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® Unless otherwise stated, use a significance level of 5% and a confidence level of 95%

@ Show all work. You may receive partial credit for partially completed problems.

1. Consider a routine screening test for a disease. Suppose the frequency of the disease in the population (base
rate) 1s 0.5%. The test is highly accurate with a 5% false positive rate and a 10% false negative rate.

(a - 5 points) Draw the Veen diagram of the events in this problem.

(b - 5 points) Draw the tree diagram of the probabilities in this problem.

(c - 5 points) You take the test and it comes back positive. What is the probability that you have the disease?
(d - 5 points) What theorem do you use to calculate (c)? Briefly describe the theorem.

2. The data for this problem consists of pulse rate measurements on 68 males assigned at random to 6

different work tasks (Task). Here is a summary of the data in each group:

Task n mean sd

1 13 31.923 4,958
2 12 31.083 5.664
3 10 35.800 5.308
4 10 38.000 6.600
5 12 29.500 6.008
6 11 28.818 4.750

(a - 3 points) Do the standard deviations satisfy the rule of thumb for safe use of ANOVA?

(b - 3 points) Is this a balanced design (yes or no)?

(c - 5 points) How many dummy variables would be required to fit the ANOVA as a multiple regression?
Write out the dummy variables using an effect coding scheme.

(d- 5 points) Fill in the fTve pieces of missing information in the following ANOVA table.

Source Df Sum Sq Mean Sq F value

Task ‘ 694.44

Residuals 1916.08
(e - 4 points) Label the means for the different tasks pl, p2, ..., pub. State thé null and alternative hypotheses
for the ANOVA.

(f - 5 points) Report the conclusions of the test at the 5% level. (You will not find the necessary denominator
d.f. in the table attached, so use the nearest d.f. that is less than your denominator d.f.)
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1 3. The economic structure of Major League Baseball (MLB) allows some teams to make substantially more
money than others, which in turn allows some teams to spend much more on player salaries. These teams
might therefore be expected to have better players and win more games on the field as a result. Over the
course of the last 4 years (2012-2015), each of the 30 MLB teams were measured each year and the following
data were collected for these 120 observations.

wins: number of games the team won for a specific year

payroll: opening day payroll, in millions of dollars, for the team for a specific year
AL: a binary variable for whether the team is in the American League (AL)

(14 of the 30 teams are in the AL...the rest are in the National League (NL))

year: the year in which the measurement was t

| A regression model, Model 1, was run to predict the number of wins a team had from the In(payroll), and the
results in R are shown below, along with some summary statistics:

Coefficients:
Estimate Std. Error t value Pr(>t))
Intercept 44.076 11.654 3.782 0.000246
log(payroll) 7.963 2.505 3.179 0.001887

Residual standard error: 10.5649 on 118 degrees of freedom
Multiple R-squared: 0.07889, Adjusted R-squared: 0.07109
F-statistic: 10.11 on 1 and 118 DF, p-value: 0.001887
Mean of (log(mlb$payroll)) = 4.6371

| SD of (log(mlb$payroll)) = 0.386

(a - 3 points) What is the estimated correlation between wins and log(payroll)?

(b - 5 points) Interpret the slope coefficient in this model. Be specific.

(c - 5 points) Briefly describe the general meaning of a p-value.

(d - 5 points) Calculate ¥, the mean number of wins, and sy , the standard deviation for the number of wins
among the 120 observations.

(e - 5 points) The Red Sox are projected to spend about $180 million dollars on payroll in 2016 (next year).
Provide a 95% interval for the number of games they will win next year. (t value is 1.984)

(f- 8 points) Below are the residual graphs for this model. List out all of the assumptions for this regression
model, and comment on whether they are reasonable. Be specific.

(g - 4 points) Propose a different transformation on payroll to be used as a predictor. Provide 1-2 sentences of

justification for why this may be a better choice for a transformation.
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4. The followings are multiple choice problems. Please select the most appropriate answer and write down
your analytical steps to get full points if necessary. |
(1 - 4 points) Based on responses of 1467 respondents, a 95% confidence interval for the mean number of
traffic accidents equals (6.8, 8.0). Which of the following interpretations is correct?

(a)There will be 95% probability that 1 is between 6.8 and 8.0.

(b) Ninety-five percent of the values of X = number of accidents (for this sample) are between 6.8 and 8.0.

(c) If random samples of size 1467 were repeatedly selected, then 95% of the time X would be between 6.8
and 8.0.

(d) We can be 95% confident that u is between 6.8 and 8.0.

(2 - 4 points) Which of the following statement is Correct?

(a) A continuous random variable can assume any value in a single point.

(b) The probability density function of a real-valued random variable X is the probability that X will take a
value less than or equal to x. _

(c) A random variable is uniformly distributed whenever the probability is proportional to the interval’s
length. .

(d) The area under the graph of CDF and probability are identical.

(3 - 4 points) Which one of the following statements about the sample correlation coefficient, r, between two
variables X and Y is false? -

(a) A value of r close to 1 implies a causal relationship exists between X and Y.

(b) A value of r = 0 does not necessarily mean that X and Y are unrelated.

(c) A value of r = 0 indicates that no linear relationship exists between X and Y.

(d) A value of r = 1 indicates that a perfect positive linear relationship exists between X and Y.




w263 BT RRITA R 108 SRR I A A E S E
% FXEEERER |

FEME C gETE EHEHA 0224 iR 2
FAaH A LH |

(4 - 4points) Suppose we wish to test Hy : p =21 vs Hy:p < 21 . Which of the following possible sample
results gives the most evidence to support H,
(a) #=23, s=3

() #=19, s=4
(c) x=17, s=T7
) 7=18, s=6

(5 - 4 points) A chi-square test-involves a set of counts called “expected counts.” What are the expected
counts?

(a) Hypothetical counts that would occur of the alternative hypothesis were true.

(b) Hypothetical counts that would occur if the null hypothesis were true.

(c) The actual counts that did occur in the observed data.

(d)' The long-run counts that would be expected if the observed counts are representative.
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F distribution with vy, 1 df

vi=df for the numerator

vy 1 2 3 4 5 6 7 8 9 1o 12 15 20 24 30 40 60 120 oa
1 1614448 190,500 215707 224583 230,162  233.086  246.768  238.883 240543 241.882 243906 245550  248.013 240052 250,005 281,143 252,196  253.283 284314
2 18.513 19.000 10.164 19.247 19.206 19,330 18.353 19.371 19.385 19.396 19.413 19..129 19.446 19.454 19.462 19.471 19.479 19,487 19.496
3 10,1280  9.5521 9.2766 09,1172 9.0135 8.0406 B.886G7 8.8152 8.8123 B.7855 8.7446 8.7029 8.6602 8.6385 8.6166 8.5944 8.5720 8.5493 8.5265
4 7.7086 6.9443 6.5914 6.3882 8.2561 6.1631 6.0942 6.0410 5.0088 5.9644 5.9117 5.857 5.8025 5.7744 5.7459 37170 5.6877 5.6581 5.6281
5 6.6079 5.7861 5.4005 5.1922 5.0503 4.9303 4.8759 4.8183 L7725 4.7351 46777 4.6188 4.5581 4.5272 4.4957 4.4638 4.4314 4.898%5 4.3650
6 5.9874 £.1433 4.7571 4.5337 4.3874 4.2839 4.2067 4.1468 4.0990 4.0600 3.9999 3.9381 3.8742 3.8415 3.8082 3.7743 3.7398 17047 3.6689
7 5.5914 4.7374 4.3468 44,1203 3.0715 3.8660 3.7870 3.7257 3.6767 3.6365 3.5747 3.5107 34445 34108 33768 3.3404 3.3043 3.2674 3.2298
8 5.3177 44590 4.06062 3.8379 3.6875 3.5806 3.5000 3.4381 3.3881 3.3472 3.2839 3.2184 3.1503 31152 3.0794 30428 3.0053 2.9669 2.9276
9 ERSYE 4.2565 3.8625 3.6331 3.4817 3.3738 3.20927 3.2206 3.1789 3.1373 3.0729 3.0061 2.9305 2.5005 2.8637 2.8259 T8T2 2.7475 27067
10 4.9646 4.1028 3.7083 3.4780 3.3258 3.2172 3.1335 3.0717 3.0204 2.0782 2.9130 2.8450 2.7740 27372 2.6906 2.6609 26211 2.5801 2.5379
11 4.8443 3.9823 3.5874 3.35G7 3.2039 3.0046 3.0123 2.9480 2.8962 2.8536 2.7876 2.7186 2.6464 2.6080 2.5705 2.5309 2.4901 24180 2.4045
12 47472 3.8853 3.4903 3.2502 3.1059 2.9961 2.9134 2.8486 2.7964 2.7534 2.6566 2.6169 2.5436 2.5055 2.4663 2.4259 2.3842 2.3410 22062
13 46672 3.8056 3.4108 3.1791 3.0254 2.9153 2.8321 2.7669 27144 26710 2.6037 2.5331 24589 2.4202 2.3803 2.3392 2.2966 2.2524 2.2064
14 4.6001 4.7389 3.3439 3.1122 2.9582 28477 2.7642 2.6987 2.6458 2.6022 2.5342 2.4630 2.3879 2.3487 2.3082 2.2664 22229 21778 2.1307
15 4.5431 3.6823 3.2874 3.0556 2.9013 2.7905 2.7066 2.6408 2.5876 2.5437 2.4763 2.4034 2.8275 2.2878 2.2468 2,2043 2.1601 2.1141 2.0659
16 4.4940 3.6387 3.0069 2.8524 27413 2.6572 2.5011 2.5377 24935 24247 2.3522 2.2756 22354 2.1938 2.1807 21058 2.0589 2.0096
17 44513 3.5015 2.9647 2.8100 2.6987 2.6143 2.5480 24943 2.4499 2.3807 23077 2.2304 2.1898 21477 2.1040 2.0584 2.0107 1.8604
18 4.4139 3.5546 2.9277 27729 2.6613 2.3767 2.5102 2.4563 24117 2.3421 2.2680 2.1906 2.1497 2.1071 2.0629 2.0166 1.9681 1.9168
19 4.3807 3.5219 2.8051 2.7401 2.6283 2.5435 2.4768 24227 2.3779 2.3080 2.2341 2.1555 21141 20712 2.0264 1.9795 1.9302 1.8780
20 4.3512 3.4928 2.8661 2.7109 2.5990 2,5140 2.4471 2.3028 2.3479 2.2776 2.2033 21242 2.0825 2.0391 1.9938 1.9464 1.89G63 1.8432
21 4.3248 3.4668 3.0725 2.8401 2.6848 2.5727 24876 2.4205 2.3660 2.3210 2.2804 2.1757 2.0960 2.0840 2.0102 1.9645 1.9165 1.8657 1817
22 4.3009 34434 30491 2.8167 2.6613 2.5491 2.4638 2.3968 2.3419 2.2067 2.2288 2.1508 2.0707 2.0283 1.9842 1.9380 1.8804 1.8380 1.7831
23 4.2793 3.4221 3.0280 2.7955 2.6400 26277 24422 2.3748 2.3201 2.2747 2.2036 2.1282 2.0476 2.0050 1.9605 1.9139 1.8G48 1.8128 L7570
24 4.2507 3.4028 3.0088 2.7763 2.6207 2.5082 2.4226 2.3551 2.3002 22847 2.1834 21077 2.0267 1.9838 1.9300 1.8920 1.8424 1.7896 1.7331
25 L2417 3.3852 2.90912 27587 2.6030 2.4604 2.4047 2.3371 22821 2.2365 2.1649 2.0889 2.0075 1.9643 1.9192 1.8718 1.8217 1.7684 1.7110
26 .2252 3.3690  2.9752 2.7426 2.5868 24741 2.3883 2.3205 2.2655 22197 2.1479 2.0716 1.0898 1.9464 1.8010 1.8533 1.8027 1.7488 1.6906
a7 4.2100 3.3641 2.9604 27278 25719 2.4591 2.3732 2.3058 2.2501 2.2043 2.1328 2.0558 1.9736 1.9209 1.8842 1.8361 1.7851 1.7306 16717
28 4.1960 3.3404 2.0407 2.7141 2.5581 2.4453 2,3503 2.2013 2.2360 2.1900 21179 2.0411 1.9366 1.9147 1.8687 1.8203 17689 1.7138 1.6541
29 4.1830 3.3277 2.9340 2.7014 2.5454 24324 2.3463 2.2783 2.2229 2.1768 2.1045 2.0275 1.9446 1.9004 1.8543 1.8053 17637 1.6081 1.6377
30 4.1709 3.3158 29223 2.6896 2.5336 24205 2.3343 2.2662 2.2107 2.1646 2.0921 2.0148 19317 1.8874 1.8409 1.7918 1.7396 1.6835 1.6223
40 4.0847 3.2817 2.8487 2.6060 2.4403 2.3359 2.2400 2.1802 2.1240 2.0772 2.0035 1.9245 1.8389 1.7929 17444 1.6928 1.6373 1.5766 1.8089
GO 4.0012 3.1604 2.7581 2.5252 2.3683 2.2541 2.1665 2.0970 2.0401 1.9926 1.9174 1.8364 1.7480 1.7001 L6491 1.5943 1.5343 14673 1.3893
120 3.9201 3.0718 2.6802 2.4472 2.2899 2.1750 2.0868 2.0164 1.95688 1.9105 1.8337 1.7505 1.6587 1.6084 1.5543 1.4952 1.4290 13519 1.2539
oc 3.8415 2.9957 2.6049 2.3719 22141 2.0086 2.0096 1.9384 1.8799 1.8307 1.7522 1.6664 1.5705 1.5173 1.4591 1.3540 1.3180 1.2214 1.0033




