. A medical researcher surveyed a large group of men and women about whether they take medicine as prescribed.
The responses were categorized as never, sometimes, or always. The relative frequency of each category is
shown in the table.

Never Sometimes Always Total

Men 0.0564 0.2016 0.2120 0.4700
Women 0.0636 0.1384 0.3280 0.5300
Total 0.1200 0.3400 0.5400 1.0000

(a) One person from those surveyed will be selected at random.

(i) What is the probability that the person selected will be someone whose response is never and who is a
woman?

(i) What is the probability that the person selected will be someone whose response is never or who is a
woman?

(iii) What is the probability that the person selected will be someone whose response is never given that the
person is a woman?

(b) For the people surveyed, are the events of being a person whose response is never and being a woman
independent? Justify your answer.

(c) Assume that, in a large population, the probability that a person will always take medicine as prescribed
is 0.54. If 5 people are selected at random from the population, what is the probability that at least 4 of
the people selected will always take medicine as prescribed? Support your answer.

© 2019 The College Board.
Visit the College Board on the web: collegeboard.org.
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4. Tumbleweed, commonly found in the western United States, is the dried structure of certain plants that are
blown by the wind. Kochia, a type of plant that turns into tumbleweed at the end of the summer, is a problem for
farmers because it takes nutrients away from soil that would otherwise go to more beneficial plants. Scientists
are concerned that kochia plants are becoming resistant to the most commonly used herbicide, glyphosate. In
2014, 19.7 percent of 61 randomly selected kochia plants were resistant to glyphosate. In 2017, 38.5 percent of
52 randomly selected kochia plants were resistant to glyphosate. Do the data provide convincing statistical
evidence, at the level of o = 0.05, that there has been an increase in the proportion of all kochia plants that are

resistant to glyphosate?
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5. A company that manufactures smartphones developed a new battery that has a longer life span than that of a
traditional battery. From the date of purchase of a smartphone, the distribution of the life span of the new battery
is approximately normal with mean 30 months and standard deviation 8 months. For the price of $50, the
company offers a two-year warranty on the new battery for customers who purchase a smartphone. The warranty
guarantees that the smartphone will be replaced at no cost to the customer if the battery no longer works within
24 months from the date of purchase.

(a) In how many months from the date of purchase is it expected that 25 percent of the batteries will no longer
work? Justify your answer.

(b) Suppose one customer who purchases the warranty is selected at random. What is the probability that the

customer selected will require a replacement within 24 months from the date of purchase because the battery
no longer works?

(c) The company has a gain of $50 for each customer who purchases a warranty but does not require
a replacement. The company has a loss (negative gain) of $150 for each customer who purchases a warranty

and does require a replacement. What is the expected value of the gain for the company for each warranty
purchased?
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STATISTICS
SECTION II
Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II score—25

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

6. Emma is moving to a large city and is investigating typical monthly rental prices of available one-bedroom
apartments. She obtained a random sample of rental prices for 50 one-bedroom apartments taken from a Web
site where people voluntarily list available apartments.

(a) Describe the population for which it is appropriate for Emma to generalize the results from her sample.
The distribution of the 50 rental prices of the available apartments is shown in the following histogram.

10

o

Frequency
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Rental Price
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(b) Emma wants to estimate the typical rental price of a one-bedroom apartment in the city. Based on the
distribution shown, what is a disadvantage of using the mean rather than the median as an estimate of the

typical rental price?

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

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

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

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

© 2019 The College Board.
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Emma ran the bootstrap process, and the following frequency table is the bootstrap distribution showing her
results of generating 15,000 medians.

Bootstrap Distribution of Medians
Median Frequency Median Frequency Median Frequency
2,345 1 2,585 1 2,825 247
2,390 13 2,587.5 171 2,837.5 7
2,395 18 2,600 22 2,847.5 1
2,400 56 2,612.5 1,190 2,872.5 317
2,445 4 2,625 174 2,885 10
2,447.5 56 2,672.5 5 2,950 700
2,450 55 2,675 1,924 2,962.5 93
2,475 3 2,687.5 1,341 2,972.5 6
2,495 66 2,700 2,825 2,975 65
2,497.5 136 2,735 35 2,985 12
2,500 1,899 2,747.5 619 2,987.5 1
2,522.5 2 2,750 2 2,995 6
2,525 945 2,795 278 3,000 2
2,550 1,673 2,812.5 16 3,062.5 3

The bootstrap distribution provides an approximation of the sampling distribution of the sample median.
A confidence interval for the median can be constructed using a percentage of the values in the middle of the
bootstrap distribution.

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

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

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

STOP

END OF EXAM
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Table A Standard normal probabilities

Table entry for z is the
probability lying below z.

2019 AP® STATISTICS FREE-RESPONSE QUESTIONS

Probability

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
-34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
-32 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
-2.9 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
-2.7 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
=23 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
-24 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
-2.3 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 0084
=22 .0139 .0136 .0132 .0129 0125 .0122 0119 .0116 .0113 .0110
-2.1 .0179 .0174 .0170 .0166 .0162 .0158 0154 .0150 .0146 .0143
-2.0 .0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 .0183
-19 .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
-1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
-1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367
-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
=15 .0668 0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .0559
-1.4 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
-13 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
-1.2 1151 1131 112 .1093 1075 .1056 .1038 .1020 .1003 .0985
-1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 1170
-1.0 1587 1562 1539 1515 .1492 .1469 .1446 .1423 1401 1379
-0.9 1841 1814 1788 1762 .1736 711 .1685 .1660 .1635 1611
-0.8 2119 .2090 .2061 .2033 .2005 1977 .1949 1922 .1894 1867
-0.7 .2420 .2389 2358 2327 .2296 .2266 .2236 .2206 2177 2148
-0.6 2743 .2709 2676 .2643 2611 2578 2546 2514 .2483 2451
-0.5 .3085 .3050 3015 2981 .2946 2912 28717 .2843 2810 2776
-0.4 3446 .3409 3372 3336 .3300 .3264 3228 3192 3156 3121
-0.3 3821 3783 3745 3707 .3669 .3632 3594 .3557 .3520 .3483
-0.2 4207 4168 4129 4090 4052 4013 3974 .3936 .3897 3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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Probability
Table entry for z is the
probability lying below z.
4
Table A (Continued)

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 .5160 5199 .5239 .5279 5319 5359
0.1 .5398 .5438 .5478 5517 .5557 .5596 .5636 5675 5714 5753
0.2 .5793 .5832 5871 5910 .5948 5987 .6026 .6064 .6103  .6141
0.3 .6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480  .6517
0.4 .6554 .6591 .6628 6664 .6700 .6736 6772 .6808 .6844 6879
0.5 .6915 .6950 .6985 7019 7054 .7088 7123 7157 7190 7224
0.6 1257 7291 7324 7357 7389 7422 7454 .7486 517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 7939 7967 7995 .8023 .8051 .8078 .8106  .8133
0.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365  .8389
1.0 .8413 .8438 .8461 .8485 .8508 8531 .8554 .8577 .8599  .8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810  .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 .9066 9082 .9099 9115 9131 9147 9162 9177
1.4 9192 .9207 .9222 9236 9251 .9265 .9279 .9292 9306 9319
1.5 9332 .9345 .9357 .9370 9382 .9394 .9406 9418 9429 9441
1.6 9452 .9463 9474 9484 .9495 .9505 9515 .9525 9535 9545
1.7 9554 .9564 .9573 .9582 9591 .9599 .9608 9616 9625 9633
1.8 9641 .9649 9656 9664 9671 9678 .9686 .9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 .9793 9798 .9803 .9808 9812 9817
2.1 9821 .9826 .9830 9834 .9838 9842 .9846 .9850 9854 9857
22 9861 .9864 9868 9871 9875 9878 .9881 9884 9887 9890
2.3 .9893 .9896 9898 .9901 .9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 9922 .9925 .9927 .9929 9931 9932 9934 9936
2.5 9938 .9940 9941 .9943 .9945 .9946 .9948 9949 9951 .9952
2.6 .9953 .9955 .9956 .9957 .9959 .9960 9961 .9962 29963 9964
2.7 .9965 .9966 .9967 .9968 .9969 .9970 9971 9972 9973 9974
2.8 9974 .9975 .9976 9977 9977 .9978 .9979 .9979 29980  .9981
29 9981 .9982 .9982 .9983 9984 .9984 .9985 9985 9986  .9986
3.0 9987 .9987 9987 .9988 .9988 9989 .9989 .9989 29990 9990
3.1 9990 9991 19991 9991 .9992 .9992 .9992 .9992 9993 .9993
32 .9993 .9993 9994 9994 .9994 9994 .9994 .9995 29995 9995
33 9995 .9995 .9995 .9996 .9996 9996 .9996 .9996 9996 9997
3.4 9997 .9997 9997 9997 .9997 9997 .9997 .9997 29997 .9998
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Table entry for p and

C is the point * with Probability p
probability p lying
above it and
probability C lying
between —t* and r*.
t*
Table B ¢ distribution critical values
Tail probability p
df 25 .20 15 .10 .05 .025 .02 .01 .005 .0025 .001 .0005
1 1.000 1.376 1.963 3.078 6.314 12.71 15.89 31.82 63.66 127.3 318.3 636.6
2 816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 22.33 31.60
3 765 978 1.250 1.638 2.353 3.182 3.482 4.541 5.841 7.453 10.21 12.92
4 7141 941 1.190 1.533 2.132 2.776 2.999 3.747 4.604 5.598 7.173 8.610
5 127 920 1.156 1.476 2.015 2.571 2.757 3.365 4.032 4.773 5.893 6.869
6 718 .906 1.134 1.440 1.943 2.447 2.612 3.143 3.707 4.317 5.208 5.959
7 11 .896 1.119 1.415 1.895 2.365 2.517 2.998 3.499 4.029 4.785 5.408
8 7106 .889 1.108 1.397 1.860 2.306 2.449 2.896 3.355 3.833 4.501 5.041
9 703 .883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781
10 700 879 1.093 1.372 1.812 2.228 2.359 2.764 3.169 3.581 4.144 4.587
11 .697 .876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4.437
12 .695 873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3.930 4.318
13 .694 .870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3.372 3.852 4.221
14 .692 .868 1.076 1.345 1.761 2.145 2.264 2.624 2.977 3.326 3.787 4.140
15 .691 .866 1.074 1.341 1.753 2.131 2.249 2.602 2.947 3.286 3.733 4.073
16 .690 .865 1.071 1.337 1.746 2.120 2.235 2.583 2.921 3.252 3.686 4.015
17 .689 .863 1.069 1.333 1.740 2.110 2.224 2.567 2.898 3.222 3.646 3.965
18 .688 .862 1.067 1.330 1.734 2.101 2.214 2.552 2.878 3.197 3.611 3.922
19 .688 .861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883
20 .687 .860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850
21 .686 .859 1.063 1.323 1.721 2.080 2.189 2.518 2.831 3.135 3.527 3.819
22 .686 858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792
23 .685 .858 1.060 1.319 1.714 2.069 2.177 2.500 2.807 3.104 3.485 3.768
24 .685 857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745
25 .684 .856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725
26 .684 .856 1.058 1.315 1.706 2.056 2.162 2.479 2.779 3.067 3.435 3.707
27 .684 855 1.057 1.314 1.703 2.052 2.158 2.473 2.771 3.057 3.421 3.690
28 .683 .855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674
29 .683 854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.396 3.659
30 .683 854 1.055 1.310 1.697 2.042 2.147 2.457 2.750 3.030 3.385 3.646
40 .681 851 1.050 1.303 1.684 2.021 2.123 2.423 2.704 2971 3.307 3.551
50 .679 .849 1.047 1.299 1.676 2.009 2.109 2.403 2.678 2.937 3.261 3.496
60 .679 .848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2915 3.232 3.460
80 .678 .846 1.043 1.292 1.664 1.990 2.088 2.374 2.639 2.887 3.195 3416
100 677 .845 1.042 1.290 1.660 1.984 2.081 2.364 2.626 2.871 3.174 3.390
1000 .675 .842 1.037 1.282 1.646 1.962 2.056 2.330 2.581 2.813 3.098 3.300
o0 .674 .841 1.036 1.282 1.645 1.960 2.054 2.326 2.576 2.807 3.091 3.291
50% 60% 70% 80% 90% 95% 96% 98% 99% 99.5% 99.8% 99.9%

Confidence level C

-16-



2019 AP® STATISTICS FREE-RESPONSE QUESTIONS

Probability p
Table entry for p is the point
(x?) with probability p lying
above it.
1
)
Table C 42 critical values
Tail probability p
df .25 .20 .15 .10 .05 .025 .02 .01 .005 .0025  .001 .0005
1 1.32 1.64 2.07 2.71 3.84 5.02 5.41 6.63 7.88 9.14 10.83 12.12
2 2.77 3.22 3.79 4.61 5.99 7.38 7.82 9.21 10.60 1198  13.82 15.20
3 4.11 4.64 5.32 6.25 7.81 9.35 9.84 11.34 12.84 14.32 16.27 17.73
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 1642 1847 20.00
5 6.63 7.29 8.12 9.24 11.07 12.83 13.39 15.09 16.75 18.39 20.51 22.11
6 7.84 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.55 20.25  22.46 24.10
7 9.04 9.80 10.75 12.02 14.07 16.01 16.62 18.48 20.28 22.04 24.32 26.02
8 10.22 11.03 12.03 13.36 15.51 17.53 18.17 20.09 21.95 23.77 26.12 27.87
9 11.39 12.24 13.29 14.68 16.92 19.02 19.68 21.67 23.59 25.46 27.88 29.67
10 12.55 13.44 14.53 15.99 18.31 20.48 21.16 23.21 25.19 27.11  29.59 31.42
11 13.70 14.63 15.77 17.28 19.68 21.92 22.62 24.72 26.76 28.73 31.26 33.14
12 14.85 15.81 16.99 18.55 21.03 23.34 24.05 26.22 28.30 30.32 3291 34.82
13 15.98 16.98 18.20 19.81 22.36 24.74 25.47 27.69 29.82 31.88 34,53 36.48
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 29.14 31.32 33.43 36.12 38.11
15 18.25 19.31 20.60 22.31 25.00 27.49 28.26 30.58 32.80 3495  37.70 39.72
16 19.37 20.47 21.79 23.54 26.30 28.85 29.63 32.00 34.27 36.46 39.25 41.31
17 20.49 21.61 22.98 24.77 27.59 30.19 31.00 3341 35.72 3795  40.79 42.88
18 21.60 22.76 24.16 25.99 28.87 31.53 32.35 34.81 37.16 39.42 42.31 44.43
19 22.72 23.90 25.33 27.20 30.14 32.85 33.69 36.19 38.58 40.88  43.82 45.97
20 23.83 25.04 26.50 28.41 31.41 34.17 35.02 37.57 40.00 42.34 45.31 47.50
21 24.93 26.17 27.66 29.62 32.67 35.48 36.34 38.93 41.40 4378  46.80 49.01
22 26.04 27.30 28.82 30.81 33.92 36.78 37.66 40.29 42.80 45.20 48.27 50.51
23 27.14 28.43 29.98 32.01 35.17 38.08 38.97 41.64 44.18 46.62  49.73 52.00
24 28.24 29.55 31.13 33.20 36.42 39.36 40.27 42.98 45.56 48.03 51.18 53.48
25 29.34 30.68 32.28 34.38 37.65 40.65 41.57 4431 46.93 4944  52.62 54.95
26 30.43 31.79 33.43 35.56 38.89 41.92 42.86 45.64 48.29 50.83  54.05 56.41
27 31.53 32.91 34.57 36.74 40.11 43.19 44.14 46.96 49.64 52.22 55.48 57.86
28 32.62 34.03 35.71 37.92 41.34 44.46 4542 48.28 50.99 53.59  56.89 59.30
29 33.71 35.14 36.85 39.09 42.56 45.72 46.69 49.59 52.34 5497  58.30 60.73
30 34.80 36.25 37.99 40.26 43.717 46.98 47.96 50.89 53.67 56.33  59.70 62.16
40 45.62 47.27 49.24 51.81 55.76 59.34 60.44 63.69 66.77 69.70 73.40 76.09
50 56.33 58.16 60.35 63.17 67.50 71.42 72.61 76.15 79.49 82.66  86.66 89.56
60 66.98 68.97 71.34 74.40 79.08 83.30 84.58 88.38 91.95 95.34 99.61 102.7
80 88.13 90.41 93.11 96.58 1019 106.6 108.1 112.3 116.3 120.1 124.8 128.3
100 109.1 111.7 114.7 118.5 124.3 129.6 131.1 135.8 140.2 144.3 149.4 153.2

-17-



Please note: Some of the questions in this former practice exam may
no longer perfectly align with the AP exam. Even though these
questions do not fully represent the 2020 exam, teachers indicate
that imperfectly aligned questions still provide instructional value.
Teachers can consult the Question Bank to determine the degree to
which these questions align to the 2020 Exam.

This exam may not be posted on school or personal websites, nor
electronically redistributed for any reason. This exam is provided by
the College Board for AP Exam preparation. Teachers are permitted to
download the materials and make copies to use with their students in a
classroom setting only. To maintain the security of this exam, teachers
should collect all materials after their administration and keep them in a
secure location.

Further distribution of these materials outside of the secure College
Board site disadvantages teachers who rely on uncirculated
questions for classroom testing. Any additional distribution is in
violation of the College Board’s copyright policies and may result in the
termination of Practice Exam access for your school as well as the
removal of access to other online services such as the AP Teacher
Community and Online Score Reports.

© 2020 College Board. Visit College Board on the Web: www.collegeboard.org.
AP Central is the official online home for the AP Program: apcentral.collegeboard.org


apcentral.collegeboard.org
www.collegeboard.org

From the 2018 Administration

AP Statistics

Practice Exam

This exam may not be posted on Further distribution of these
school or personal websites, nor materials outside of the secure
electronically redistributed for College Board site disadvantages
any reason. This Released Exam is teachers who rely on uncirculated
provided by the College Board for questions for classroom testing.
AP Exam preparation. Teachers are Any additional distribution is in
permitted to download the materials violation of the College Board’s

and make copies to use with their copyright policies and may result
students in a classroom setting only. in the termination of Practice Exam
To maintain the security of this exam, access for your school as well as the
teachers should collect all materials removal of access to other online
after their administration and keep services such as the AP Teacher
them in a secure location. Community and Online Score Reports.

© 2018 The College Board. College Board, Advanced Placement Program, AP, AP Central, and the acorn logo
are registered trademarks of the College Board. Visit the College Board on the Web: www.collegeboard.org.

AP Central is the official online home for the AP Program: apcentral.collegeboard.org


https://www.collegeboard.org/
https://apcentral.collegeboard.org/

Contents

Exam Instructions

Student Answer Sheet for the Multiple-Choice Section
Section I: Multiple-Choice Questions

Section II: Free-Response Questions

Multiple-Choice Answer Key

Free-Response Scoring Guidelines

Scoring Worksheet

Question Descriptors and Performance Data

Note: This publication shows the page numbers that appeared in
the 2017-18 AP Exam Instructions book and in the actual exam.
This publication was not repaginated to begin with page 1.

© 2018 The College Board. College Board, Advanced Placement Program, AP, SAT and the acorn logo are
registered trademarks of the College Board. All other products and services may be trademarks of their
respective owners. Permission to use copyrighted College Board materials may be requested online at:
www.collegeboard.org/request-form.


https://www.collegeboard.org/request-form

Exam Instructions

The following contains instructions taken from
the 2017-18 AP Exam Instructions book.



AP Statistics Exam

Regularly Scheduled Exam Date: Thursday afternoon, May 17, 2018
Late-Testing Exam Date: Wednesday morning, May 23, 2018

Sectionl Total Time: 1 hour and 30 minutes
Graphing calculator expected

Number of Questions: 40
(The number of questions may vary slightly depending on the form of the exam.)

Percent of Total Score: 50%
Writing Instrument: Pencil required

Sectionll Total Time: 1 hour and 30 minutes
Graphing calculator expected
Number of Questions: 6
Percent of Total Score: 50%
Writing Instrument: Either pencil or pen with black or dark blue ink

Before Distributing Exams: Check that the title on all exam covers is Statistics. If there are any exam booklets
with a different title, contact the AP coordinator immediately.

What Proctors Need to Bring to This Exam

00 Exam packets O Container for students’ electronic devices (if needed)
0 Answer sheets 0 Extra No. 2 pencils with erasers

O AP Student Packs 00 Extra pens with black or dark blue ink

0 2017-18 AP Coordinator’s Manual 0 Extra paper

00 This book—2017-18 AP Exam Instructions O Stapler

0 AP Exam Seating Chart template 0 Watch

00 School Code and Homeschool/Self-Study Codes O Signs for the door to the testing room

00 Extra graphing calculators — “Exam in Progress”

0 Pencil sharpener — “Cell phones are prohibited during the test

administration, including breaks”



2017-18 AP Exam Instructions

Students are expected to bring graphing calculators with statistical capabilities to the
AP Statistics Exam. Nongraphing scientific calculators are permitted as long as they
have the required computational capabilities. Before starting the exam administration,
make sure each student has a graphing calculator from the approved list on page 52 of
the 2017-18 AP Coordinator’s Manual or a scientific calculator. It is up to the student

to determine if a nongraphing scientific calculator has the required computational
capabilities. If a student does not have a graphing calculator from the approved list or an
appropriate scientific calculator, you may provide one from your supply. See pages 49-52
of the AP Coordinator’s Manual for more information. If the student does not want to use
the calculator you provide, or does not want to use a calculator at all, he or she must hand
copy, date, and sign the release statement on page 51 of the AP Coordinator’s Manual.

Students may have no more than two calculators on their desks. Calculators may not be
shared. Calculator memories do not need to be cleared before or after the exam. Students
with Hewlett-Packard 48-50 Series and Casio FX-9860 graphing calculators may use cards
designed for use with these calculators. Proctors should make sure infrared ports (Hewlett-
Packard) are not facing each other. Since graphing calculators can be used to store
data, including text, proctors should monitor that students are using their calculators
appropriately. Attempts by students to use the calculator to remove exam questions
and/or answers from the room may result in the cancellation of AP Exam scores.

secTioN I: Multiple Choice

> Do not begin the exam instructions below until you have completed the
appropriate General Instructions for your group.

Make sure you begin the exam at the designated time. Remember, you must complete
a seating chart for this exam. See pages 303-304 for a seating chart template and
instructions. See the 2017-18 AP Coordinator’s Manual for exam seating requirements
(pages 55-58).

If you are giving the regularly scheduled exam, say:
It is Thursday afternoon, May 17, and you will be taking the AP Statistics Exam.

If you are giving the alternate exam for late testing, say:
It is Wednesday morning, May 23, and you will be taking the AP Statistics Exam.

Look at your exam packet and confirm that the exam title is “AP Statistics.”
Raise your hand if your exam packet contains any title other than “AP Statistics,”
and | will help you.

Once you confirm that all students have the correct exams, say:
In a moment, you will open the exam packet. By opening this packet, you
agree to all of the AP Program's policies and procedures outlined in the
2017-18 Bulletin for AP Students and Parents.

You may now remove the shrinkwrap from your exam packet and take out the
Section | booklet, but do not open the booklet or the shrinkwrapped Section Il
materials. Put the white seals aside....

Carefully remove the AP Exam label found near the top left of your exam
booklet cover. Place it on page 1 of your answer sheet on the light blue box near
the top right corner that reads "AP Exam Label.". ..

AP Statistics Exam
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If students accidentally place the exam label in the space for the number label or vice
versa, advise them to leave the labels in place. They should not try to remove the label;
their exam can still be processed correctly.

Listen carefully to all my instructions. | will give you time to complete each
step. Please look up after completing each step. Raise your hand if you have
any questions.

Give students enough time to complete each step. Don’t move on until all students are ready.

Read the statements on the front cover of the Section | booklet.. ..
Sign your name, and write today’s date....

Now print your full legal name where indicated....

Turn to the back cover of your exam booklet and read it completely. ...
Are there any questions?...

You will now take the multiple-choice portion of the exam. You should have in
front of you the multiple-choice booklet and your answer sheet. You may never
discuss the multiple-choice exam content at any time in any form with anyone,
including your teacher and other students. If you disclose the multiple-choice
exam content through any means, your AP Exam score will be canceled.

Open your answer sheet to page 2. You must complete the answer sheet using a
No. 2 pencil only. Mark all of your responses beginning on page 2 of your answer
sheet, one response per question. Completely fill in the circles. If you need

to erase, do so carefully and completely. No credit will be given for anything
written in the exam booklet. Scratch paper is not allowed, but you may use the
margins or any blank space in the exam booklet for scratch work. Calculators
may be used for both sections of this exam. You may place your calculators on
your desk. Are there any questions?...

You have 1 hour and 30 minutes for this section. Open your Section | booklet
and begin.

@ NoteStartTime_____ . Note Stop Time

Check that students are marking their answers in pencil on their answer sheets and that
they are not looking at their shrinkwrapped Section II booklets. Proctors should walk
around and make sure Hewlett-Packard calculators’ infrared ports are not facing each other
and that students are not sharing calculators.

After 1 hour and 20 minutes, say:
There are 10 minutes remaining.

After 10 minutes, say:
Stop working. Close your booklet and put your answer sheet on your desk,
faceup. Make sure you have your AP number label and an AP Exam label on
page 1 of your answer sheet. Sit quietly while | collect your answer sheets.

Collect an answer sheet from each student. Check that each answer sheet has an
AP number label and an AP Exam label.

After all answer sheets have been collected, say:
Now you must seal your exam booklet using the white seals you set aside
earlier. Remove the white seals from the backing and press one on each area of
your exam booklet cover marked “PLACE SEAL HERE."” Fold each seal over the
back cover. When you have finished, place the booklet on your desk, faceup.
I will now collect your Section I booklet....

AP Statistics Exam
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Collect a Section I booklet from each student. Check that each student has signed the front
cover of the sealed Section I booklet.

There is a 10-minute break between Sections I and II.

When all Section I materials have been collected and accounted for and you are

ready for the break, say:
Please listen carefully to these instructions before we take a 10-minute break.
All items you placed under your chair at the beginning of this exam must stay
there, and you are not permitted to open or access them in any way. Leave your
shrinkwrapped Section Il packet on your desk during the break. You are not
allowed to consult teachers, other students, notes, or textbooks during the
break. You may not make phone calls, send text messages, use your calculators,
check email, use a social networking site, or access any electronic or
communication device. Remember, you may never discuss the multiple-choice
exam content with anyone, and if you disclose the content through any means,
your AP Exam score will be canceled. Are there any questions?...

@ You may begin your break. Testing will resume at

SECTION II: Free Response

After the break, say:
May | have everyone's attention? Place your Student Pack on your desk....

You may now remove the shrinkwrap from the Section Il packet, but do not open
the exam booklet until you are told to do so....

Read the bulleted statements on the front cover of the exam booklet. Look up
when you have finished....

Now take an AP number label from your Student Pack and place it on the
shaded box. If you don't have any AP number labels, write your AP number in the
box. Look up when you have finished....

Read the last statement....

Using your pen, print the first, middle, and last initials of your legal name in the
boxes and print today’s date where indicated. This constitutes your signature
and your agreement to the statements on the front cover....

Turn to the back cover and, using your pen, complete Item 1 under “Important
Identification Information.” Print the first two letters of your last name and the
first letter of your first name in the boxes. Look up when you have finished....

In Item 2, print your date of birth in the boxes....

In Item 3, write the school code you printed on the front of your Student Pack in
the boxes....

Read Item 4....
Are there any questions?...

If this is your last AP Exam, you may keep your Student Pack. Place it under your
chair for now. Otherwise | will collect all Student Packs....

Read the information on the back cover of the exam booklet. Do not open the
booklet until you are told to do so. Look up when you have finished....

Collect the Student Packs.
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Then say:
Are there any questions?...
Section Il has two parts. You have 1 hour and 30 minutes to complete all of
Section Il. You are responsible for pacing yourself and may proceed freely from
one part to the next. You must write your answers in the exam booklet using a
pen with black or dark blue ink or a No. 2 pencil. If you use a pencil, be sure that
your writing is dark enough to be easily read. If you need more paper during the
exam, raise your hand. At the top of each extra sheet of paper you use, write
only your AP number and the question number you are working on. Do not write
your name. Are there any questions?...

You may begin Section Il.

@ NoteStartTime____ . Note Stop Time

You should also make sure that Hewlett-Packard calculators’ infrared ports are not facing
each other and that students are not sharing calculators.

After 1 hour and 5 minutes, say:

There are 25 minutes remaining and you may want to move on to Part B,
if you have not already started answering that question.

After 15 minutes, say:
There are 10 minutes remaining.

After 10 minutes, say:
Stop working and close your exam booklet. Place it on your desk, faceup....

If any students used extra paper for a question in the free-response section, have those
students staple the extra sheet(s) to the first page corresponding to that question in
their exam booklets. Complete an Incident Report after the exam (see page 67 of the
2017-18 AP Coordinator’s Manual for complete details).

Then say:
Remain in your seat, without talking, while the exam materials are collected....
Collect a Section II booklet from each student. Check for the following:
= Exam booklet front cover: The student placed an AP number label on the shaded box
and printed their initials and today’s date.

= Exam booklet back cover: The student completed the “Important Identification
Information” area.

When all exam materials have been collected and accounted for, return to students any
electronic devices you may have collected before the start of the exam.

If you are giving the regularly scheduled exam, say:

You may not discuss or share the free-response exam content with anyone
unless it is released on the College Board website in about two days. Your AP
Exam score results will be available online in July.

If you are giving the alternate exam for late testing, say:
None of the content in this exam may ever be discussed or shared in any way at
any time. Your AP Exam score results will be available online in July.
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If any students completed the AP number card at the beginning of this exam, say:

Please remember to take your AP number card with you. You will need the
information on this card to view your scores and order AP score reporting
services online.

Then say:
You are now dismissed.

After-Exam Tasks

Be sure to give the completed seating chart to the AP coordinator. Schools must retain
seating charts for at least six months (unless the state or district requires that they be
retained for a longer period of time). Schools should not return any seating charts in their
exam shipments unless they are required as part of an Incident Report.

NOTE: If you administered exams to students with accommodations, review the 2017-18 AP
Coordinator’s Manual and the 2017-18 AP SSD Guidelines for information about completing
the NAR form, and returning these exams.

The exam proctor should complete the following tasks if asked to do so by the
AP coordinator. Otherwise, the AP coordinator must complete these tasks:

= Complete an Incident Report for any students who used extra paper for the free-response
section. (Incident Report forms are provided in the coordinator packets sent with
the exam shipments.) These forms must be completed with a No. 2 pencil. It is
best to complete a single Incident Report for multiple students per exam subject, per
administration (regular or late testing), as long as all required information is provided.
Include all exam booklets with extra sheets of paper in an Incident Report return
envelope (see page 67 of the 2017-18 AP Coordinator’s Manual for complete details).

Return all exam materials to secure storage until they are shipped back to the

AP Program. (See page 26 of the 2017-18 AP Coordinator’s Manual for more information

about secure storage.) Before storing materials, check the “School Use Only” section

on page 1 of the answer sheet and:

¢ Fill in the appropriate section number circle in order to access a separate
AP Instructional Planning Report (for regularly scheduled exams only) or subject
score roster at the class section or teacher level. See “Post-Exam Activities” in the
2017-18 AP Coordinator’s Manual.

¢ Check your list of students who are eligible for fee reductions and fill in the
appropriate circle on their registration answer sheets.
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Student Answer Sheet for
the Multiple-Choice Section

Use this section to capture student responses. (Note that the following
answer sheet is a sample, and may differ from one used in an actual exam.)
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PAGE 2 o
COMPLETE THIS AREA AT EACH EXAM (IF APPLICABLE).

P. SURVEY QUESTIONS — Answer the survey questions in the AP Student Pack. Do not put responses to exam questions in this section.
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Q. LANGUAGE — Do not complete this section unless instructed to do so.

If this answer sheet is for the French Language and Culture, German Language and Culture, Italian Language and Culture, Spanish Language
and Culture, or Spanish Literature and Culture Exam, please answer the following questions. Your responses will not affect your score.

1. Have you lived or studied for one month or more in a country where the language of the 2. Do you regularly speak or hear the language at home?
exam you are now taking is spoken?
O Yes O No O Yes O No

QUESTIONS 1-75

Indicate your answers to the exam questions in this section (pages 2 and 3). Mark only one response per question
for Questions 1 through 120. If a question has only four answer options, do not mark option E. Answers written in
the multiple-choice booklet will not be scored.

EXAMPLES OF ® @@ ® You must use a No. 2 pencil and marks must be complete. Do not use a mechanical pencil. It

COMPLETE MARK . INCOMPLETE MARKS is very important that you fill in the entire circle darkly and completely. If you change your response,
. @@@ erase as completely as possible. Incomplete marks or erasures may affect your score.
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o PAGE 3
QUESTIONS 76-120

Be sure each mark is dark and completely fills the circle. If a question has only four answer options, do not mark option E.
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QUESTIONS 121-126

For Students Taking AP Biology

Write your answer in the boxes at the top of the griddable area and fill in the corresponding circles.
Mark only one circle in any column. You will receive credit only if the circles are filled in correctly.
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QUESTIONS 131-142

For Students Taking AP Computer Science Principles, AP Physics 1, or AP Physics 2
Mark two responses per question. You will receive credit only if both correct responses are selected.
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Section I: Multiple-Choice Questions

This is the multiple-choice section of the 2018 AP Exam.

It includes cover material and other administrative instructions

to help familiarize students with the mechanics of the exam.

(Note that future exams may differ in look from the following content.)



AP° Statistics Exam

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO.

f At a Glance )

Total Time
1 hour and 30 minutes
Number of Questions
40
Percent of Total Score
50%
Writing Instrument
Pencil required
Electronic Device

Graphing calculator
expected

Instructions

Section I of this exam contains 40 multiple-choice questions. Fill in only the circles for
numbers 1 through 40 on your answer sheet.

Indicate all of your answers to the multiple-choice questions on the answer sheet. No
credit will be given for anything written in this exam booklet, but you may use the booklet
for notes or scratch work. After you have decided which of the suggested answers is best,
completely fill in the corresponding circle on the answer sheet. Give only one answer to
each question. If you change an answer, be sure that the previous mark is erased
completely. Here is a sample question and answer.

Sample Question
Chicago isa

(A) state
(B) city

(C) country
(

(

Sample Answer

OX _NOOXG;

D) continent
E) village

Use your time effectively, working as quickly as you can without losing accuracy. Do not
spend too much time on any one question. Go on to other questions and come back to
the ones you have not answered if you have time. It is not expected that everyone will
know the answers to all of the multiple-choice questions.

Your total score on the multiple-choice section is based only on the number of questions
answered correctly. Points are not deducted for incorrect answers or unanswered
questions.

Form 1
Form Code 40BP4-S

90



Formulas begin on page 3.
Questions begin on page 6.
Tables begin on page 42.



Formulas

(D Descriptive Statistics
Sy = \/—2 x - x
(nl— 1)s% +(n2—1)s%
N =)y 1)
y b0+bx
2 (%~ )0~ )
b1 = 5
z(xi_x)
bO = }—bly_c
T 1_ 12[)%3_ x}(yis_ yJ
x y
Sy
b1 = rg
~\2
z(yi_yi)
5, = n—2



(II) Probability

P(AU B) = P(A) + P(B) — P(A N B)

P(A N B)

P(A|B) = =73

E(X)=py = inpi
Var(X) = 0')26 = Z(x.— ux)z p;

If X has a binomial distribution with parameters 7 and p, then:

P(X = k) = (ij" (1—p)t=k

UWx = np
o, =npl=p)
Mf, =p

If X is the mean of a random sample of size 7 from an infinite
population with mean p and standard deviation o, then:

Uy = H

O— =
X

g
Jn



(III)  Inferential Statistics

Standardized test statistic:

statistic —parameter

standard deviation of statistic

Confidence interval: statistic £ (critical value) » (standard deviation of statistic)

Single-Sample

Statistic

Standard Deviation
of Statistic

Sample Mean

s

Sample Proportion

/p(l -p)
n

Two-Sample

Standard Deviation

Statistic of Statistic
Difference of 0-12 o‘%
sample means B N

nl n2

Special case when o, = o,

\ny  m

Difference of
sample proportions

Pl(l - Pl) n Pz(l - Pz)
n 1y

Special case when p; = p,

T, 1

p(1-p) PR

Chi-square test statistic = z

(observed — expected)’
expected




STATISTICS
SECTION 1
Time—1 hour and 30 minutes
Number of questions—40
Percent of total score—50

Directions: Solve each of the following problems, using the available space for scratch work. Decide which is the
best of the choices given and fill in the corresponding circle 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. The histogram shown summarizes the responses of 100 people when asked, “What was the price of the last meal
you purchased?”

2571 2
201 ]
>
£ 15+ 13 14
=3 11
© 101 8 8 8
[0
5 5
I
0 ! . L I_I L ! ! = y

$5 SO $I13 $17 S$21 $25 $20 $33 $37 $41 $45
Price

Based on the histogram, which of the following could be the interquartile range of the prices?
(A) $40

(B) $21

(C) $10

(D) $5

(E) $3

Unauthorized copying or reuse of
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2. Suppose a certain scale is not calibrated correctly, and as a result, the mass of any object is displayed as
0.75 kilogram less than its actual mass. What is the correlation between the actual masses of a set of objects and
the respective masses of the same set of objects displayed by the scale?

(A) -1
(B) -0.75
©) 0
D) 0.75
E) 1

3. A veterinarian collected data on the weights of 1,000 cats and dogs treated at a veterinary clinic. The weight of
each animal was classified as either healthy, underweight, or overweight. The data are summarized in the table.

Healthy Underweight Overweight Total
Cat 386 54 105 545
Dog 299 83 73 455
Total 685 137 178 1,000

Based on the data in the table, which of the following is the most appropriate type of graph to visually show
whether a relationship exists between the type of animal and the weight classification?

(A) Back-to-back stemplots
(B) Scatterplot

(C) Side-by-side boxplots
(D) Segmented bar chart
(E) Dotplot

Unauthorized copying or reuse of
any part of this page is illegal.
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4. A program exists to encourage more middle school students to major in math and science when they go to
college. The organizers of the program want to estimate the proportion of students who, after completing the
program, go on to major in math or science in college. The organizers will select a sample of students from a
list of all students who completed the program. Which of the following sampling methods describes a stratified
random sample?

(A) Select all female students on the list.
(B) Randomly select 50 students on the list.
(C) Randomize the names on the list and then select every tenth student on the randomized list.

(D) Randomly select 25 names from the female students on the list and randomly select 25 names from the male
students on the list.

(E) Randomly select 50 students on the list who are attending college.

Unauthorized copying or reuse of
any part of this page is illegal.
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5. The normal curve shown represents the sampling distribution of a sample mean for sample size n = 25, selected
at random from a population with standard deviation o .

=1

105 120 135 150 165 180 195
Sampling Distribution of X

Which of the following is the best estimate of the standard deviation of the population, o ?
(A) 3

(B) 6

(©) 15

(D) 30

(E) 75

Unauthorized copying or reuse of
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6. Two random samples, A and B, were selected from the same population to estimate the population mean. For
each sample, the mean, standard deviation, and margin of error for a 95 percent confidence interval for the
population mean are shown in the table.

Mean | Standard Deviation | Margin of Error
Sample A 45 6.45 1.02
Sample B 43 7.84 0.72

Which of the following could explain why the margin of error of sample A is greater than the margin of error of
sample B?

(A) The sample size of A is greater than the sample size of B.
(B) The sample size of A is less than the sample size of B.

(C) The sample size of A is equal to the sample size of B.

(D) The mean of sample A is greater than the mean of sample B.

(E) The standard deviation of sample A is less than the standard deviation of sample B.

Unauthorized copying or reuse of
any part of this page is illegal.
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7. Nyasha’s financial literacy project involved comparing the annual sales of companies in Canada and companies
in the United States that produce software. Using the ratio of 1 Canadian dollar to 0.75 United States dollar, she
converted all annual sales from the Canadian companies into United States dollars. For which of the following
will the value of the statistic for the annual sales in Canadian dollars be equal to the value of the corresponding
statistic in United States dollars?

(A) The median annual sales

(B) The standard deviation of the annual sales

(C) The standardized score of the minimum annual sales
(D) The mean annual sales

(E) The interquartile range of the annual sales

Unauthorized copying or reuse of
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8. The manager of a restaurant tracks the types of dinners that customers order from the menu to ensure that the
correct amount of food is ordered from the supplier each week. Data from customer orders last year suggest the
following weekly distribution.

Type of Dinner Beef Chicken Fish Pork Vegetarian
Proportion 0.18 0.41 0.15 0.20 0.06

The manager believes that there might be a change in the distribution from last year to this year. A random
sample of 200 orders was taken from all customer orders placed last week. The following table shows the results
of the sample.

Type of Dinner Beef Chicken Fish Pork Vegetarian
Frequency 32 86 34 30 18

Assume each order is independent. For which type of dinner is the value of its contribution to the appropriate test
statistic the greatest?

(A) Beef

(B) Chicken
(C) Fish

(D) Pork

(E) Vegetarian

Unauthorized copying or reuse of
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9. A company that makes fleece clothing uses fleece produced from two farms, Northern Farm and Western Farm.
Let the random variable X represent the weight of fleece produced by a sheep from Northern Farm. The
distribution of X has mean 14.1 pounds and standard deviation 1.3 pounds. Let the random variable Y represent
the weight of fleece produced by a sheep from Western Farm. The distribution of ¥ has mean 6.7 pounds and
standard deviation 0.5 pound. Assume X and Y are independent. Let W equal the total weight of fleece from
10 randomly selected sheep from Northern Farm and 15 randomly selected sheep from Western Farm. Which of
the following is the standard deviation, in pounds, of W ?

(A) 1.3+0.5

(B) v1.32 +0.5?

(©) 10(1.3)> +15(0.5)

D) {10>(1.3)> +15(0.5)

132 05°

E) \To * 73

10. According to a report for veterinarians in the United States, 36.5 percent of households in the United States own
dogs and 30.4 percent of households in the United States own cats. If one household in the United States is
selected at random, what is the probability that the selected household will own a dog or a cat?

(A) 0.111
(B) 0.331
(C) 0.558
(D) 0.669

(E) Not enough information is given to determine the probability.

Unauthorized copying or reuse of
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11. A sociologist collected data from a sample of people on their highest level of education and the number of times
they visited any fast food restaurant during the previous week. The data are summarized in the boxplots.

VISITS BY HIGHEST EDUCATION LEVEL

High |

school | | | |
Community | E:l
college
Four-year |
college I:I:l
More than
four-year | |:|:|

college

0 | 2 3 4 5
Number of Visits

Based on the boxplots, which of the following statements must be true?

(A) The number of people surveyed at the more than four-year college level is greater than the number of people
surveyed at the high school level.

(B) The proportion of people surveyed from the first quartile to the third quartile at the four-year college level is
less than the respective proportion at the community college level.

(C) The interquartile range (IQR) for the number of visits at the more than four-year college level is less than
the IQR for the number of visits at the community college level.

(D) The maximum number of visits at the community college level is greater than the maximum number of
visits at the high school level.

(E) The median number of visits at the four-year college level is greater than the median number of visits at the
high school level.

Unauthorized copying or reuse of
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12. For a recent season in college football, the total number of rushing yards for that season is recorded for each
running back. The mean number of rushing yards for the running backs that season is 790 yards. One running
back had 1,637 rushing yards for the season, which is 2.42 standard deviations above the mean number of
rushing yards. What is the standard deviation of the number of rushing yards for the running backs that season?

(A) 250 yards
(B) 300 yards
(C) 350 yards
(D) 400 yards
(E) 450 yards

13. First-year students enrolled at a college were asked whether they play video games. The responses, classified by
whether the students were enrolled in the school of sciences or the school of arts, are shown in the table.

Play Video Do Not Pla
Cg]ames Video Gamgs Tgp
Sciences 519 120 639
Arts 347 446 793
Total 866 566 1,432

Of all the students enrolled in the school of arts who responded, approximately what proportion responded that

they play video games?
(A) 0.242
(B) 0.401
(C) 0.438
(D) 0.554
(E) 0.605

Unauthorized copying or reuse of
any part of this page is illegal.
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14. A pharmaceutical company manufactures medicine to reduce pain caused by migraine headaches. The company
is investigating whether a new medicine is more effective in reducing pain than the current medicine. A random
sample of 500 participants who experience migraines was selected, and the participants were randomly assigned
to one of two groups of equal size. The first group received the current medicine and the second group received
the new medicine. When a participant experienced a migraine, he or she was instructed to take the medicine and,
15 minutes after taking the medicine, to rate the pain relief on a scale from 1 to 10, with 1 being no relief to 10
being complete relief. At the end of six months, the average pain relief for each participant was calculated.
Which of the following is the best description of the study?

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

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

(E) An observational study using a stratified sample

Unauthorized copying or reuse of
any part of this page is illegal.
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15. A marketing firm obtained random samples of 20 people in five regions of the country to investigate the level of
interest in a new product. People in the sample were asked to rate their level of interest on a scale from 1 to 10,
with 1 being the least amount of interest and 10 being the greatest. The histograms show the results for each
region. The graph for which region displays data for level of interest with the least standard deviation?

(A) Region A (B) Region B
81 8T
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C| S T
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= T =T
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o4+ o+—+—+
12345678910 12345678910
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T > el
g6 :
& 41 s 4
(D] = 4
i3 T o 21
2__ 4
ol Il (B BT Y R R o
12345678910 12345678910
Level of Interest Level of Interest
Region E
® gt

Frequency
e

0--|:|: Ly :l:I
12345678910
Level of Interest
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16. The transportation department of a large city wants to estimate the proportion of residents who would use a
system of aerial gondolas to commute to work. The gondolas would be part of the city’s effort to relieve traffic
congestion. The department asked a random sample of residents whether they would use the gondolas. The
residents could respond with yes, no, or maybe. Which of the following is the best description of the method for
data collection used by the department?

(A) A census

(B) A sample survey

(C) An experiment with a completely randomized design
(D) An experiment with a randomized block design

(E) An experiment with a matched-pairs design

Unauthorized copying or reuse of
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17. To obtain certification for a certain occupation, candidates take a proficiency exam. The exam consists of
two sections, and neither section should be more difficult than the other. To investigate whether one section of
the exam was more difficult than the other, a random sample of 50 candidates was selected. The candidates took
the exam and their scores on each section were recorded. The table shows the summary statistics.

Mean Standard Deviation
Percent Correct Percent Correct
First section 75 10
Second section 65 5
Difference 10 8

Which of the following is the test statistic for the appropriate test to determine if there is a significant mean
difference between the percent correct on the two sections (first minus second) for all candidates similar to those
in the investigation?

_75-65
(A) 1=
J50
B) t=_1=6
102 5%
50 ' 50
2 (75-170)% | (65— 70)°
© ¥ ==+
2 (75-70)% | (65— 70)*
D) 7" ="75*+" ¢
0.75 — 0.65

E) z=
\/0.7(1 - 0.7)(% + %)
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18. New employees at a large corporation go through a training program during their first week of employment. The
new employees take a written assessment at the completion of the program to determine how well prepared they
are for their jobs. A score greater than the mean indicates a well-prepared employee. Assume the following
distributions of new employee scores have the same mean score, the same maximum score, and the same
minimum score. Which distribution has a shape that is most likely to represent the greatest percent of
well-prepared employees?

(A) The distribution of scores is skewed to the right.

(B) The distribution of scores is skewed to the left.

(C) The distribution of scores is bimodal and symmetric.
(D) The distribution of scores is uniform.

(E) The distribution of scores is approximately normal.

Unauthorized copying or reuse of
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19. Based on his past record, Luke, an archer for a college archery team, has a probability of 0.90 of hitting the inner
ring of the target with a shot of the arrow. Assume that in one practice Luke will attempt 5 shots of the arrow and
that each shot is independent from the others. Let the random variable X represent the number of times he hits
the inner ring of the target in 5 attempts. The probability distribution of X is given in the table.

X 0 1 2 3 4 5
P(X) 0.00001 | 0.00045 | 0.00810 | 0.07290 | 0.32805 | 0.59049

What is the probability that the number of times Luke will hit the inner ring of the target out of the 5 attempts is
less than the mean of X ?

(A) 0.40951
(B) 0.50000
(C) 0.59049
(D) 0.91854
(E) 0.99144

Unauthorized copying or reuse of
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20. A medical center conducted a study to investigate cholesterol levels in people who have had heart attacks. A
random sample of 16 people was obtained from the names of all patients of the medical center who had a heart
attack in the previous year. Of the people in the sample, the mean cholesterol level was 264.70 milligrams per
deciliter (mg/dL) with standard deviation 42.12 mg/dL. Assuming all conditions for inference were met, which
of the following is a 90 percent confidence interval for the mean cholesterol level, in mg/dL, of all patients of
the medical center who had a heart attack in the previous year?

(A) (242.26,287.14)
(B) (244.06, 285.34)
(C) (246.24,283.16)
(D) (247.38,282.02)
(E) (260.09,269.31)

Unauthorized copying or reuse of
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21. For a school fund-raiser, 600 raffle tickets were sold by students at the school, of which 88 were sold by one
student, Audrey. Of the 600 tickets sold, 30 were randomly selected to receive prizes, and 7 of the 30 tickets
selected were tickets sold by Audrey. To investigate how likely it was by chance alone that at least 7 of the
30 selected tickets could have been sold by Audrey, students in a statistics class ran a simulation. One trial
of the simulation is described by the following steps.

Step 1: From 600 chips, assign 88 red and the rest blue.
Step 2: Select 30 chips at random without replacement.
Step 3: Record the number of red chips in the selection of 30.
The results of 1,000 trials of the simulation are shown in the histogram.
RESULTS OF 1,000 TRIALS
200+ 194195

184
150 144
9
g 1 96
5100 78
i3
st 20 39
0 3 1 Il | I L ! ! ans-!Sl 1
01 23 456 7 8 91011
Number of Red Chips

Based on the results of the simulation, is there convincing statistical evidence at the significance level of 0.05
that the event of Audrey selling at least 7 of the 30 selected tickets is unlikely to have occurred by chance alone?

(A) Yes, because the distribution of the trials in the simulation is skewed to the right.
(B) Yes, because the number in the histogram with the greatest frequency is 4, not 7.

(C) Yes, because 7 appears in the right tail of the distribution, indicating that it is more than 2 standard
deviations away from the mean.

(D) No, because the simulation suggests that it is likely that Audrey could sell anywhere from O to 11 of the
selected tickets.

(E) No, because the simulation suggests that Audrey selling at least 7 of 30 selected tickets would occur about
13.8% of the time.

Unauthorized copying or reuse of
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22. As part of a study on facility needs, the administrators of a university wanted to estimate the percent of students

who use the exercise facilities on a regular basis. From the 34,000 students who attend the university, a random
sample of 370 male students and 400 female students was selected. Of the 770 students selected, 493 students
indicated that they use the exercise facilities on a regular basis. What are the population and the sample of the
study?

(A) The population is the 770 students who were selected, and the sample is the 493 students who indicated that
they use the exercise facilities on a regular basis.

(B) The population is the 770 students who were selected, and the sample is whether each student in the survey
uses the exercise facility on a regular basis.

(C) The population is the 34,000 students who attend the university, and the sample is whether each student in
the survey is male or female.

(D) The population is the 34,000 students who attend the university, and the sample is the 770 students who
were selected.

(E) The population is the 34,000 students who attend the university, and the sample is the 493 students who
indicated that they use the exercise facilities on a regular basis.

23. A study will be conducted to examine a new medicine intended to reduce high blood pressure in adult men who

have high blood pressure. As part of the study, a random sample of 40 men with high blood pressure will have
their blood pressure measured, and then they will take the new medicine every day for one month. At the end of
the month, their blood pressure will be measured again. Of the following, which is the best procedure to
investigate whether there will be convincing statistical evidence of a change, on average, in blood pressure for
men with high blood pressure who take the new medicine?

(A) A one-sample z-test for a proportion

(B) A two-sample z-test for a difference between proportions
(C) A two-sample r-test for the difference between two means
(D) A matched-pairs r-test for a mean difference

(E) A chi-square test of independence

Unauthorized copying or reuse of
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24. A roadrunner is a desert bird that tends to run instead of fly. While running, the roadrunner uses its tail as a
balance. A sample of 10 roadrunners was taken, and the birds’ total length, in centimeters (cm), and tail length,
in cm, were recorded. The output shown in the table is from a least-squares regression to predict tail length given

total length.

Term Coef SE Coef
Constant —1.281 2.673
Total Length 0.5264 0.0467

Suppose a roadrunner has a total length of 59.0 cm and tail length of 31.1 cm. Based on the residual, does the
regression model overestimate or underestimate the tail length of the roadrunner?

(A) Underestimate, because the residual is positive.

(B) Underestimate, because the residual is negative.

(C) Overestimate, because the residual is positive.

(D) Overestimate, because the residual is negative.

(E) Neither, because the residual is 0.

Unauthorized copying or reuse of
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25.

The distribution of assembly times required to assemble a certain smartphone is approximately normal with
mean 4.6 minutes and standard deviation 0.6 minute. Of the following, which is closest to the percentage of
assembly times between 4 minutes and 5 minutes?

(A) 34%
(B) 41%
(C) 59%
(D) 68%
(E) 95%

26.

A company produces millions of 1-pound packages of bacon every week. Company specifications allow for no
more than 3 percent of the 1-pound packages to be underweight. To investigate compliance with the
specifications, the company’s quality control manager selected a random sample of 1,000 packages produced in
one week and found 40 packages, or 4 percent, to be underweight. Assuming all conditions for inference are met,
do the data provide convincing statistical evidence at the significance level of @ = 0.05 that more than 3 percent
of all the packages produced in one week are underweight?

(A) Yes, because the sample estimate of 0.04 is greater than the company specification of 0.03.
(B) Yes, because the p-value of 0.032 is less than the significance level of 0.05.

(C) Yes, because the p-value of 0.064 is greater than the significance level of 0.05.

(D) No, because the p-value of 0.032 is less than the significance level of 0.05.

(E) No, because the p-value of 0.064 is greater than the significance level of 0.05.
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27. The histograms show the results of three simulations of a sampling distribution of a sample mean. For each
simulation, 1,500 samples of size n were selected from the same population and the sample mean was recorded.

The value of n was different for each of the three simulations.

Graph A

Frequency

0
Sample Means

200

Frequency

Graph B

il

iR

0

Sample Means

200

Frequency

Graph C

0 200
Sample Means

Which of the following is the correct ordering of the graphs from least value of n to greatest value of n ?

(A) A,C,B
(B) B,A,C
©) B,C,A
D) C A,B
(E) C,B,A
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28. Researchers conducted a study to investigate the effects of soft drink consumption on fat stored in muscle tissue.
From a sample of 80 adult volunteers, 40 were randomly assigned to consume one liter of a soft drink each day.
The remaining 40 were asked to drink one liter of water each day and not to consume any soft drinks. At the end
of six months, the amount of fat stored in each person’s muscle tissue was recorded. The people in the group
who drank the soft drink had, on average, a higher percentage of fat stored in the tissue than the people who
drank only water. Which of the following is the most appropriate conclusion?

(A) There is evidence that consuming soft drinks causes more fat storage in muscle tissue than drinking only
water, and the conclusion can be generalized to all adults.

(B) There is evidence that consuming soft drinks causes more fat storage in muscle tissue than drinking only
water, and the conclusion can be generalized to all people who consume soft drinks.

(C) There is evidence that consuming soft drinks causes more fat storage in muscle tissue than drinking only
water, and the conclusion can be generalized to adults similar to those in the study.

(D) Although cause-and-effect cannot be established, there is an association between consuming soft drinks and
fat storage in muscle tissue for the population of all adults.

(E) Although cause-and-effect cannot be established, there is an association between consuming soft drinks and
fat storage in muscle tissue for the population of all adults who consume soft drinks.
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29. A random sample of 1,018 city residents were asked to rate their level of support for a proposal being considered
by the city council. The table shows the responses by level of support.

Level of Support Number of Responses
Very supportive 336
Somewhat supportive 387
Not supportive 295

Based on the responses, which of the following is a 95 percent confidence interval for the proportion of all city
residents who would respond very supportive or somewhat supportive of the proposal?

(A) 0.33+0.029
(B) 0.38 £ 0.030
(C) 0.71+ 0.058
(D) 0.71+0.031
(E) 0.71+ 0.028
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30. A manufacturer of cell phone batteries claims that the average number of recharge cycles for its batteries is 400.
A consumer group will obtain a random sample of 100 of the manufacturer’s batteries and will calculate the
mean number of recharge cycles. Which of the following statements is justified by the central limit theorem?

(A) The distribution of the number of recharge cycles for the sample is approximately normal because the
population mean of 400 is greater than 30.

(B) The distribution of the number of recharge cycles for the sample is approximately normal because the
sample size of 100 is greater than 30.

(C) The distribution of the number of recharge cycles for the population is approximately normal because the
sample size of 100 is greater than 30.

(D) The distribution of the sample means of the number of recharge cycles is approximately normal because the
sample size of 100 is greater than 30.

(E) The distribution of the sample means of the number of recharge cycles is approximately normal because the
population mean of 400 is greater than 30.
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31. A news organization conducted a survey about preferred methods for obtaining the news. A random sample of
1,605 adults living in a certain state was selected, and 16.2 percent of the adults in the sample reported that
television was their preferred method. Which of the following is an appropriate margin of error for a 90 percent
confidence interval to estimate the population proportion of all adults living in the state who would report that
television is their preferred method for obtaining the news?

(0.162)(1 — 0.162)
1,605

(0.5)(1 — 0.5)
(B) 1.645 /—1, 05

(0.162)(1 - 0.162)
1,605

(A) 1.645\/

© 1.96\/

(0.5 -10.5)

(D) 1,96~

(0.162)(1 — 0.162)
1,605

(E) 1.83\/
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32. A fitness center offers a one-month program designed to reduce body fat through exercise. The table shows the
body fat percentage before and after completing the program for 10 randomly selected participants.

Participant | A B C D E F G H I J
Before (%) | 10.8 | 21.5 | 189 | 17.0 | 20.8 | 24.6 | 154 | 182 | 199 | 21.2
After (%) | 10.7 | 204 | 19.1 | 16.1 | 20.6 | 223 | 155 | 18.1 | 185 | 20.0

The director of the program wants to investigate whether knowing the body fat percentage before beginning the
program can help to predict body fat percentage for someone who completes the program. Which of the
following procedures is the most appropriate for such an investigation?

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

(B) A two-sample r-test for a difference between means

(C) A two-sample z-test for a difference between proportions
(D) A chi-square test of association

(E) A linear regression z-test for slope
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33. A recent survey estimated that 19 percent of all people living in a certain region regularly use sunscreen when
going outdoors. The margin of error for the estimate was 1 percentage point. Based on the estimate and the
margin of error, which of the following is an appropriate conclusion?

(A) Approximately 1% of all the people living in the region were surveyed.
(B) Between 18% and 20% of all the people living in the region were surveyed.

(C) All possible samples of the same size will result in between 18% and 20% of those surveyed indicating they
regularly use sunscreen.

(D) The probability is 0.01 that a person living in the region will use sunscreen when going outdoors.

(E) Itis plausible that the percent of all people living in the region who regularly use sunscreen is 18.5%.
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34. According to a recent report, customers who shop at a certain online store spend, on average, $1,500 a year at the
store. To investigate whether the mean amount spent was greater than the reported average, an economist
obtained the mean and standard deviation of the amount spent in the past year by a random sample of
120 customers who shop at the store. With all conditions for inference met, the economist conducted the
appropriate hypothesis test and obtained a p-value of 0.25. Which of the following statements is the most
appropriate conclusion for the investigation?

(A) There is convincing statistical evidence that the mean amount of money spent each year by all customers
who shop at the store is $1,500.

(B) There is convincing statistical evidence that the mean amount of money spent each year by all customers
who shop at the store is greater than $1,500.

(C) There is convincing statistical evidence that the mean amount of money spent each year by all customers
who shop at the store is less than $1,500.

(D) There is not convincing statistical evidence that the mean amount of money spent each year by all customers
who shop at the store is greater than $1,500.

(E) There is not convincing statistical evidence that the mean amount of money spent each year by any sample
of 120 customers who shop at the store is greater than $1,500.
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35. Scientists working for a water district measure the water level in a lake each day. The daily water level in
the lake varies due to weather conditions and other factors. The daily water level has a distribution that is
approximately normal with mean water level of 84.07 feet. The probability that the daily water level in the lake
is at least 100 feet is 0.064. Which of the following is closest to the probability that on a randomly selected day
the water level in the lake will be at least 90 feet?

(A) 0.29
(B) 0.31
(C) 0.34
(D) 0.37
(E) 0.50
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36. The president of a large company recommends that employees perform, on average, 24 hours of community
service each year. The president believes that the mean number of hours of community service performed last
year was different from the recommended 24 hours. To estimate the mean number of hours of community
service performed last year, the president obtained data from a random sample of employees and used the data to
construct the 95 percent confidence interval (20.37, 23.49). If all conditions for inference were met, does the
interval provide convincing statistical evidence, at a level of significance of o = 0.05, to support the president’s

belief that the mean number of hours of community service performed last year is different from what is
recommended?

(A) Yes, the interval supports the president’s belief because O is not contained in the interval.
(B) Yes, the interval supports the president’s belief because 24 is not contained in the interval.

(C) No, the interval does not support the president’s belief because a 90% confidence interval is required for a
5% level of statistical evidence.

(D) No, the interval does not support the president’s belief because confidence intervals should only be used for
estimation and cannot provide convincing statistical evidence.

(E) No, the interval does not support the president’s belief because the significance level is equal to 1 minus the
confidence level, indicating that the results are not convincing.
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37. An international polling agency estimates that 36 percent of adults from Country X were first married between
the ages of 18 and 32, and 26 percent of adults from Country Y were first married between the ages of 18 and
32. Based on the estimates, which of the following is closest to the probability that the difference in proportions
between a random sample of 60 adults from Country X and a random sample of 50 adults from Country Y
(Country X minus Country Y) who were first married between the ages of 18 and 32 is greater than 0.15 ?

(A) 0.1398
(B) 0.2843
(C) 0.4315
(D) 0.5685
(E) 0.7157
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38. A consumer group wanted to investigate the relationship between the number of items purchased at a single visit
to the local grocery store and the total cost of the items purchased. The group obtained a random sample of
11 receipts from the store and recorded the total number of items and the total cost from each receipt. The
computer output of an analysis of total cost versus number of items purchased is shown in the table.

Estimate Std Error t Ratio Prob > 1t
Intercept 1.882 6.6854 0.28 0.7847
Number of items 2.784 0.2265 12.29 < 0.0001

Assume all conditions for inference were met. Based on the results shown in the table, which of the following is
a 95 percent confidence interval for the average change in total cost for each increase of 1 item purchased?

(A) 2.784 £12.29(0.2265)

(B) 2.784 £ 2.262(0.2265)

0.2265)
Vi1

(D) 1.882 +£1.96(6.6854)

(C) 2.784 + 2.262(

(E) 1.882 +2.262(6.6854)
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39. A doctor uses a new diagnostic test to indicate whether a patient has a certain disease. The doctor will prescribe
medication for the patient if the doctor believes the patient has the disease, as indicated by the diagnostic test.
The situation is similar to using a null hypothesis and an alternative hypothesis to decide whether to prescribe the
medication. The hypotheses can be stated as follows.

H,, : The patient does not have the disease.
H, : The patient has the disease.
Which of the following best describes the power of the test?

(A) The probability that the new test is better than an older test to indicate whether a patient has
the disease

(B) The probability that the new test indicates the disease in a patient who has the disease
(C) The probability that the new test indicates the disease in a patient who does not have the disease
(D) The probability that the new test does not indicate the disease in a patient who has the disease

(E) The probability that the new test does not indicate the disease in a patient who does not have the disease
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40. To investigate the relationship between age and preference for two mayoral candidates in an upcoming election,
a random sample of city residents was surveyed. The residents were asked which candidate they preferred, and
each resident was classified into one of three age-groups. The test statistic for the appropriate hypothesis test was
3.7408. Approximately what is the probability that the observed responses would be as far or farther from the
expected responses if there is no association between age-group and preference?

(A) 0.0001
(B) 0.1541
(C) 0.2908
(D) 0.5873
(E) 0.7117
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END OF SECTION |

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY
CHECK YOUR WORK ON THIS SECTION.

DO NOT GO ON TO SECTION Il UNTIL YOU ARE TOLD TO DO SO.

MAKE SURE YOU HAVE DONE THE FOLLOWING.

e PLACED YOUR AP NUMBER LABEL ON YOUR ANSWER SHEET

e WRITTEN AND GRIDDED YOUR AP NUMBER CORRECTLY ON YOUR
ANSWER SHEET

e TAKEN THE AP EXAM LABEL FROM THE FRONT OF THIS BOOKLET
AND PLACED IT ON YOUR ANSWER SHEET
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Table A Standard normal probabilities

Table entry for z is the
probability lying below z.

Probability

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
-34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
-32 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
-2.9 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
-2.7 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
=23 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
-24 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
-23 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 0084
=22 .0139 .0136 .0132 .0129 0125 .0122 .0119 .0116 .0113 .0110
-2.1 .0179 .0174 .0170 .0166 .0162 .0158 0154 .0150 .0146 .0143
-2.0 .0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 .0183
Ik .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
-1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
-1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 0375 .0367
-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
=15 .0668 0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .0559
-1.4 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
-13 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
-1.2 1151 1131 112 .1093 1075 .1056 .1038 .1020 .1003 .0985
-1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 1170
-1.0 1587 1562 1539 1515 .1492 .1469 .1446 .1423 1401 1379
-0.9 1841 1814 1788 1762 .1736 A .1685 .1660 .1635 1611
-0.8 2119 .2090 .2061 .2033 .2005 1977 .1949 1922 .1894 1867
-0.7 .2420 2389 2358 2327 .2296 .2266 .2236 .2206 2177 2148
-0.6 2743 .2709 2676 .2643 2611 2578 2546 2514 .2483 2451
-0.5 .3085 .3050 3015 2981 .2946 2912 28717 .2843 2810 2776
-0.4 3446 .3409 3372 3336 .3300 3264 3228 3192 3156 3121
-0.3 3821 3783 3745 3707 .3669 .3632 3594 .3557 .3520 .3483
-0.2 4207 4168 4129 4090 4052 4013 3974 .3936 .3897 3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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Table entry for z is the

probability lying below z.

Probability

Z
Table A (Continued)

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 5160 5199 .5239 .5279 5319 5359
0.1 .5398 .5438 5478 5517 .5557 .5596 .5636 5675 5714 5753
0.2 5793 .5832 5871 5910 .5948 5987 .6026 .6064 .6103 6141
0.3 6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480  .6517
0.4 .6554 .6591 6628 6664 .6700 6736 6772 .6808 .6844 .6879
0.5 .6915 .6950 .6985 7019 7054 7088 7123 1157 7190 1224
0.6 7257 7291 7324 1357 7389 7422 7454 7486 1517 7549
0.7 7580 7611 7642 7673 7704 7734 1764 7794 7823 7852
0.8 7881 7910 7939 7967 7995 .8023 .8051 .8078 .8106  .8133
0.9 8159 .8186 8212 .8238 .8264 .8289 .8315 .8340 .8365 .8389
1.0 .8413 .8438 .8461 .8485 .8508 8531 .8554 .8577 8599 8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810 .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 9066 .9082 .9099 9115 9131 9147 9162 9177
14 9192 .9207 9222 9236 9251 .9265 .9279 .9292 9306 9319
1.5 9332 9345 9357 .9370 9382 .9394 .9406 9418 9429 9441
1.6 .9452 .9463 9474 9484 .9495 .9505 9515 9525 9535 9545
1.7 9554 9564 9573 9582 9591 9599 .9608 9616 9625 9633
1.8 9641 .9649 .9656 9664 9671 9678 .9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 .9750 9756 9761 9767
2.0 9772 9778 .9783 9788 .9793 9798 .9803 .9808 9812 .9817
2.1 9821 9826 19830 9834 9838 9842 9846 .9850 9854 9857
2.2 9861 9864 .9868 9871 9875 9878 .9881 9884 9887 9890
2.3 9893 .9896 9898 19901 .9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 9922 .9925 .9927 .9929 9931 9932 9934 9936
2.5 9938 .9940 9941 .9943 .9945 .9946 .9948 .9949 9951 .9952
2.6 .9953 .9955 .9956 .9957 .9959 .9960 9961 .9962 9963 9964
2.7 .9965 .9966 .9967 .9968 .9969 .9970 9971 9972 9973 9974
2.8 9974 9975 .9976 9977 9977 9978 .9979 9979 9980 9981
2.9 9981 .9982 .9982 .9983 .9984 .9984 .9985 .9985 9986  .9986
3.0 9987 9987 9987 9988 9988 9989 .9989 9989 .9990 .9990
3.1 .9990 9991 9991 9991 .9992 9992 .9992 9992 29993 9993
3.2 .9993 .9993 .9994 .9994 .9994 .9994 .9994 .9995 9995 9995
33 9995 9995 9995 .9996 .9996 .9996 .9996 .9996 9996 9997
34 9997 .9997 9997 9997 .9997 9997 .9997 .9997 29997 9998
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Table entry for p and

C is the point * with Probability p
probability p lying
above it and
probability C lying
between —t* and r*.
t*
Table B ¢ distribution critical values
Tail probability p
df 25 .20 15 .10 .05 .025 .02 .01 .005 .0025 .001 .0005
1 1.000 1.376 1.963 3.078 6.314 12.71 15.89 31.82 63.66 127.3 318.3 636.6
2 816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 22.33 31.60
3 765 978 1.250 1.638 2.353 3.182 3.482 4.541 5.841 7.453 10.21 12.92
4 7141 941 1.190 1.533 2.132 2.776 2.999 3.747 4.604 5.598 7.173 8.610
5 127 920 1.156 1.476 2.015 2.571 2.757 3.365 4.032 4.773 5.893 6.869
6 718 .906 1.134 1.440 1.943 2.447 2.612 3.143 3.707 4.317 5.208 5.959
7 11 .896 1.119 1.415 1.895 2.365 2.517 2.998 3.499 4.029 4.785 5.408
8 7106 .889 1.108 1.397 1.860 2.306 2.449 2.896 3.355 3.833 4.501 5.041
9 703 .883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781
10 700 879 1.093 1.372 1.812 2.228 2.359 2.764 3.169 3.581 4.144 4.587
11 .697 .876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4.437
12 .695 873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3.930 4.318
13 .694 .870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3.372 3.852 4.221
14 .692 .868 1.076 1.345 1.761 2.145 2.264 2.624 2.977 3.326 3.787 4.140
15 .691 .866 1.074 1.341 1.753 2.131 2.249 2.602 2.947 3.286 3.733 4.073
16 .690 .865 1.071 1.337 1.746 2.120 2.235 2.583 2.921 3.252 3.686 4.015
17 .689 .863 1.069 1.333 1.740 2.110 2.224 2.567 2.898 3.222 3.646 3.965
18 .688 .862 1.067 1.330 1.734 2.101 2.214 2.552 2.878 3.197 3.611 3.922
19 .688 .861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883
20 .687 .860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850
21 .686 .859 1.063 1.323 1.721 2.080 2.189 2.518 2.831 3.135 3.527 3.819
22 .686 858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792
23 .685 .858 1.060 1.319 1.714 2.069 2.177 2.500 2.807 3.104 3.485 3.768
24 .685 857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745
25 .684 .856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725
26 .684 .856 1.058 1.315 1.706 2.056 2.162 2.479 2.779 3.067 3.435 3.707
27 .684 855 1.057 1.314 1.703 2.052 2.158 2473 2.771 3.057 3.421 3.690
28 .683 .855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674
29 .683 854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.396 3.659
30 .683 854 1.055 1.310 1.697 2.042 2.147 2.457 2.750 3.030 3.385 3.646
40 .681 851 1.050 1.303 1.684 2.021 2.123 2.423 2.704 2971 3.307 3.551
50 .679 .849 1.047 1.299 1.676 2.009 2.109 2.403 2.678 2.937 3.261 3.496
60 .679 .848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2915 3.232 3.460
80 .678 .846 1.043 1.292 1.664 1.990 2.088 2.374 2.639 2.887 3.195 3416
100 677 .845 1.042 1.290 1.660 1.984 2.081 2.364 2.626 2.871 3.174 3.390
1000 .675 .842 1.037 1.282 1.646 1.962 2.056 2.330 2.581 2.813 3.098 3.300
o0 .674 .841 1.036 1.282 1.645 1.960 2.054 2.326 2.576 2.807 3.091 3.291
50% 60% 70% 80% 90% 95% 96% 98% 99% 99.5% 99.8% 99.9%

Confidence level C
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Table entry for p is the point
(x?) with probability p lying

Probability p

above it.
1
()
Table C 42 critical values
Tail probability p

df 25 .20 15 .10 .05 .025 .02 .01 .005 .0025  .001 .0005
1 1.32 1.64 2.07 2.71 3.84 5.02 5.41 6.63 7.88 9.14 10.83 12.12
2 2.77 3.22 3.79 4.61 5.99 7.38 7.82 9.21 10.60 1198  13.82 15.20
3 4.11 4.64 5.32 6.25 7.81 9.35 9.84 11.34 12.84 14.32 16.27 17.73
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 1642 1847 20.00
5 6.63 7.29 8.12 9.24 11.07 12.83 13.39 15.09 16.75 18.39 20.51 22.11
6 7.84 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.55 20.25 2246 24.10
7 9.04 9.80 10.75 12.02 14.07 16.01 16.62 18.48 20.28 22.04 24.32 26.02
8 10.22 11.03 12.03 13.36 15.51 17.53 18.17 20.09 21.95 23.77 26.12 27.87
9 11.39 12.24 13.29 14.68 16.92 19.02 19.68 21.67 23.59 25.46 27.88 29.67
10 12.55 13.44 14.53 15.99 18.31 20.48 21.16 23.21 25.19 27.11  29.59 31.42
11 13.70 14.63 15.77 17.28 19.68 21.92 22.62 24.72 26.76 28.73 31.26 33.14
12 14.85 15.81 16.99 18.55 21.03 23.34 24.05 26.22 28.30 30.32 3291 34.82
13 15.98 16.98 18.20 19.81 22.36 24.74 25.47 27.69 29.82 31.88 34.53 36.48
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 29.14 31.32 3343 36.12 38.11
15 18.25 19.31 20.60 22.31 25.00 27.49 28.26 30.58 32.80 3495 37770 39.72
16 19.37 20.47 21.79 23.54 26.30 28.85 29.63 32.00 34.27 36.46 39.25 41.31
17 20.49 21.61 22.98 24.77 27.59 30.19 31.00 33.41 35.72 37.95  40.79 42.88
18 21.60 22.76 24.16 25.99 28.87 31.53 32.35 34.81 37.16 39.42 42.31 44.43
19 22.72 23.90 25.33 27.20 30.14 32.85 33.69 36.19 38.58 40.88  43.82 45.97
20 23.83 25.04 26.50 28.41 31.41 34.17 35.02 37.57 40.00 42.34 45.31 47.50
21 24.93 26.17 27.66 29.62 32.67 35.48 36.34 38.93 41.40 4378  46.80 49.01
22 26.04 27.30 28.82 30.81 33.92 36.78 37.66 40.29 42.80 45.20 48.27 50.51
23 27.14 28.43 29.98 32.01 35.17 38.08 38.97 41.64 44.18 46.62  49.73 52.00
24 28.24 29.55 31.13 33.20 36.42 39.36 40.27 42.98 45.56 48.03 51.18 53.48
25 29.34 30.68 32.28 34.38 37.65 40.65 41.57 44.31 46.93 49.44  52.62 54.95
26 30.43 31.79 3343 35.56 38.89 41.92 42.86 45.64 48.29 50.83  54.05 56.41
27 31.53 3291 34.57 36.74 40.11 43.19 44.14 46.96 49.64 52.22 55.48 57.86
28 32.62 34.03 35.71 37.92 41.34 44.46 45.42 48.28 50.99 53.59  56.89 59.30
29 33.71 35.14 36.85 39.09 42.56 45.72 46.69 49.59 52.34 5497  58.30 60.73
30 34.80 36.25 37.99 40.26 43.717 46.98 47.96 50.89 53.67 56.33  59.70 62.16
40 45.62 47.27 49.24 51.81 55.76 59.34 60.44 63.69 66.77 69.70  73.40 76.09
50 56.33 58.16 60.35 63.17 67.50 71.42 72.61 76.15 79.49 82.66  86.66 89.56

60 66.98 68.97 71.34 74.40 79.08 83.30 84.58 88.38 91.95 95.34 99.61 102.7

80 88.13 90.41 93.11 96.58 1019 106.6 108.1 112.3 116.3 120.1 124.8 128.3

100 109.1 111.7 114.7 118.5 124.3 129.6 131.1 135.8 140.2 144.3 149.4 153.2
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Section II: Free-Response Questions

This is the free-response section of the 2018 AP Exam.

It includes cover material and other administrative instructions

to help familiarize students with the mechanics of the exam.

(Note that future exams may differ in look from the following content.)



AP° Statistics Exam

(SECTION II: Free Response )

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO.

( At a Glance )

Total Time
1 hour and 30 minutes
Number of Questions
6
Percent of Total Score
50%
Writing Instrument

Either pencil or pen with
black or dark blue ink

Electronic Device

Graphing calculator
expected

Part A

Number of Questions
5
Suggested Time
1 hour and 5 minutes
Percent of Section Il Score
75%

Part B

Number of Questions
1

Suggested Time
25 minutes

Percent of Section Il Score
25%

N\ J

IMPORTANT Identification Information

PLEASE PRINT WITH PEN:

1. Firsttwo letters of your last name D]
First letter of your first name |:|

2. Date of birth

Month Day Year
3. Six-digit school code
its reporting.

| | | | | | | No, | do not grant the College Board

these rights.
" 4 ’ /

Instructions

The questions for both Part A and Part B are printed in this booklet. You may use any
blank space in the booklet to organize your answers and for scratch work, but you must
write your answers in the spaces provided for each answer. Pages containing statistical
tables and useful formulas are printed in this booklet.

4. Unless | check the box below, | grant the
College Board the unlimited right to use,
reproduce, and publish my free-response
materials, both written and oral, for
educational research and instructional

purposes. My name and the name of my

| | school will not be used in any way in

connection with my free-response

materials. | understand that | am free to
mark “No” with no effect on my score or

You may wish to look over the questions before starting to work on them. It is not
expected that everyone will be able to complete all parts of all questions. Show all your
work. Indicate clearly the methods you use because you will be scored on the correctness
of your methods as well as the accuracy and completeness of your results and
explanations. Correct answers without supporting work may not receive credit. Write your
solution to each part of each question in the space provided for that part. Write clearly
and legibly. Cross out any errors you make; erased or crossed-out work will not be scored.

Manage your time carefully. The proctor will announce the suggested time for Part A and
Part B, but you may proceed freely from one question to the next. You may review your
responses if you finish before the end of the exam is announced.

Form I
Form Code 40BP4-S
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Formulas begin on page 3.
Questions begin on page 6.
Tables begin on page 20.



Formulas

(D Descriptive Statistics
Sy = \/—2 x - x
(nl— 1)s% +(n2—1)s%
N =)y 1)
y b0+bx
2 (%~ )0~ )
b1 = 5
z(xi_x)
bO = }—bly_c
T 1_ 12[)%3_ x}(yis_ yJ
x y
Sy
b1 = rg
~\2
z(yi_yi)
5, = n—2



(II) Probability

P(AU B) = P(A) + P(B) — P(A N B)

P(A N B)

P(A|B) = =73

E(X)=py = inpi
Var(X) = 0')26 = Z(x.— ux)z p;

If X has a binomial distribution with parameters 7 and p, then:

P(X = k) = (ij" (1—p)t=k

UWx = np
o, =npl=p)
Mf, =p

If X is the mean of a random sample of size 7 from an infinite
population with mean p and standard deviation o, then:

Uy = H

O— =
X

g
Jn



(III)  Inferential Statistics

Standardized test statistic:

statistic —parameter

standard deviation of statistic

Confidence interval: statistic £ (critical value) » (standard deviation of statistic)

Single-Sample

Statistic

Standard Deviation
of Statistic

Sample Mean

s

Sample Proportion

/p(l -p)
n

Two-Sample

Standard Deviation

Statistic of Statistic
Difference of 0-12 o‘%
sample means B N

nl n2

Special case when o, = o,

\ny  m

Difference of
sample proportions

Pl(l - Pl) n Pz(l - Pz)
n 1y

Special case when p; = p,

T, 1

p(1-p) PR

Chi-square test statistic = z

(observed — expected)’
expected




STATISTICS
SECTION II
Part A
Questions 1-5
Spend about 1 hour and 5 minutes on this part of the exam.
Percent of Section II score—75

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

1. The students enrolled in honors biology at a high school were given the task of using a spreadsheet program to
investigate a topic in genetics. All students in the class had similar background knowledge of the topic. Some
students in the class had no spreadsheet experience, Group R, and needed time to learn the program to complete
the task. The rest of the students, Group S, had previous spreadsheet experience and typically took less time to
complete the task. Each of the histograms below show the distribution of completion times, in minutes, for one
of the two groups.

Histogram I Histogram II
14+ 14+
12+ = 12+
> 107 2 107 —
5 87 g 81
g 0 g 01
"4y “ RS
o TThrn o tefbed]
Oty e
3545 55 65 75 85 95105115 3545 55 65 75 85 95105115
Completion Time Completion Time

(a) Of the two histograms shown, I and II, which is more likely to be the distribution of completion times for the
students in Group R? Justify your answer.
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(b) Describe the shape of a histogram created from the data of the two groups of students combined.

(c) Consider the population of all students in honors biology classes in the high school’s state who are given the
task of using the spreadsheet program to investigate the topic in genetics. The distribution of the completion
times has a shape similar to the combined histogram of students at the high school, with mean 70 minutes
and standard deviation 26.5 minutes. For random samples of 50 students taken from the population, describe
the sampling distribution of the sample mean completion time.

Unauthorized copying or reuse of
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2. Researchers are designing an experiment to compare two different types of running shoes, A and B, to
investigate which type is better for minimizing running time for a one-mile run. The experiment will consist of
distributing the shoes to runners who are classified as either professional or recreational. A randomized block
design is planned, with blocking by classification of runner. Random samples of 50 professional runners and
50 recreational runners will be selected. Each runner within each classification will be randomly assigned to
wear either the type A shoe or the type B shoe, and their running times will be recorded for a one-mile run.

(a) What is a statistical advantage of blocking by the classification of runner?

(b) Why is it important to randomize the type of shoe the runner will wear instead of allowing the runner to
choose the shoe?

Unauthorized copying or reuse of
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(c) Explain how the design of the experiment will address replication. What is the benefit of the replication?

Unauthorized copying or reuse of
any part of this page is illegal.

GO ON TO THE NEXT PAGE.



3. A large university offers STEM (science, technology, engineering, and mathematics) internships to women
in STEM majors at the university. A woman must be 20 years or older to meet the age requirement for the
internships. The table shows the probability distribution of the ages of the women in STEM majors at the
university.

Age (years) 17 18 19 20 21 22 23 or older
Probability | 0.005 | 0.107 | 0.111 | 0.252 | 0.249 | 0.213 0.063

(a) Suppose one woman is selected at random from the women in STEM majors at the university. What is the
probability that the woman selected will not meet the age requirement for the internships?

The university will select a sample of 100 women in STEM majors to participate in a focus group about the
internships.

(b) Suppose a simple random sampling process is used to select the sample of 100 women. What is the
probability that at least 30 percent of the women in the sample will not meet the age requirement for the
internships?

Unauthorized copying or reuse of
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(c) Suppose a stratified random sampling design is used to select a sample of 30 women who do not meet the
age requirement and a sample of 70 women who do meet the age requirement. Based on the probability
distribution, is a woman who does not meet the age requirement more likely, less likely, or equally likely to
be selected with a stratified random sample than with a simple random sample? Justify your answer.

Unauthorized copying or reuse of
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4. Activity trackers are electronic devices that people wear to record physical activity. Researchers wanted to
estimate the mean number of steps taken on a typical workday for people working in New York City who
wear such trackers. A random sample of 61 people working in New York City who wear an activity tracker
was selected. The number of steps taken on a typical workday for each person in the sample was recorded.
The mean was 9,797 steps and the standard deviation was 2,313 steps.

(a) Construct and interpret a 99 percent confidence interval for the mean number of steps taken on a
typical workday for all people working in New York City who wear an activity tracker.

Unauthorized copying or reuse of
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(b) A wellness director at a company in New York City wants to investigate whether it is unusual for
one person working in the city who wears an activity tracker to record approximately 8,500 steps on
a typical workday. Is it appropriate to use the confidence interval found in part (a) to conduct the
investigation? Explain your answer.

Unauthorized copying or reuse of
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5. The total race time for a 100-meter dash can be considered the sum of two variables: the reaction time to the
starting signal and the running time for the 100 meters. The scatterplot shows reaction times and running times
for 20 runners in a certain race. The winner was the runner with the least total race time.

11.01

10.8 °

10.61

1041

102+ .

10.0" (]

Running Time (seconds)

9.81 °

9.6 1 °

94 } } : : : : } :
0.13 0.15 0.17 0.19 0.21

Reaction Time (seconds)

(a) Circle the point on the graph that represents the runner who won the race and approximate the total race time
for that runner.
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(b) Based on the graph, is it reasonable to assume that reaction time and running time are independent? Justify
your answer.

(c) Based on the least-squares regression model created from the data, explain why the use of extrapolation to
predict the running time for a runner whose reaction time is 0.30 second might not be appropriate.

Unauthorized copying or reuse of
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STATISTICS
SECTION II
Part B
Question 6
Spend about 25 minutes on this part of the exam.
Percent of Section II score—25

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

6. A large company produces an equal number of brand-name lightbulbs and generic lightbulbs. The director of
quality control sets guidelines that production will be stopped if there is evidence that the proportion of all
lightbulbs that are defective is greater than 0.10. The director also believes that the proportion of brand-name
lightbulbs that are defective is not equal to the proportion of generic lightbulbs that are defective. Therefore, the
director wants to estimate the average of the two proportions.

To estimate the proportion of brand-name lightbulbs that are defective, a simple random sample of
400 brand-name lightbulbs is taken and 44 are found to be defective. Let X represent the number of
brand-name lightbulbs that are defective in a sample of 400, and let p, represent the proportion of all

brand-name lightbulbs that are defective. It is reasonable to assume that X is a binomial random variable.

(a) One condition for obtaining an interval estimate for p, is that the distribution of py is approximately

normal. Is it reasonable to assume that the condition is met? Justify your answer.

(b) The standard error of py is approximately 0.0156. Show how the value of the standard error is calculated.

Unauthorized copying or reuse of
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(c) How many standard errors is the observed value of p, from 0.10 ?

To estimate the proportion of generic lightbulbs that are defective, a simple random sample of 400 generic
lightbulbs is taken and 104 are found to be defective. Let Y represent the number of generic lightbulbs that are
defective in a sample of 400. It is reasonable to assume that Y is a binomial random variable and the distribution
of py is approximately normal, with an approximate standard error of 0.0219. It is also reasonable to assume

that X and Y are independent.

The parameter of interest for the manager of quality control is D, the average proportion of defective lightbulbs
Px T Py

for the brand-name and the generic lightbulbs. D is defined as D = 3

(d) Consider ﬁ, the point estimate of D.

(i) Calculate D using data from the sample of brand-name lightbulbs and the sample of generic
lightbulbs.

(i1) Calculate s -, the standard error of D.

Unauthorized copying or reuse of
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Consider the following hypotheses.
H,, : The average proportion of all lightbulbs that are defective is 0.10. (D = 0.10)

H, : The average proportion of all lightbulbs that are defective is greater than 0.10. (D > 0.10)

D-0.10

5

A reasonable test statistic for the hypotheses is W, defined as W =

(e) Calculate W using your answer to part (d).

(f) Chebyshev’s inequality states that the proportion of any distribution that lies within k standard errors of the
mean is at least

- L

K
Use Chebyshev’s inequality and the value of W to decide whether there is statistical evidence, at the
significance level of & = 0.05, that D, the average proportion of all lightbulbs that are defective, is greater
than 0.10.

Unauthorized copying or reuse of
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STOP

END OF EXAM

THE FOLLOWING INSTRUCTIONS APPLY TO THE COVERS OF THE
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COVERS OF THE SECTION Il BOOKLET.

e CHECK TO SEE THAT YOUR AP NUMBER LABEL APPEARS IN
THE BOX ON THE FRONT COVER.

e MAKE SURE YOU HAVE USED THE SAME SET OF AP
NUMBER LABELS ON ALL AP EXAMS YOU HAVE TAKEN
THIS YEAR.
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Table A Standard normal probabilities

Table entry for z is the
probability lying below z.

Probability

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
-34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
-32 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
-2.9 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
-2.7 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
=23 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
-24 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
-23 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 0084
=22 .0139 .0136 .0132 .0129 0125 .0122 .0119 .0116 .0113 .0110
-2.1 .0179 .0174 .0170 .0166 .0162 .0158 0154 .0150 .0146 .0143
-2.0 .0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 .0183
Ik .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
-1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
-1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 0375 .0367
-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
=15 .0668 0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .0559
-1.4 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
-13 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
-1.2 1151 1131 112 .1093 1075 .1056 .1038 .1020 .1003 .0985
-1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 1170
-1.0 1587 1562 1539 1515 .1492 .1469 .1446 .1423 1401 1379
-0.9 1841 1814 1788 1762 .1736 A .1685 .1660 .1635 1611
-0.8 2119 .2090 .2061 .2033 .2005 1977 .1949 1922 .1894 1867
-0.7 .2420 2389 2358 2327 .2296 .2266 .2236 .2206 2177 2148
-0.6 2743 .2709 2676 .2643 2611 2578 2546 2514 .2483 2451
-0.5 .3085 .3050 3015 2981 .2946 2912 28717 .2843 2810 2776
-0.4 3446 .3409 3372 3336 .3300 3264 3228 3192 3156 3121
-0.3 3821 3783 3745 3707 .3669 .3632 3594 .3557 .3520 .3483
-0.2 4207 4168 4129 4090 4052 4013 3974 .3936 .3897 3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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Table entry for z is the

probability lying below z.

Table A (Continued)

Probability

b4 .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 5160 5199 .5239 5279 5319 5359
0.1 .5398 .5438 5478 5517 .5557 .5596 .5636 5675 5714 5753
0.2 5793 5832 5871 5910 .5948 5987 .6026 .6064 .6103 .6141
0.3 .6179 6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480  .6517
0.4 .6554 .6591 .6628 .6664 .6700 .6736 6772 .6808 .6844 6879
0.5 .6915 .6950 .6985 7019 7054 7088 7123 N 157 7190 7224
0.6 1257 7291 7324 1357 7389 7422 7454 7486 517 7549
0.7 .7580 7611 7642 7673 7704 1734 7764 7794 7823 7852
0.8 7881 7910 7939 7967 71995 .8023 .8051 .8078 .8106  .8133
0.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365 .8389
1.0 .8413 .8438 .8461 .8485 .8508 8531 .8554 8577 .8599  .8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810  .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 .9066 .9082 .9099 9115 9131 9147 9162 9177
1.4 9192 .9207 9222 9236 9251 9265 9279 9292 9306 .9319
1.5 9332 9345 .9357 .9370 9382 9394 .9406 9418 9429 9441
1.6 9452 .9463 9474 9484 .9495 .9505 9515 9525 .9535 .9545
1.7 9554 9564 9573 .9582 9591 9599 .9608 9616 9625 9633
1.8 9641 .9649 .9656 .9664 9671 9678 .9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 .9793 9798 .9803 .9808 9812 9817
2.1 9821 .9826 9830 9834 9838 9842 .9846 .9850 9854 9857
22 9861 .9864 9868 9871 9875 9878 9881 9884 .9887 .9890
23 9893 .9896 9898 9901 .9904 9906 .9909 9911 9913 9916
2.4 9918 .9920 .9922 .9925 .9927 .9929 9931 9932 9934 9936
2.5 9938 .9940 9941 .9943 .9945 .9946 .9948 .9949 9951 .9952
2.6 .9953 .9955 .9956 .9957 .9959 .9960 .9961 9962 .9963 .9964
2.7 .9965 .9966 9967 9968 .9969 9970 9971 9972 9973 9974
2.8 9974 .9975 .9976 9977 9977 9978 .9979 .9979 9980 9981
2.9 9981 9982 9982 .9983 .9984 9984 9985 .9985 9986 9986
3.0 9987 .9987 9987 9988 .9988 9989 .9989 .9989 9990 9990
3.1 .9990 9991 9991 9991 .9992 .9992 .9992 9992 .9993 .9993
32 .9993 .9993 9994 9994 .9994 9994 .9994 .9995 .9995 .9995
33 .9995 .9995 .9995 .9996 .9996 .9996 .9996 9996 9996 9997
3.4 9997 .9997 9997 9997 .9997 9997 9997 .9997 .9997 .9998
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Table entry for p and

C is the point * with Probability p
probability p lying
above it and
probability C lying
between —t* and r*.
t*
Table B ¢ distribution critical values
Tail probability p
df 25 .20 15 .10 .05 .025 .02 .01 .005 .0025 .001 .0005
1 1.000 1.376 1.963 3.078 6.314 12.71 15.89 31.82 63.66 127.3 318.3 636.6
2 816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 22.33 31.60
3 765 978 1.250 1.638 2.353 3.182 3.482 4.541 5.841 7.453 10.21 12.92
4 7141 941 1.190 1.533 2.132 2.776 2.999 3.747 4.604 5.598 7.173 8.610
5 127 920 1.156 1.476 2.015 2.571 2.757 3.365 4.032 4.773 5.893 6.869
6 718 .906 1.134 1.440 1.943 2.447 2.612 3.143 3.707 4.317 5.208 5.959
7 11 .896 1.119 1.415 1.895 2.365 2.517 2.998 3.499 4.029 4.785 5.408
8 7106 .889 1.108 1.397 1.860 2.306 2.449 2.896 3.355 3.833 4.501 5.041
9 703 .883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781
10 700 879 1.093 1.372 1.812 2.228 2.359 2.764 3.169 3.581 4.144 4.587
11 .697 .876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4.437
12 .695 873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3.930 4.318
13 .694 .870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3.372 3.852 4.221
14 .692 .868 1.076 1.345 1.761 2.145 2.264 2.624 2.977 3.326 3.787 4.140
15 .691 .866 1.074 1.341 1.753 2.131 2.249 2.602 2.947 3.286 3.733 4.073
16 .690 .865 1.071 1.337 1.746 2.120 2.235 2.583 2.921 3.252 3.686 4.015
17 .689 .863 1.069 1.333 1.740 2.110 2.224 2.567 2.898 3.222 3.646 3.965
18 .688 .862 1.067 1.330 1.734 2.101 2.214 2.552 2.878 3.197 3.611 3.922
19 .688 .861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883
20 .687 .860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850
21 .686 .859 1.063 1.323 1.721 2.080 2.189 2.518 2.831 3.135 3.527 3.819
22 .686 858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792
23 .685 .858 1.060 1.319 1.714 2.069 2.177 2.500 2.807 3.104 3.485 3.768
24 .685 857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745
25 .684 .856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725
26 .684 .856 1.058 1.315 1.706 2.056 2.162 2.479 2.779 3.067 3.435 3.707
27 .684 855 1.057 1.314 1.703 2.052 2.158 2473 2.771 3.057 3.421 3.690
28 .683 .855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674
29 .683 854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.396 3.659
30 .683 854 1.055 1.310 1.697 2.042 2.147 2.457 2.750 3.030 3.385 3.646
40 .681 851 1.050 1.303 1.684 2.021 2.123 2.423 2.704 2971 3.307 3.551
50 .679 .849 1.047 1.299 1.676 2.009 2.109 2.403 2.678 2.937 3.261 3.496
60 .679 .848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2915 3.232 3.460
80 .678 .846 1.043 1.292 1.664 1.990 2.088 2.374 2.639 2.887 3.195 3416
100 677 .845 1.042 1.290 1.660 1.984 2.081 2.364 2.626 2.871 3.174 3.390
1000 .675 .842 1.037 1.282 1.646 1.962 2.056 2.330 2.581 2.813 3.098 3.300
o0 .674 .841 1.036 1.282 1.645 1.960 2.054 2.326 2.576 2.807 3.091 3.291
50% 60% 70% 80% 90% 95% 96% 98% 99% 99.5% 99.8% 99.9%

Confidence level C
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Table entry for p is the point
(x?) with probability p lying

Probability p

above it.
1
()
Table C 42 critical values
Tail probability p

df 25 .20 15 .10 .05 .025 .02 .01 .005 .0025  .001 .0005
1 1.32 1.64 2.07 2.71 3.84 5.02 5.41 6.63 7.88 9.14 10.83 12.12
2 2.77 3.22 3.79 4.61 5.99 7.38 7.82 9.21 10.60 1198  13.82 15.20
3 4.11 4.64 5.32 6.25 7.81 9.35 9.84 11.34 12.84 14.32 16.27 17.73
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 1642 1847 20.00
5 6.63 7.29 8.12 9.24 11.07 12.83 13.39 15.09 16.75 18.39 20.51 22.11
6 7.84 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.55 20.25 2246 24.10
7 9.04 9.80 10.75 12.02 14.07 16.01 16.62 18.48 20.28 22.04 24.32 26.02
8 10.22 11.03 12.03 13.36 15.51 17.53 18.17 20.09 21.95 23.77 26.12 27.87
9 11.39 12.24 13.29 14.68 16.92 19.02 19.68 21.67 23.59 25.46 27.88 29.67
10 12.55 13.44 14.53 15.99 18.31 20.48 21.16 23.21 25.19 27.11  29.59 31.42
11 13.70 14.63 15.77 17.28 19.68 21.92 22.62 24.72 26.76 28.73 31.26 33.14
12 14.85 15.81 16.99 18.55 21.03 23.34 24.05 26.22 28.30 30.32 3291 34.82
13 15.98 16.98 18.20 19.81 22.36 24.74 25.47 27.69 29.82 31.88 34.53 36.48
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 29.14 31.32 3343 36.12 38.11
15 18.25 19.31 20.60 22.31 25.00 27.49 28.26 30.58 32.80 3495 37770 39.72
16 19.37 20.47 21.79 23.54 26.30 28.85 29.63 32.00 34.27 36.46 39.25 41.31
17 20.49 21.61 22.98 24.77 27.59 30.19 31.00 33.41 35.72 37.95  40.79 42.88
18 21.60 22.76 24.16 25.99 28.87 31.53 32.35 34.81 37.16 39.42 42.31 44.43
19 22.72 23.90 25.33 27.20 30.14 32.85 33.69 36.19 38.58 40.88  43.82 45.97
20 23.83 25.04 26.50 28.41 31.41 34.17 35.02 37.57 40.00 42.34 45.31 47.50
21 24.93 26.17 27.66 29.62 32.67 35.48 36.34 38.93 41.40 4378  46.80 49.01
22 26.04 27.30 28.82 30.81 33.92 36.78 37.66 40.29 42.80 45.20 48.27 50.51
23 27.14 28.43 29.98 32.01 35.17 38.08 38.97 41.64 44.18 46.62  49.73 52.00
24 28.24 29.55 31.13 33.20 36.42 39.36 40.27 42.98 45.56 48.03 51.18 53.48
25 29.34 30.68 32.28 34.38 37.65 40.65 41.57 44.31 46.93 49.44  52.62 54.95
26 30.43 31.79 3343 35.56 38.89 41.92 42.86 45.64 48.29 50.83  54.05 56.41
27 31.53 3291 34.57 36.74 40.11 43.19 44.14 46.96 49.64 52.22 55.48 57.86
28 32.62 34.03 35.71 37.92 41.34 44.46 45.42 48.28 50.99 53.59  56.89 59.30
29 33.71 35.14 36.85 39.09 42.56 45.72 46.69 49.59 52.34 5497  58.30 60.73
30 34.80 36.25 37.99 40.26 43.717 46.98 47.96 50.89 53.67 56.33  59.70 62.16
40 45.62 47.27 49.24 51.81 55.76 59.34 60.44 63.69 66.77 69.70  73.40 76.09
50 56.33 58.16 60.35 63.17 67.50 71.42 72.61 76.15 79.49 82.66  86.66 89.56

60 66.98 68.97 71.34 74.40 79.08 83.30 84.58 88.38 91.95 95.34 99.61 102.7

80 88.13 90.41 93.11 96.58 1019 106.6 108.1 112.3 116.3 120.1 124.8 128.3

100 109.1 111.7 114.7 118.5 124.3 129.6 131.1 135.8 140.2 144.3 149.4 153.2
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Multiple-Choice Answer Key

The following contains the answers to
the multiple-choice questions in this exam.



Answer Key for AP Statistics
Practice Exam, Section I
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Free-Response Scoring Guidelines

The following contains the scoring guidelines
for the free-response questions in this exam.



AP® STATISTICS
2018 SCORING GUIDELINES

Question 1

Intent of Question

The primary goals of this question are to assess a student’s ability to (1) identify which one of two histograms
is more likely to represent the data from a particular situation; (2) describe the distribution of a quantitative
variable based on a histogram that would result from combining two separate histograms; and (3) describe

a sampling distribution of the mean when provided with a population mean, population standard deviation,
sample size and shape of the population.

Solution
Part (a):

Histogram II is more likely to represent the Group R completion times. As noted, students in Group S
typically took less time to complete the task, and although the two histograms show the same range,
the values in Histogram I are generally smaller than those in Histogram II. So Histogram I is likely to
represent students in Group S and Histogram II is likely to represent students in Group R.

Part (b):

If the two histograms were to be combined, the distribution of completion times would be bimodal.
All values would be in the interval from 35 to 115. There would be more completion times in the intervals
from 35 to 55 and 95 to 115 than in the middle interval of 65 to 85.

Part (c):

The sampling distribution of the sample mean will be approximately normal with mean x, =70 minutes

26.
and standard deviation o, = ﬂ = 3.75 minutes. Although the original distribution of completion times

J50

is bimodal, the Central Limit theorem applies in this situation because the sample size of 50 is fairly large,
especially because there are no major outliers or skewness. Therefore, the sampling distribution is
approximately normal.
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Question 1 (continued)

Scoring

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

Essentially correct (E) if the response correctly provides the following three components:
1. States that Histogram II is more likely to be Group R.
2. Refers to the fact that Group R should have longer completion times (or Group S should have
shorter completion times).
3. Justifies the choice based on a comparison of the locations of the peaks or of the ranges in
Histograms I and II.

Partially correct (P) if the response provides component 1 and one of the other two components required
for E.

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

Note: Labeling Histogram II as being “Group R” is sufficient to satisfy the requirement of stating that
Histogram II is more likely to be Group R.

Part (b) is scored as follows:

Essentially correct (E) if the response states that the shape would be bimodal AND provides a reasonable
description of the distinct nature of the peaks. Examples of reasonable descriptions include drawing

a picture showing the approximate heights of the bars in each interval, or noting that the distribution
will have a distinct peak on each side.

Partially correct (P) if the response simply states that the shape is bimodal, without sufficient explanation;
OR

if the response provides a description or drawing illustrating the bimodal shape, but never uses

the term “bimodal.”

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

Note: The question asks about the shape of the histogram, so any computations or reference to center
and spread can be ignored, whether they are correct or incorrect.
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Question 1 (continued)

Part (c) is scored as follows:

Essentially correct (E) if the response correctly provides the following four components:

1.
2.

3.
4.

States that the mean of the sampling distribution is 70 minutes.

Correctly calculates the standard deviation of the sampling distribution as 3.75 minutes,
with enough work shown to know how the value was calculated.

States that the shape is approximately normal.

Justifies the shape by noting that the sample size of 50 is large.

Partially correct (P) if the response correctly provides only two or three of the four components
required for E.

Incorrect (I) if the student provides at most one of the components required for E.

Notes

Describing the sampling distribution as normal instead of approximately normal does not satisfy
component 3.

J50

Component 2 is satisfied if the formula is shown but the computation showing 3.75 as

the answer is not performed.

Context (“minutes”) is not required to satisfy components 1 and 2.
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Question 1 (continued)

Complete Response

Three parts essentially correct
Substantial Response

Two parts essentially correct and one part partially correct
Developing Response

Two parts essentially correct and no parts partially correct
OR

One part essentially correct and one or two parts partially correct
OR

Three parts partially correct
Minimal Response

One part essentially correct

OR
No parts essentially correct and two parts partially correct

© 2018 The College Board.
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Question 2

Intent of Question

The primary goals of this question are to assess a student’s ability to (1) explain why blocking is used in an
experiment; (2) explain why random assignment of treatments is used in an experiment; and (3) explain how
and why replication is used in an experiment.

Solution
Part (a):

Blocking is used to account for a known source of variation in the response to allow for a more precise
comparison of the treatments. In this situation the response variable is running speed. Professional
runners are likely to have higher running speeds than recreational runners, so the variability in speed
across runners should be smaller within each classification group than it is for all runners combined.
Having smaller variability in responses makes it easier to detect a difference between the two shoe types,
if it exists.

Part (b):

Randomization is used to reduce or eliminate the effect of confounding variables that might be related to
the explanatory variable (shoe type, in this case) and might also be associated with differences in the
response (running speed, in this case). If runners were allowed to choose which shoe to wear, it’s possible
that the runners who choose type A might differ in other ways from the runners who choose type B, and
that those differences might be related to running speed.

Part (c):

The design addresses replication by assigning multiple runners in each classification to wear each shoe
type. Replication is important in order to estimate the natural variability in running speeds within each
type of runner and shoe type. The estimate of natural variability is needed so that the mean running speeds
for the two types of shoes can be compared. Without an estimate of natural variability there is no way to
know if the difference in mean running times for the two shoe types within each runner classification is
larger than would be expected by chance.

© 2018 The College Board.
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Question 2 (continued)

Scoring

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

Part (a) is scored as follows:

Essentially correct (E) if the response includes both of the following components:
1. A reasonable description that blocking on classification of runner accounts for a known source
of variation in times, in context, and
2. A reasonable explanation of the fact that blocking on a known source of variability in the response
allows for a more precise comparison of treatment groups.

Partially correct (P) if the response includes one but not both of the components required for an E.

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

Part (b) is scored as follows:

Essentially correct (E) if the response includes the following two components.
1. A reasonable explanation of the fact that randomizing treatments is used to reduce or eliminate
the possibility of confounding variables, and
2. A reasonable explanation of how self-selection to treatments could introduce a confounding
variable, in context, by name or by example.

Partially correct (P) if the response includes one but not both of the components required for E.
Incorrect (I) if the response does not meet the criteria for E or P.
Notes:

e A response cannot earn an E if it explicitly describes random sampling.

e An explanation that randomizing treatments is necessary for a cause and effect conclusion earns
credit for component (1).

© 2018 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



AP® STATISTICS
2018 SCORING GUIDELINES

Question 2 (continued)
Part (c) is scored as follows:

Essentially correct (E) if the response includes the following two components.
1. An explanation of how replication is addressed in the design that includes the fact that multiple
runners are used.
2. Recognition that a benefit of replication is to obtain an estimate of variability in the response.

Partially correct (P) if the response includes one but not both of the components required for E.
Incorrect (I) if the response does not meet the criteria for E or P.

Notes:

e An explanation that a benefit of replication is to enable a statistical comparison of treatments
earns credit for component (2).

e An explanation that larger sample sizes increase the precision of comparisons earns credit
for component (2).

e If the response does not earn credit for component (1), an explanation of a statistical benefit of
replication which is tied to component (1) (e.g., the benefit of repeated measurement on the same
individual, or the benefit of using both professional and recreational runners) can earn credit
for component (2).
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Question 2 (continued)

Complete Response

Three parts essentially correct
Substantial Response

Two parts essentially correct and one part partially correct
Developing Response

Two parts essentially correct and no parts partially correct
OR

One part essentially correct and one or two parts partially correct
OR

Three parts partially correct
Minimal Response

One part essentially correct

OR
No parts essentially correct and two parts partially correct

© 2018 The College Board.
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Question 3

Intent of Question

The primary goals of this question are to assess a student’s ability to (1) find probabilities for a discrete
random variable using a probability distribution presented in table form; (2) recognize a binomial random
variable and compute a cumulative probability for it; and (3) compare the likelihoods of a particular event
based on whether a simple random sample or a stratified random sample is selected.

Solution
Part (a):

The selected woman will not meet the age requirement if she is 17, 18 or 19 years old. Therefore, the
probability that the selected woman will not meet the age requirement is 0.005+0.107+0.111 = 0.223.

Part (b):

Let X represent the number of women in the sample who do not meet the age requirement. X is a binomial
random variable with n=100 and p = 0.223, as found in part (a). At least 30% of the sample will not

meet the age requirement if X > 30. Using an exact binomial probability gives
P(X >30)=1-P(X <29)=1-0.9547 = 0.0453.

Part (c):
As shown in part (a), the proportion of women in the population who do not meet the age requirement
is 0.223. With a simple random sample of 100, the expected percent who do not meet the age requirement
is 22.3%. But with the stratified sample, the actual percent who do not meet the age requirement is set at

30%. Therefore, a woman who does not meet the age requirement is more likely to make it into the
stratified sample than the simple random sample.

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

Essentially correct (E) if the probability is computed correctly with work shown.

Partially correct (P) if the correct answer is given but no work is shown,;

if the(z-) forrect probabilities are used to find the answer to a different related question, such as

the probability that the woman will be at least 20 years old, or exactly 20 years old.

Incorrect (I) if no reasonable probability for answering the question is calculated.
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Question 3 (continued)

Part (b) is scored as follows:

Essentially correct (E) if the response includes the following three components.
1. States that the number of women in the sample who do not meet the age requirement is a binomial
random variable or specifies the correct values for nand p.
2. Provides the correct answer using either an exact binomial calculation, or a normal approximation
to the binomial.
3. Shows sufficient work to understand how the answer was calculated.

Partially correct (P) if the response includes two of the three components required for E.
Incorrect if the response does not meet the criteria for E or P.

Notes:
e The correct value of p can either be recomputed in part (b) or defined as whatever value
the response in part (a) reported for the probability that a randomly selected woman will not meet
the age requirement.
e Component 3 can be satisfied using calculator notation as long as n, p, and X are labeled.

Part (c) is scored as follows:

Essentially correct (E) if the response includes the following two components:
1. Correctly states that a woman who does not meet the age requirement is more likely to be included
in the stratified random sample than with the simple random sample
2. Justifies the choice by comparing the expected percentage of women who do not meet the age
requirement for the simple random sample (22.3%) with the percentage for the stratified random
sample (30%).

Partially correct (P) if the response:
1. Correctly states that a woman who does not meet the age requirement is more likely to be included
in the stratified random sample than with the simple random sample, AND
2. Provides only a weak justification, such as correctly mentioning one percentage, but not both.

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

Note: Component 2 is satisfied by comparing the expected counts (as opposed to percentages) for the two
sampling methods.
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Question 3 (continued)
Complete Response
Three parts essentially correct
3 Substantial Response
Two parts essentially correct and one part partially correct
2 Developing Response

Two parts essentially correct and no parts partially correct

OR
One part essentially correct and one or two parts partially correct
OR
Three parts partially correct
1 Minimal Response
One part essentially correct
OR

No parts essentially correct and two parts partially correct
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Question 4

Intent of Question

The primary goals of this question are to assess a student’s ability to (1) identify and compute an appropriate
confidence interval after checking the necessary conditions, (2) interpret the confidence interval in context,
and (3) determine whether it is appropriate to use the interval to answer a question about an individual.
Solution
Part (a):

Step 1: Identify the appropriate confidence interval (by name or formula) and check appropriate conditions.

The appropriate procedure is a one-sample t-interval for a population mean.

Conditions: 1. The sample is randomly selected from the population.
2. The population has a normal distribution, or the sample size is large.

Condition 1 is met because the stem states that a random sample was selected.
Condition 2 is met because the sample size of 61 is greater than 30.

Step 2: Correct mechanics

. . . . . —, . 8 . .
A confidence interval for the population mean is given by X =+t —. The critical value for 99%
n

confidence, based on 61—-1=60 degrees of freedom, is t" =2.660. The 99% confidence interval
for the population mean number of steps taken per workday is

9,797+ z.ee(ﬂj —9,797+787.76, or
J61

9,009.24 to0 10,584.76, or
9,009 steps to 10,585 steps, rounded.
Step 3: Interpretation

We can be 99% confident that for the population of people working in New York City who wear
fitness trackers the mean number of steps taken per workday is between 9,009 and 10,585.

Part (b):

No, it is not appropriate. A confidence interval provides an estimate of the population mean value,
but does not provide information about the range of individual values.
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Question 4 (continued)

Scoring

The question is scored in four sections. Section 1 consist of part (a), step 1; section 2 consists of part (a),
step 2; section 3 consists of part (a), step 3 and section 4 consists of part (b). Each section is scored as
essentially correct (E), partially correct (P), or incorrect (I).

Section 1 is scored as follows:

Essentially correct (E) if the response includes all three of the following components:
1. Identifies a one-sample t-interval (either by name or by formula).
2. States that random sampling is a required condition for inference and explains how the condition
is satisfied.
3. States that either the population distribution must be normal or the sample size must be large
and justifies that the condition is satisfied.

Partially correct (P) if the response includes component (1) and one of the two remaining components
required for an E.

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

Note: Component (1) cannot be satisfied by a formula that uses incorrect statistical notation, such asporo,
instead of x or s.

Section 2 is scored as follows:

Essentially correct (E) if the response gives the correct confidence interval. Supporting work is not
required, but if included, it must be correct.

Partially correct (P) if the response has the correct interval with an error in the supporting work;

OR
the response has an incorrect interval resulting from one or more errors in the supporting work shown.
Examples of possible errors include: using the t multiplier for a 95% confidence interval, or using the

wrong degrees of freedom for the multiplier for a 99% confidence interval, or dividing by +/60 instead

of\/a.

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

Notes:
e A minor arithmetic error or transcription error, such as writing 9,779 instead of 9,797 or 2,331
instead of 2,313, does not reduce the score from EtoPor P to I.

e Providing the appropriate formula for the t-interval using u or g, instead of x or s does not reduce
the score from Eto Por Pto L.
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Question 4 (continued)
Section 3 is scored as follows:

Essentially correct (E) if the response gives a reasonable interpretation of the interval that includes
the following four components.

1. 99% confidence interval statement

2. Estimate is for a mean

3. Inference is about a population

4. Context (“number of steps” is sufficient for context)

Partially correct (P) if the response gives a reasonable interpretation of the interval that includes
component (1) AND two of the remaining three components required for an (E);

OR
if the response gives a correct interpretation of the confidence level in context but does not attempt
to interpret the confidence interval.

Incorrect (I) if the response does not meet the criteria for E or P.
Note: If a 95% confidence interval is constructed in section 2, then the interpretation in section 3 is scored
as essentially correct if component (1) is stated as 95% confidence and the other components are all
correct.

Section 4 is scored as follows:
Essentially correct (E) if the response in part (b) correctly notes that the interval cannot be used to conduct
the investigation AND gives a justification that illustrates understanding that confidence intervals are not
about individual values.
Note: Examples of acceptable justification include noting that an individual value could be investigated by
constructing an interval using the sample mean and standard deviation only, or constructing such an

interval, or computing a z-score using the sample mean and standard deviation only.

Partially correct (P) if the response correctly notes that it is not appropriate to use the interval, with weak,
but reasonable justification.

Note: An example of an unreasonable justification is explaining that 8,500 is unusual (i.e., an outlier)
because it lies outside of the interval in part (a).

Incorrect (I) if the response does not meet the criteria for E or P.
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Question 4 (continued)

Each essentially correct (E) section counts as 1 point, and a partially correct (P) section counts as Y% point.

4 Complete Response

3 Substantial Response
2 Developing Response
1 Minimal Response

If a response is between two scores (for example, 2% points), use a holistic approach to decide whether to
score up or down, depending on the strength of the response and communication.
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Question 5

Intent of Question

The primary goals of this question are to assess a student’s ability to (1) interpret information in a scatter plot;
(2) assess whether two quantitative variables are independent based on a scatter plot; and (3) assess whether
data illustrated in a scatter plot can be used to predict a y-value for an x-value outside the range of the data.

Solution

Part (a):

Running Time (seconds)
=)
3
I
L]

ol O

9.4 5 t ‘
0.13 0.15 0.17 0.19
Reaction Time (seconds)

Il
L

0.21

The runner who won the race would be the one with the lowest sum of the two variables, which is the
runner whose reaction time was about 0.152 seconds and running time was about 9.61 seconds, for a total
of about 9.762 seconds.

Part (b):

It is not reasonable to assume that reaction time and running time are independent. There is a strong linear
relationship between them, illustrated by the scatter plot.

Part (c):

It might not be appropriate to predict the running time for a runner whose reaction time is 0.30 seconds
because the highest observed reaction time in the graph is only about 0.202 seconds, and 0.30 seconds is
substantially slower than 0.202. It also might not be appropriate to extrapolate beyond the value of 0.202
seconds because the relationship between the x- and y-variables may be different for higher reaction time
values.
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Question 5 (continued)

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

Essentially correct (E) if the response indicates the correct point on the graph and provides a good
approximation for the total time of the race for that runner.

Partially correct (P) if the response chooses the wrong point, but provides a good approximation
for the total time of the race for the runner chosen;

OR
if the response circles the correct point but does not provide a good approximation for the total time
for that runner.

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

Note: An approximation for total time that falls between 9.75 and 9.765 seconds is acceptable for part (a),
even with no work shown. Due to different scales on the axes, reasonable justification must be provided
for values of total time outside the interval from 9.75 and 9.765 seconds. Examples of reasonable
justification include writing the approximate values for reaction time and running time, drawing relevant
tick marks on the graph, or drawing relevant lines on the graph.

Part (b) is scored as follows:

Essentially correct (E) if the response says that it is not reasonable because of the presence of a clear,
positive association.

Partially correct (P) if the response says that it is not reasonable but provides only a weak justification,
such as “correlation” or “association”;

OR
if the response says that it is reasonable to assume they are independent, but then provides an explanation
indicating the presence of a clear, positive association.

Incorrect if the response does not meet the criteria for E or P.
Part (c) is scored as follows:
Essentially correct (E) if the response includes the following two components
1. Notes that 0.30 is longer than the slowest reaction time shown in the graph, and
2. States that the relationship may be different outside of the range shown, or argues that the model
may provide an unreasonable prediction for a reaction time of 0.3 seconds.

Partially correct (P) if the response includes only one of the two components required for E.

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

© 2018 The College Board.
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Question 5 (continued)

Complete Response

Three parts essentially correct
Substantial Response

Two parts essentially correct and one part partially correct
Developing Response

Two parts essentially correct and no parts partially correct
OR

One part essentially correct and one or two parts partially correct
OR

Three parts partially correct
Minimal Response

One part essentially correct

OR
No parts essentially correct and two parts partially correct

© 2018 The College Board.
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Question 6

Intent of Question

The primary goals of this question are to assess a student’s ability to (1) explain how to determine whether a
sampling distribution is approximately normal; (2) calculate the standard error for the sampling distribution of
a proportion and compare it to a value; (3) calculate the standard error for the average of two independent
random variables; (4) conduct a test of hypotheses in a non-standard situation, using a rule called Chebyshev’s
inequality.

Solution

Part (a):
It is reasonable to assume that the distribution is approximately normal. The required condition is that
there are at least 10 successes and 10 failures in the sample. In this case there are 44 defective lightbulbs

and 356 non-defective lightbulbs, thus both exceed the minimum of 10 required.

Part (b):

=0.0156.

Dy(1-Dy) _ \/(0.11)(0.89)

Note that p, = % = 0.11. So the standard error of Py is \/ 200
n

Part (c):

Since p, =0.11, 0.11-0.10 =0.01, so that Py is O%(I);G

=0.64 standard error away from 0.10.
Part (d):
0.11+0.26

A 104 N
i) First compute =—=0.26. SoD=————""--0.185.
(i) pute p, 200 2

(ii) The standard error of p, =0.0156 is obtained from part (b). The standard error of p, is

\/py(l — py) = \/(0'22)0(3'74) —0.0219. So the standard error of D is
n

D

s. = \/%(0.01562 + 0.02192) ~0.0134.

Part (e)

~0.185-0.10
0.0134

=6.34.

© 2018 The College Board.
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Question 6 (continued)

Part (f)

Suppose the true mean D is 0.10. Then the observed value of D =0.185 is 6.34 standard errors from
the mean D. Using Chebyshev’s inequality, the probability of observing a value of D within 6.34 standard

1
errors of the mean of 0.10 is at least 1— PEYE =0.975. So the probability of observing a value as far from

0.10 as the one observed, or farther, is at most 0.025 if the true mean really is 0.10. Therefore, the p-value
for this test is at most 0.025, which is less than 0.05, so the null hypothesis can be rejected. There is

sufficient statistical evidence at the 0.05 level to conclude that the average proportion for all products that
are defective is greater than 0.10.

Scoring

This question is scored in three sections. Section 1 consists of parts (a), (b) and (c), section 2 consists of part
(d), and section 3 consists of parts (e) and (f). Each section is scored as essentially correct (E), partially correct
(P), or incorrect (I).

Section 1 is scored as follows:

Essentially correct (E) if the response includes the following four components:
1. In part (a), states that it is reasonable to assume the condition is met AND provides appropriate
justification by comparing the number of defectives and non-defectives to a reasonable number.

2. Inpart (b), calculates p, correctly, either separately or in the process of showing the computation
for its standard error.
3. In part (b), gives the correct formula for the standard error of p,.

4. In part (c), states the correct number of standard errors p, is from 0.10.

Partially correct (P) if the response includes only two or three of the four components.
Incorrect (I) if the response includes at most one of the four components.

Notes
e In component 1, it is acceptable to check the sample size condition using 400x 0.1 =40 instead
of the observed value of 44, because the sampling distribution refers to all possible samples.
e In component 4, transcription errors should not penalize a response if there is no ambiguity in how
0.11-0.10 0.1

0.0156  0.0156

the error occurred. For instance, =6.41 is an acceptable transcription error.

© 2018 The College Board.
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Question 6 (continued)

Section 2 is scored as follows:

Essentially correct (E) if the response includes the following four components in part (d):

1.

2.
3.

Correctly calculates f)Y either separately or in the process of showing the computation of D.

Correctly calculates D.
Gives the correct formula for the standard error of an average of two independent random
variables.

Correctly computes the standard error of D OR if an incorrect but reasonable formula is given
for the standard error, plugs the correct values into that formula. For instance, an incorrect

but reasonable formula might use the standard errors rather than the squared standard errors
of the estimated proportions.

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

Incorrect if the response includes at most one of the four components.

Section 3 is scored as follows:

Essentially correct (E) if the response includes the following four components:

1.
2.
3.

4.

In part (e), correctly calculates W using the values from part (d).

In part (f), recognizes that Chebyshev’s inequality should be used by substituting W for k.

In part (f), applies reasonable logic to make a conclusion based on using Wand Chebyshev’s
inequality.

In part (f), makes a conclusion including linkage and context, consistent with the logic given
in component 3.

Partially correct if the response includes only two or three of the four components.

Incorrect if the response includes at most one of the four components.

© 2018 The College Board.
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Question 6 (continued)

Complete Response

Three sections essentially correct
Substantial Response

Two sections essentially correct and one section partially correct
Developing Response

Two sections essentially correct and no sections partially correct
OR

One section essentially correct and one or two sections partially correct
OR

Three sections partially correct
Minimal Response

One section essentially correct

OR
No sections essentially correct and two sections partially correct

© 2018 The College Board.
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Scoring Worksheet

The following provides a scoring worksheet and conversion table
used for calculating a composite score of the exam.



2018 AP Statistics Scoring Worksheet

Section I: Multiple Choice

x 1.2500 =
Number Correct Weighted Section I Score
(out of 40) (Do not round)

Section II: Free Response

Questionl1 = x18750=_
(out of 4) (Do not round)
Question2 = x18750=_
(out of 4) (Do not round)
Question3 = x187550=_
(out of 4) (Do not round)
Question4 = x18750=_
(out of 4) (Do not round)
Questions = x18750=_
(out of 4) (Do not round)
Question6 === x31250=_
(out of 4) (Do not round)
Sum=___
Weighted
Section II
Score
(Do not round)
Composite Score
+ —
Weighted Weighted Composite Score
Section I Score Section II Score (Round to nearest

whole number)

AP Score Conversion Chart
Statistics
Composite
Score Range AP Score
61-100 5
49-60
37-48
29-36
0-28

N WD




Question Descriptors and Performance Data

The following contains tables showing the content assessed,
the correct answer, and how AP students performed on each question.
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Question Descriptors and Performance Data

Multiple-Choice Questions

Question Topic Key % Correct
1 Exploring Data D 35
2 Exploring Data E 30
3 Exploring Data D 70
4 Sampling and Experimentation D 76
5 Probability and Simulation E 8
6 Statistical Inference B 60
7 Exploring Data C 39
8 Statistical Inference E 20
9 Probability and Simulation C 28
10 Probability and Simulation E 30
11 Exploring Data C 85
12 Exploring Data C 85
13 Exploring Data C 80
14 Sampling and Experimentation A 58
15 Exploring Data D 55
16 Sampling and Experimentation B 89
17 Statistical Inference A 24
18 Exploring Data B 51
19 Probability and Simulation A 53
20 Statistical Inference C 61
21 Probability and Simulation E 51
22 Sampling and Experimentation D 92
23 Statistical Inference D 51
24 Exploring Data A 39
25 Probability and Simulation C 65
26 Statistical Inference B 56
27 Probability and Simulation A 40
28 Sampling and Experimentation C 29
29 Statistical Inference E 52
30 Probability and Simulation D 36
31 Statistical Inference A 75
32 Statistical Inference E 23
33 Statistical Inference E 38
34 Statistical Inference D 58
35 Probability and Simulation A 40
36 Statistical Inference B 68
37 Probability and Simulation B 31
38 Statistical Inference B 38
39 Statistical Inference B 48
40 Statistical Inference B 26




AP Statistics

The College Board

The College Board is a mission-driven not-for-profit organization that connects students to college

success and opportunity. Founded in 1900, the College Board was created to expand access to

higher education. Today, the membership association is made up of over 6,000 of the world’s leading
educational institutions and is dedicated to promoting excellence and equity in education. Each year,

the College Board helps more than seven million students prepare for a successful transition to college
through programs and services in college readiness and college success — including the SAT® and

the Advanced Placement Program®. The organization also serves the education community through
research and advocacy on behalf of students, educators, and schools. The College Board is committed

to the principles of excellence and equity, and that commitment is embodied in all of its programs, services,
activities, and concerns.



202 ]. AP 6 CollegeBoard

AP Statistics

Free-Response Questions

© 2021 College Board. College Board, Advanced Placement, AP, AP Central, and the acorn logo are registered
trademarks of College Board. Visit College Board on the web: collegeboard.org.

AP Central is the official online home for the AP Program: apcentral.collegeboard.org.


https://apcentral.collegeboard.org
https://collegeboard.org

IL.

IIL.

Formulas for AP Statistics

Descriptive Statistics

- 1 _Zx,' _ 1 —\2 _ Z(xi_f)z
XN 5o = S ) = (FR

n

y=a+bx y=a+bx

X -y s
M Z(x’ xj 2i =Y bh=r2
n—1 Sy Sy Sy

Probability and Distributions

P(AUB)=P(A)+ P(B)—P(An B) P(A4|B) =P(;‘(—2)3)

Probability Distribution Mean Standard Deviation

Discrete random variable, X py = E(X)=XxP(x,) o, = \/Z(xl_ — 1y )2 P(x))

If X has a binomial distribution
with parameters # and p, then: N Oy =ANp (1-p)

Pex=x)=("]pa-py

where x =0,1,2,3,....,n

If X has a geometric distribution |
with parameter p, then: = o =
X

P(X =x)=(1-p)"'p

where x =1,2,3, ...

Sampling Distributions and Inferential Statistics

statistic — parameter
standard error of the statistic

Standardized test statistic:

Confidence interval: statistic £ (critical value)(standard error of statistic)

rved — expected)’
expected

b
Chi-square statistic: y* = Z Lo




II1. Sampling Distributions and Inferential Statistics (continued)

Sampling distributions for proportions:

Random Parameters of Standard Error”
Variable Sampling Distribution of Sample Statistic
For one . .
population: Uy =P P /P(l_P) 6. — p(1-p)
ot P n p n
P
Poputatios: , o [P0=R) (5)
S P R A _ p(l-p) + py(1=py) | “ii-iy n n,
pl - p2 2 1317132 nl

When p, = p, is assumed:

A A 1 1
Sﬁl‘f’z N \/pc (1 B p")(n_ - n_]

where p_ =

Sampling distributions for means:

Random . e Standard Error’
Variable Parameters of Sampling Distribution of Sample Statistic
For one
. o s
population: Mg =H o_ =~ s =3
= n Vn
X
For two
opulations: s o =
p)_(pli)? Hg-x, ~H~H o .
1 2 ) X-X
Sampling distributions for simple linear regression:
Random . e Standard Error’
Variable Parameters of Sampling Distribution of Sample Statistic
s
s, = o
For slope: o =—9_. SV =
b b O'X\/; (y _ ),} )2
Hy =B > where s = L
Z( X — g) n-2
where o = L 2
o n Z(xA - )?)
and s = !
x n—1

*Standard deviation is a measurement of variability from the theoretical population. Standard error is the estimate of the standard deviation. If the
standard deviation of the statistic is assumed to be known, then the standard deviation should be used instead of the standard error.
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Begin your response to QUESTION 1 on this page.

STATISTICS
SECTION I1I
Total Time—1 hour and 30 minutes

6 Questions

Part A
Questions 1-5
Spend about 1 hour and S minutes on this part of the exam.

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

1. The length of stay in a hospital after receiving a particular treatment is of interest to the patient, the hospital, and
insurance providers. Of particular interest are unusually short or long lengths of stay. A random sample of
50 patients who received the treatment was selected, and the length of stay, in number of days, was recorded for
each patient. The results are summarized in the following table and are shown in the dotplot.

Length of stay (days) 5 6 7 8 9 12 21
Number of patients 4 13 14 11 6 1 1
[ ]
o o
o O
e o o
e o o
e o o
o o o
e o o
e o o o
e & o o
e 6 o o o
e 6 o o o
e 6 o o o
e 6 o o o [} [ ]
5 7 9 11 13 15 17 19 21

Length of Stay (days)

(a) Determine the five-number summary of the distribution of length of stay.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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Continue your response to QUESTION 1 on this page.

(b) Consider two rules for identifying outliers, method A and method B. Let method A represent the
1.5 X IQR rule, and let method B represent the 2 standard deviations rule.

(i) Using method A, determine any data points that are potential outliers in the distribution of length of
stay. Justify your answer.

(i1) The mean length of stay for the sample is 7.42 days with a standard deviation of 2.37 days. Using
method B, determine any data points that are potential outliers in the distribution of length of stay. Justify
your answer.

(c) Explain why method A might identify more data points as potential outliers than method B for a
distribution that is strongly skewed to the right.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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Begin your response to QUESTION 2 on this page.

2. Researchers will conduct a year-long investigation of walking and cholesterol levels in adults. They will
select a random sample of 100 adults from the target population to participate as subjects in the study.

(a) One aspect of the study is to record the number of miles each subject walks per day. The researchers
are deciding whether to have subjects wear an activity tracker to record the data or to have subjects keep

a daily journal of the miles they walk each day. Describe what bias could be introduced by keeping the
daily journal instead of wearing the activity tracker.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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Continue your response to QUESTION 2 on this page.

During the course of the study, the subjects will have their cholesterol levels measured each month by a
doctor. The researchers will perform a significance test at the end of the study to determine whether the
average cholesterol level for subjects who walk fewer miles each day is greater than for those who walk
more miles each day.

(b) Selecting a random sample creates a reasonable representative sample of the target population.
Explain the benefit of using a representative sample from the population.

(c) Suppose the researchers conduct the test and find a statistically significant result. Would it be valid to
claim that increased walking causes a decrease in average cholesterol levels for adults in the target
population? Explain your reasoning.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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Begin your response to QUESTION 3 on this page.

To increase morale among employees, a company began a program in which one employee is randomly
selected each week to receive a gift card. Each of the company’s 200 employees is equally likely to be

selected each week, and the same employee could be selected more than once. Each week’s selection is
independent from every other week.

(a) Consider the probability that a particular employee receives at least one gift card in a 52-week year.

(i) Define the random variable of interest and state how the random variable is distributed.

(i1) Determine the probability that a particular employee receives at least one gift card in a 52-week year.
Show your work.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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Continue your response to QUESTION 3 on this page.

(b) Calculate and interpret the expected value for the number of gift cards a particular employee will
receive in a 52-week year. Show your work.

(c) Suppose that Agatha, an employee at the company, never receives a gift card for an entire 52-week
year. Based on her experience, does Agatha have a strong argument that the selection process was not
truly random? Explain your answer.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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Begin your response to QUESTION 4 on this page.

4. The manager of a large company that sells pet supplies online wants to increase sales by encouraging repeat
purchases. The manager believes that if past customers are offered $10 off their next purchase, more than
40 percent of them will place an order. To investigate the belief, 90 customers who placed an order in the past
year are selected at random. Each of the selected customers is sent an e-mail with a coupon for $10 off the
next purchase if the order is placed within 30 days. Of those who receive the coupon, 38 place an order.

(a) Is there convincing statistical evidence, at the significance level of @ = 0.05, that the manager’s
belief is correct? Complete the appropriate inference procedure to support your answer.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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Continue your response to QUESTION 4 on this page.

(b) Based on your conclusion from part (a), which of the two errors, Type I or Type II, could have been
made? Interpret the consequence of the error in context.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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Begin your response to QUESTION 5 on this page.

5. A research center conducted a national survey about teenage behavior. Teens were asked whether they had

consumed a soft drink in the past week. The following table shows the counts for three independent random
samples from major cities.

Baltimore Detroit San Diego Total
Yes 727 1,232 1,482 3,441
No 177 431 798 1,406
Total 904 1,663 2,280 4,847

(a) Suppose one teen is randomly selected from each city’s sample. A researcher claims that the
likelihood of selecting a teen from Baltimore who consumed a soft drink in the past week is less than the
likelihood of selecting a teen from either one of the other cities who consumed a soft drink in the past

week because Baltimore has the least number of teens who consumed a soft drink. Is the researcher’s
claim correct? Explain your answer.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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Continue your response to QUESTION 5 on this page.

(b) Consider the values in the table.

(1) Construct a segmented bar chart of relative frequencies based on the information in the table.

Baltimore

Detroit

San Diego

0 0.1 02 03 04 05 06 07 08 09 1.0
Relative Frequency of Response

(i1) Which city had the smallest proportion of teens who consumed a soft drink in the previous week?
Determine the value of the proportion.

(c) Consider the inference procedure that is appropriate for investigating whether there is a difference
among the three cities in the proportion of all teens who consumed a soft drink in the past week.

(i) Identify the appropriate inference procedure.

(i1) Identify the hypotheses of the test.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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Begin your response to QUESTION 6 on this page.
Part B
Question 6
Spend about 25 minutes on this part of the exam.

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. Attendance at games for a certain baseball team is being investigated by the team owner. The following
boxplots summarize the attendance, measured as average number of attendees per game, for 47 years of the
team’s existence. The boxplots include the 30 years of games played in the old stadium and the 17 years
played in the new stadium.

28t
26+
241
221
20+
18+
161 H
14

12+

10+
Old Stadium New Stadium

Average Attendance (thousands)

(a) Compare the distributions of average attendance between the old and new stadiums.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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Continue your response to QUESTION 6 on this page.

The following scatterplot shows average attendance versus year.

Average Attendance (thousands)

28 |
26 1
241
224
20 4
181
164
144
124
104

o Old Stadium
o New Stadium

1970

1990 2000

Year

1980

2010 2020

(b) Compare the trends in average attendance over time between the old and new stadium.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.

Visit College Board on the web: collegeboard.org.
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Continue your response to QUESTION 6 on this page.

(c) Consider the following scatterplots.

Graph |

28T
26 ¢ %
244 .

221 °

20¢ .

181
164 o 0
141e3
124
10+

Average Attendance (thousands)
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Number of Games Won

(i) Graph I shows the average attendance versus number of games won for each year. Describe the

relationship between the variables.

(i) Graph II shows the same information as Graph I, but also indicates the old and new stadiums. Does
Graph II suggest that the rate at which attendance changes as number of games won increases is
different in the new stadium compared to the old stadium? Explain your reasoning.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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Continue your response to QUESTION 6 on this page.

(d) Consider the three variables: number of games won, year, and stadium. Based on the graphs, explain
how one of those variables could be a confounding variable in the relationship between average
attendance and the other variables.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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STOP

END OF EXAM

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

© 2021 College Board.
Visit College Board on the web: collegeboard.org.
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Table entry for z is the
probability lying below z.

Probability

Table A Standard normal probabilities

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
-34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
-3.2 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
-2.9 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
-2.7 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
=25 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
-2.4 .0082 .0080 .0078 0075 .0073 0071 .0069 .0068 .0066 .0064
-23 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
=22 .0139 .0136 .0132 .0129 .0125 .0122 .0119 .0116 .0113 .0110
-2.1 .0179 .0174 .0170 0166 .0162 0158 .0154 .0150 .0146 .0143
-2.0 .0228 .0222 .0217 0212 .0207 .0202 .0197 .0192 .0188 .0183
-19 .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
-1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
-1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367
-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
-15 .0668 .0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .0559
-1.4 .0808 .0793 0778 0764 .0749 0735 .0721 .0708 .0694 .0681
-13 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
-1.2 1151 1131 1112 .1093 1075 .1056 1038 .1020 .1003 .0985
-1.1 1357 1335 1314 1292 1271 1251 1230 1210 .1190 1170
-1.0 1587 1562 1539 1515 .1492 .1469 .1446 .1423 .1401 1379
-0.9 1841 1814 .1788 1762 1736 1711 .1685 .1660 .1635 1611
-0.8 2119 .2090 .2061 2033 .2005 1977 .1949 1922 .1894 1867
-0.7 .2420 .2389 .2358 2327 .2296 .2266 2236 .2206 2177 2148
-0.6 2743 .2709 2676 2643 2611 2578 .2546 2514 .2483 2451
-0.5 .3085 .3050 3015 2981 .2946 2912 2877 .2843 2810 2776
-0.4 .3446 .3409 3372 3336 .3300 3264 3228 3192 3156 3121
-0.3 3821 3783 3745 .3707 .3669 3632 3594 3557 .3520 .3483
-0.2 4207 4168 4129 .4090 4052 4013 3974 .3936 .3897 .3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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Probability
Table entry for z is the
probability lying below z.
Table A (Continued)

b4 .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 5160 5199 5239 .5279 5319 5359
0.1 .5398 5438 .5478 5517 5557 .5596 5636 5675 5714 5753
0.2 .5793 .5832 .5871 5910 .5948 .5987 .6026 .6064 6103 6141
0.3 .6179 6217 .6255 .6293 .6331 .6368 .6406 .6443 6480  .6517
0.4 .6554 .6591 .6628 .6664 .6700 .6736 6772 .6808 .6844 6879
0.5 .6915 .6950 .6985 7019 7054 7088 7123 7157 7190 7224
0.6 7257 7291 7324 1357 7389 7422 7454 7486 7517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 7939 71967 7995 .8023 .8051 .8078 .8106  .8133
0.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365  .8389
1.0 .8413 .8438 .8461 .8485 .8508 8531 .8554 .8577 .8599 8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 8810  .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 .9066 .9082 9099 9115 9131 9147 9162 9177
1.4 9192 .9207 .9222 .9236 9251 .9265 9279 .9292 9306  .9319
1.5 .9332 9345 9357 .9370 .9382 .9394 .9406 9418 9429 9441
1.6 .9452 .9463 9474 .9484 .9495 .9505 9515 .9525 9535 9545
1.7 .9554 9564 9573 .9582 9591 .9599 .9608 9616 9625 9633
1.8 9641 .9649 .9656 .9664 9671 9678 .9686 .9693 9699 9706
1.9 9713 9719 9726 9732 .9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 9793 9798 .9803 .9808 9812 9817
2.1 9821 .9826 .9830 9834 9838 .9842 9846 .9850 9854 9857
22 9861 9864 .9868 9871 9875 9878 9881 .9884 9887 9890
23 .9893 .9896 .9898 .9901 .9904 .9906 9909 9911 9913 9916
2.4 9918 .9920 .9922 .9925 9927 .9929 9931 .9932 9934 9936
25 .9938 .9940 9941 .9943 .9945 .9946 .9948 .9949 9951 .9952
2.6 .9953 9955 .9956 9957 .9959 .9960 .9961 .9962 9963  .9964
2.7 .9965 .9966 .9967 .9968 .9969 9970 9971 .9972 9973 9974
2.8 .9974 9975 .9976 9977 9977 9978 9979 9979 9980  .9981
29 9981 .9982 .9982 .9983 .9984 .9984 .9985 .9985 9986  .9986
3.0 .9987 9987 .9987 .9988 9988 9989 .9989 9989 29990 9990
3.1 .9990 9991 9991 9991 9992 .9992 9992 .9992 9993 9993
32 .9993 .9993 9994 .9994 9994 .9994 9994 .9995 9995 9995
33 .9995 .9995 .9995 .9996 9996 .9996 9996 .9996 9996 9997
34 .9997 9997 .9997 .9997 9997 .9997 9997 .9997 9997 9998

© 2021 College Board.

Visit College Board on the web: collegeboard.org.

20




AP® Statistics 2021 Free-Response Questions

Table entry for p and

C is the point ¥ with Probabi]ity p
probability p lying
above it and
probability C lying
between —¢* and r*.
t*
Table B ¢ distribution critical values
Tail probability p
df 25 .20 15 .10 .05 .025 .02 .01 .005 .0025 .001 .0005
1 1.000 1.376 1.963 3.078 6.314 12.71 15.89 31.82 63.66 127.3 318.3 636.6
2 816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 22.33 31.60
3 765 978 1.250 1.638 2.353 3.182 3.482 4.541 5.841 7.453 10.21 12.92
4 741 941 1.190 1.533 2.132 2.776 2.999 3.747 4.604 5.598 7.173 8.610
5 727 920 1.156 1.476 2.015 2.571 2.757 3.365 4.032 4.773 5.893 6.869
6 718 .906 1.134 1.440 1.943 2.447 2.612 3.143 3.707 4.317 5.208 5.959
7 11 .896 1.119 1.415 1.895 2.365 2.517 2.998 3.499 4.029 4.785 5.408
8 .706 .889 1.108 1.397 1.860 2.306 2.449 2.896 3.355 3.833 4.501 5.041
9 703 .883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781
10 .700 .879 1.093 1.372 1.812 2.228 2.359 2.764 3.169 3.581 4.144 4.587
11 .697 .876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4.437
12 .695 .873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3.930 4318
13 .694 .870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3.372 3.852 4.221
14 .692 .868 1.076 1.345 1.761 2.145 2.264 2.624 2977 3.326 3.787 4.140
15 .691 .866 1.074 1.341 1.753 2.131 2.249 2.602 2.947 3.286 3.733 4.073
16 .690 .865 1.071 1.337 1.746 2.120 2.235 2.583 2.921 3.252 3.686 4.015
17 .689 .863 1.069 1.333 1.740 2.110 2.224 2.567 2.898 3.222 3.646 3.965
18 .688 .862 1.067 1.330 1.734 2.101 2.214 2.552 2.878 3.197 3.611 3.922
19 .688 .861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883
20 .687 .860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850
21 .686 .859 1.063 1.323 1.721 2.080 2.189 2.518 2.831 3.135 3.527 3.819
22 .686 .858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792
23 .685 .858 1.060 1.319 1.714 2.069 2.177 2.500 2.807 3.104 3.485 3.768
24 .685 .857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745
25 .684 .856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725
26 .684 .856 1.058 1.315 1.706 2.056 2.162 2.479 2.779 3.067 3.435 3.707
27 .684 .855 1.057 1.314 1.703 2.052 2.158 2473 2.771 3.057 3421 3.690
28 .683 .855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674
29 .683 .854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.396 3.659
30 .683 .854 1.055 1.310 1.697 2.042 2.147 2.457 2.750 3.030 3.385 3.646
40 .681 851 1.050 1.303 1.684 2.021 2.123 2.423 2.704 2971 3.307 3.551
50 .679 .849 1.047 1.299 1.676 2.009 2.109 2.403 2.678 2.937 3.261 3.496
60 .679 .848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2915 3.232 3.460
80 .678 .846 1.043 1.292 1.664 1.990 2.088 2.374 2.639 2.887 3.195 3.416
100 677 .845 1.042 1.290 1.660 1.984 2.081 2.364 2.626 2.871 3.174 3.390
1000 .675 .842 1.037 1.282 1.646 1.962 2.056 2.330 2.581 2.813 3.098 3.300
o0 .674 841 1.036 1.282 1.645 1.960 2.054 2.326 2.576 2.807 3.091 3.291
50% 60% 70% 80% 90% 95% 96% 98% 99% 99.5% 99.8% 99.9%

Confidence level C
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Probability p
Table entry for p is the point
(x?) with probability p lying
above it.
T
(x*)
Table C 42 critical values
Tail probability p
df 25 .20 A5 .10 .05 .025 .02 .01 .005 .0025  .001 .0005
1 1.32 1.64 2.07 2.71 3.84 5.02 5.41 6.63 7.88 9.14  10.83 12.12
2 2.77 3.22 3.79 4.61 5.99 7.38 7.82 9.21 10.60 11.98 13.82 15.20
3 4.11 4.64 5.32 6.25 7.81 9.35 9.84 11.34 12.84 1432 16.27 17.73
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 16.42 18.47 20.00
5 6.63 7.29 8.12 9.24 11.07 12.83 13.39 15.09 16.75 18.39  20.51 22.11
6 7.84 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.55 20.25 22.46 24.10
7 9.04 9.80 10.75 12.02 14.07 16.01 16.62 18.48 20.28 22.04 2432 26.02
8 10.22 11.03 12.03 13.36 15.51 17.53 18.17 20.09 21.95 23.77 26.12 27.87
9 11.39 12.24 13.29 14.68 16.92 19.02 19.68 21.67 23.59 2546  27.88 29.67
10 12.55 13.44 14.53 15.99 18.31 20.48 21.16 23.21 25.19 27.11 29.59 31.42
11 13.70 14.63 15.77 17.28 19.68 21.92 22.62 24.72 26.76 28.73 31.26 33.14
12 14.85 15.81 16.99 18.55 21.03 23.34 24.05 26.22 28.30 30.32 3291 34.82
13 15.98 16.98 18.20 19.81 22.36 24.74 25.47 27.69 29.82 31.88 34.53 36.48
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 29.14 31.32 33.43 36.12 38.11
15 18.25 19.31 20.60 22.31 25.00 27.49 28.26 30.58 32.80 34.95 37.70 39.72
16 19.37 20.47 21.79 23.54 26.30 28.85 29.63 32.00 34.27 36.46  39.25 41.31
17 20.49 21.61 22.98 24.77 27.59 30.19 31.00 33.41 35.72 37.95 40.79 42.88
18 21.60 22.76 24.16 25.99 28.87 31.53 32.35 34.81 37.16 3942 4231 44.43
19 22.72 23.90 25.33 27.20 30.14 32.85 33.69 36.19 38.58 40.88 43.82 45.97
20 23.83 25.04 26.50 28.41 31.41 34.17 35.02 37.57 40.00 4234 4531 47.50
21 24.93 26.17 27.66 29.62 32.67 35.48 36.34 38.93 41.40 43.78 46.80 49.01
22 26.04 27.30 28.82 30.81 33.92 36.78 37.66 40.29 42.80 4520  48.27 50.51
23 27.14 28.43 29.98 32.01 35.17 38.08 38.97 41.64 44.18 46.62 49.73 52.00
24 28.24 29.55 31.13 33.20 36.42 39.36 40.27 42.98 45.56 48.03  51.18 53.48
25 29.34 30.68 32.28 34.38 37.65 40.65 41.57 4431 46.93 49.44 52.62 54.95
26 30.43 31.79 33.43 35.56 38.89 41.92 42.86 45.64 48.29 50.83 54.05 56.41
27 31.53 3291 34.57 36.74 40.11 43.19 44.14 46.96 49.64 5222 5548 57.86
28 32.62 34.03 35.71 37.92 41.34 44.46 45.42 48.28 50.99 53.59 56.89 59.30
29 33.71 35.14 36.85 39.09 42.56 45.72 46.69 49.59 52.34 5497  58.30 60.73
30 34.80 36.25 37.99 40.26 43.77 46.98 47.96 50.89 53.67 56.33  59.70 62.16
40 45.62 47.27 49.24 51.81 55.76 59.34 60.44 63.69 66.77 69.70 73.40 76.09
50 56.33 58.16 60.35 63.17 67.50 71.42 72.61 76.15 79.49 82.66 86.66 89.56
60 66.98 68.97 71.34 74.40 79.08 83.30 84.58 88.38 91.95 9534  99.61 102.7
80 88.13 90.41 93.11 96.58 101.9 106.6 108.1 112.3 116.3 120.1 124.8 128.3
100 109.1 111.7 114.7 118.5 124.3 129.6 131.1 135.8 140.2 144.3 149.4 153.2
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