STAT 515 fa 2023 Exam II

Karl Gregory

Do not open this exam until told to do so.

You may have one handwritten sheet of notes out during the exam.

You have 75 minutes to work on this exam.

You may NOT use any kind of calculator.

If you are unsure of what a question is asking for, do not hesitate to ask me for clarification.

Good luck, and may the odds be ever in your favor!
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A z-table and a t-table are appended to this exam.



1. The length and diameter of each acorn in a sample of 32 live oak acorns was measured (in this class!!).
Suppose the ratio of the length to the diameter is of interest. The 32 length-to-diameter ratios in the
sample had mean X,, = 1.74 and standard deviation S,, = 0.138. The figure below shows a histogram
and a normal QQ plot of the length-to-diameter ratios.
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a) Explain the purpose of the normal QQ plot and give your interpretation of this one.
g

(b) A 95% confidence interval for the mean length-to-diameter ratio of live oak acorns is constructed
with an formula like this:
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(c) Of the three intervals (1.69,1.79), (1.70,1.78), and (1.67,1.81), one is the 90% confidence interval,
one is the 95% confidence interval, and one is the 99% confidence interval based on these data for
the mean length-to-diameter ratio of live oak acorns. Which interval is the 90% confidence interval?

(d) Suppose one wished to test whether the mean length-to-diameter ratio of live oak acorns was the
golden ratio 1.618. Give the hypotheses of interest, using p to denote the mean length-to-diameter
ratio of the live oak acorn population.

(e) The test statistic for testing the hypothesis is computed with a formula like this:

o _ (=G
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Give the numbers to plug in for (), (i7), (dii), and (iv).

(f) The test statistic value is Tiesy = 5.011806. Give your conclusion about the golden ratio hypothesis
using significance level a = 0.01.
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2. In a survey of 38 students (in this class!!), 11 reported that they had a houseplant. Let’s regard the 38
students as a random sample of USC students.

(a) The Wald-type 95% confidence interval for the proportion of USC students with a houseplant is
constructed with a formula like this:

Give the numbers to plug in for (i), (i7), (i), and (iv).

(b) For the Agresti-Coull interval (which has much better performance), we add two “successes” and
two “failures” to the data set and recompute the Wald-type interval. Give the numbers (7), (7i),
(44i), and (iv) such that

() (i) o

gives the Agresti-Coull interval for the proportion of USC students with a houseplant.

(¢) The 95% Agresti-Coull interval is (0.170,0.450). Give an interpretation of this interval.
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(d) Suppose you wish to more accurately estimate the proportion of USC students with houseplants.
Specifically, suppose you wish to estimate it within 1 percentage point with 99% confidence. Give
an expression for the sample size required (you do not have to simplify your expression).

(e) The required sample size from part (d), if we use the survey data to make a guess at the population
proportion, comes out to n = 13,647, which you decide is too large. How can you change your
specifications in part (d) to make the required sample size smaller?

(f) Suppose your botany professor claims that no more than 10% of USC students have houseplants.
Give the null and alternate hypotheses for testing his claim.

(g) For testing the hypotheses in part (f), suppose you compute

~

Pn — Do

Ztest =
po(1 —po)/n

= 2.407

using the survey data. Give the corresponding p-value.

(h) Give your conclusion about the claim of the botany professor in part (f). Use significance level
a = 0.05.
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3. Suppose the weights of bananas on sale at your grocery store have a Normal distribution with a mean
of 135 grams and a standard deviation of 15 grams.

(a) Give the probability that a randomly selected banana weighs between 120 and 150 grams.

(b) Give the probability that the mean of the weights of 9 randomly selected bananas falls between
120 and 150.

(c¢) Give an explanation for why there is a difference between the answers to parts (a) and (b).

4. Students taking a survey (in this class!!) were asked to weigh their keychains and record the weight in
grams. Thirty-five students weighed their keychains. The mean weight was 84.71 grams. Consider the
three sets of hypotheses:

(1) (2) (3)
Hy: p>70 Hy: =70 Hy: p <70
Hy: p <70 Hy: p# 70 Hy: p>70

When the survey data are used to test these sets of hypotheses, the tests result in the p-values below;
match each p-value to one of the hypotheses (1), (2), or (3).

(a) The p-value 0.0434.

(b) The p-value 0.9566.

(¢) The p-value 0.0868.
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Standard Normal probabilities:
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0.0000
0.0398
0.0793
0.1179
0.1554
0.1915
0.2257
0.2580
0.2881
0.3159
0.3413
0.3643
0.3849
0.4032
0.4192
0.4332
0.4452
0.4554
0.4641
0.4713
0.4772
0.4821
0.4861
0.4893
0.4918
0.4938
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0.4965
0.4974
0.4981
0.4987

0.0040
0.0438
0.0832
0.1217
0.1591
0.1950
0.2291
0.2611
0.2910
0.3186
0.3438
0.3665
0.3869
0.4049
0.4207
0.4345
0.4463
0.4564
0.4649
0.4719
0.4778
0.4826
0.4864
0.4896
0.4920
0.4940
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0.4966
0.4975
0.4982
0.4987

0.0080
0.0478
0.0871
0.1255
0.1628
0.1985
0.2324
0.2642
0.2939
0.3212
0.3461
0.3686
0.3888
0.4066
0.4222
0.4357
0.4474
0.4573
0.4656
0.4726
0.4783
0.4830
0.4868
0.4898
0.4922
0.4941
0.4956
0.4967
0.4976
0.4982
0.4987

0.0120
0.0517
0.0910
0.1293
0.1664
0.2019
0.2357
0.2673
0.2967
0.3238
0.3485
0.3708
0.3907
0.4082
0.4236
0.4370
0.4484
0.4582
0.4664
0.4732
0.4788
0.4834
0.4871
0.4901
0.4925
0.4943
0.4957
0.4968
0.4977
0.4983
0.4988

0.0160
0.0557
0.0948
0.1331
0.1700
0.2054
0.2389
0.2704
0.2995
0.3264
0.3508
0.3729
0.3925
0.4099
0.4251
0.4382
0.4495
0.4591
0.4671
0.4738
0.4793
0.4838
0.4875
0.4904
0.4927
0.4945
0.4959
0.4969
0.4977
0.4984
0.4988

0.0199
0.0596
0.0987
0.1368
0.1736
0.2088
0.2422
0.2734
0.3023
0.3289
0.3531
0.3749
0.3944
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0.4394
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0.4744
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0.4842
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0.4929
0.4946
0.4960
0.4970
0.4978
0.4984
0.4989

0.0239
0.0636
0.1026
0.1406
0.1772
0.2123
0.2454
0.2764
0.3051
0.3315
0.3554
0.3770
0.3962
0.4131
0.4279
0.4406
0.4515
0.4608
0.4686
0.4750
0.4803
0.4846
0.4881
0.4909
0.4931
0.4948
0.4961
0.4971
0.4979
0.4985
0.4989

0.0279
0.0675
0.1064
0.1443
0.1808
0.2157
0.2486
0.2794
0.3078
0.3340
0.3577
0.3790
0.3980
0.4147
0.4292
0.4418
0.4525
0.4616
0.4693
0.4756
0.4808
0.4850
0.4884
0.4911
0.4932
0.4949
0.4962
0.4972
0.4979
0.4985
0.4989

0.0319
0.0714
0.1103
0.1480
0.1844
0.2190
0.2517
0.2823
0.3106
0.3365
0.3599
0.3810
0.3997
0.4162
0.4306
0.4429
0.4535
0.4625
0.4699
0.4761
0.4812
0.4854
0.4887
0.4913
0.4934
0.4951
0.4963
0.4973
0.4980
0.4986
0.4990

0.0359
0.0753
0.1141
0.1517
0.1879
0.2224
0.2549
0.2852
0.3133
0.3389
0.3621
0.3830
0.4015
0.4177
0.4319
0.4441
0.4545
0.4633
0.4706
0.4767
0.4817
0.4857
0.4890
0.4916
0.4936
0.4952
0.4964
0.4974
0.4981
0.4986
0.4990




Upper tail probabilities of ¢-distributions
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v | 0.100  0.050 0.025 0.010 0.005 0.001 0.0005
113.0777 6.3138 12.7062 31.8205 63.6567 318.3088 636.6192
21 1.8856 29200 4.3027 6.9646 9.9248  22.3271  31.5991
3| 16377 23534 3.1824  4.5407  5.8409  10.2145  12.9240
41 1.5332 2.1318 2.7764  3.7469  4.6041 7.1732 8.6103
51 1.4759 2.0150 2.5706  3.3649  4.0321 5.8934 6.8688
6 | 1.4398 1.9432 24469  3.1427  3.7074 5.2076 5.9588
7114149 18946 2.3646  2.9980  3.4995 4.7853 5.4079
81 1.3968 1.8595 2.3060 2.8965  3.3554 4.5008 5.0413
9| 1.3830 1.8331 22622 2.8214  3.2498 4.2968 4.7809
10 | 1.3722 1.8125  2.2281  2.7638  3.1693 4.1437 4.5869
11 | 1.3634 1.7959  2.2010 2.7181  3.1058 4.0247 4.4370
12 | 1.3562 1.7823  2.1788  2.6810  3.0545 3.9296 4.3178
13 | 1.3502 1.7709  2.1604  2.6503  3.0123 3.8520 4.2208
14 | 1.3450 1.7613  2.1448  2.6245  2.9768 3.7874 4.1405
15 | 1.3406 1.7531  2.1314  2.6025  2.9467 3.7328 4.0728
16 | 1.3368 1.7459  2.1199  2.5835  2.9208 3.6862 4.0150
171 1.3334 1.7396  2.1098  2.5669  2.8982 3.6458 3.9651
18 | 1.3304 1.7341  2.1009  2.5524  2.8784 3.6105 3.9216
19 | 1.3277 1.7291  2.0930  2.5395  2.8609 3.5794 3.8834
20 | 1.3253 1.7247  2.0860  2.5280  2.8453 3.5518 3.8495
21 | 1.3232 1.7207  2.0796  2.5176  2.8314 3.5272 3.8193
22 | 1.3212 1.7171  2.0739  2.5083  2.8188 3.5050 3.7921
23 | 1.3195 1.7139  2.0687  2.4999  2.8073 3.4850 3.7676
24 | 1.3178 1.7109  2.0639  2.4922  2.7969 3.4668 3.7454
25 | 1.3163 1.7081  2.0595  2.4851  2.7874 3.4502 3.7251
26 | 1.3150 1.7056  2.0555  2.4786  2.7787 3.4350 3.7066
27 | 1.3137 1.7033  2.0518 24727  2.7707 3.4210 3.6896
28 | 1.3125 1.7011  2.0484  2.4671  2.7633 3.4082 3.6739
29 | 1.3114 1.6991  2.0452  2.4620 2.7564 3.3962 3.6594
30 | 1.3104 1.6973  2.0423 24573  2.7500 3.3852 3.6460
31 | 1.3095 1.6955  2.0395  2.4528  2.7440 3.3749 3.6335
32 | 1.3086 1.6939  2.0369  2.4487  2.7385 3.3653 3.6218
33 | 1.3077 1.6924  2.0345  2.4448  2.7333 3.3563 3.6109
34 | 1.3070 1.6909  2.0322  2.4411  2.7284 3.3479 3.6007
35 | 1.3062 1.6896  2.0301  2.4377  2.7238 3.3400 3.5911
40 | 1.3031 1.6839  2.0211  2.4233  2.7045 3.3069 3.5510
60 | 1.2958 1.6706  2.0003  2.3901  2.6603 3.2317 3.4602
120 | 1.2886 1.6577  1.9799 23578  2.6174 3.1595 3.3735
oo | 1.2816 1.6449  1.9600  2.3263  2.5758 3.0902 3.2905




