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1. [5 points] Researchers prospectively follow a group of 100 vegetarians and 200
non-vegetarians. Afier 30 years, 8 of the vegetarians develop heart disease and
20 of the non-vegetarians develop heart disease. The 95% confidence interval on
the relative risk of 0.8 extends from 0.6 to 0.9. The significance level « was set at
0.05. Please select the best statement:
(a) Vegetarians were 80% less likely to develop heart disease over 30 years vs.
the non-vegetarians.
(b} The relative risk of 0.8 is not statistically significant as the 95% confidence
interval contains the value 0.8.
{c) Vegetarians were 20% less likely to develop heart disease over 30 years vs.
non-vegetarians.
(d) The study had 95% power to detect a true difference of 20% or more.
(e) The researchers should have calculated an odds ratio rather than a relative
risk, .

2. [10 points] Let X, and X be independent normal random variables N(0,67).
Please find the joint probability distribution function of Y, and Y», where

X
i=X}+X; and Y= 1/\/_;
el

and show that Y; and Y are independent.

3. [35 points] Consider the simple linear regression with the random variables ¥,
Y, ..., ¥, satistying
Yi=fxi+e, i=1..n
where x;, ..., x, are fixed constants, and g;,..., &, are iid normal distribution
N(0,6%), 6° unknown.
(1) Find a sufficient statistic for (§, ¢*).
(2} Find the MLE of B, and show that it is an unbiased estimator.
(3) Find the distribution of the MLE of p.

(4) Show that [Z(}; / x,.)]/ n is also an unbiased estimator of f.

(5) Calculate the exact variance of the estimator in (4) and compare it to the
variance of the MLE of p.

4. [25 points] Dr. Wu is interested in knowing if medicine A is more effective than
medicine B in treating people with influenza. Twenty five subjects with influenza
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were recruited and treated with medicine A. In the mean time, another 25
matched patients (matched with age, sex, and severity of disease) were recruited
and treated with medicine B. The following table lists several descriptive
statistics for the observed recovery time (measured in days) collected from the 50
patients. The bottom row in the table displays the statistics for the difference in
recovery time per pair (25 matched pairs in total). That is, for the 25 matched
pairs, the average difference in recovery time is 0.4 days with a standard
deviation of 0.5.

Number Average Sample standard
recovery time deviation (SD)
Medicine A 25 3.2 1.0
Medicine B 25 2.9 1.0
Total 50 31 1.0
4 .Average ; SD for difference is
Pairs 25 difference is 0.5
0.4

(1) Suppose Dr. Wu wants to test if the effect of medicine A differs from that of
medicine B, what should be the null and alternative hypothesis?

(2) Plecase derive the test statistic for Dr. W

(3) Please conclude for Dr. Wu based on your test statistic.

(4) Do you need the normal assunption in the above statistical inference? If so,
where did you use it and why? If not, please explain.

[15 points] Dr. Chen conducted a survey to see if students are satisfied with the

newly reformed insurance policy. Among the 100 randomly selected female

students, 36 indicated satisfaction; while among the 100 randomly selected male

students, only 10 expressed satisfaction.

(1) Please estimate the difference in satisfaction percentage between male and
ferale students.

(2) Please provide a 95% confidence interval for the difference in population.

[10 points] Please state the definition of p-value and power, respectively.
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“r joon [ ool 00 [OoH3 jood (005 |[0ps (o067 jODR | DO9
3.4 | 00003 | 00003 | 0.0003 | 00003 | 00003 | Q0003 | 00083 .| 0.0003 | 0003 | D.O202
23 | ono0s ] Goons | 00005 | 00004 | 0.0004 | 0.0004 | 00004 | 0004 | 00004 | 00003
3.2 | oom0r | coooy | 00006 | 00004 | 0.0004 | 00006 | 00008 | O.O00S | 00005 | 00015
4.1 | oooip | 00009 | 00009 | 00009 | 00008 | G.0008 | 00003 | G.O008 [ GOODZ | 0.0007
a0 | oooa| oco1s | oo | nomz | onmsz2 | o001t | oot | o001t | 0oie | 0.0okd
29 | ooore | 0008 | 0.0058 [ 06317 | D.OOIG | OO0 | 00015 | 0015 § 00014 | ODE4
28 | 00026 | 00024 | 00024 | 05020 | 00023 | 0.0022 | GO02T | 60521 | GUOC20 | CO0IR
27 | oons ] oo03s | 00029 | 00032 | 00030 | D030 | 00019 | 00028 | DL02F | 0.6026
2.6 | Q0047 | 00045 | 00044 | G004 | D.0041 | 00040 [ 00080 | 00038 | 00037 | 0.00%
2.5 | 00082 | GooA0 | 0.0059 | 00057 | 0.0055 | 00054 | 0.0052 | 0851 | 00047 | 0.0048
24 | ootz | 00080 | 00078 | 00075 | D0OPS | 00371 | OO | DO0AE | GLCHE | 00064
4.3 | polor | 6004 | 00102 | DO0OT | 00006 | 0.0004 | 0009 | DOCBR | CO00H7 | 0.00BA
22 | 00139 | 00136 | 0.0132 | c0i2e | DOIZS | 00122 [ 00119 | 00114 | OOIT3 | OMRED
2.1 160179 | 0174 | 00120 | 0066 | 08142 | D.0IAB | D54 | IS0 | 00146 | 0.0143
20 | 00228 | 00222 | 00217 | 00N2 | BO207 | 00202 | 00197 | 00197 | 00188 | 0.0IE3
1.9 | 902871 00283 | 00274 | DOZSE | 0.0762 | 0.0255 | 0.0250 | 00244 | 00239 | 00233
-1 | 00359 | QO35 | 00344 | 00335 | 00529 [ 00322 | 004 | 00307 | 00301 | Do294
A7 | Gosds | 00436 | 00477 | 00438 | 00409 | 00407 | 0.0302 | D.03R4 | GDI75 | 00357
L& | 00548 | 00537 | 00526 | 0.0516 | 00505 | 00495 | 0405 | DOATS | D0465 | QDASS
L5 | Cotsa | QO6SE | 00543 | 0.0630 | 00618 | $.0506 | GOS0 | 00582 | GOEY) | 00559
-4 | 00808 | 00793 | 00778 | DO7A4 | 00729 | DOFAS | 0.0721 | D0708 | 00654 | DOGEE
-3 [ 0008 | DOSE | 00034 | QOB | 00001 | 0.0885 | D.ORSY | 00853 | G838 | 06823
32 | 0Fis | 000a1 | o2 | 009 ] 01005 | 63056 | 01038 | 0.0020 | ©.1003 | 0.0085
S| 1387 | ga3as | 00384 | G292 | 0377 | D251 ] 04230 | 0O210 | G190 | 00
40 | 01587 | Ose2 | 03530 | GISIS | 0.3492 | 01460 | 01444 | 01427 | 01408 | 01379
£9 |08 ] 0814 ] 0788 | 0462 | 01235 [ D111 | Q14B5 | ©.1660 | 01635 | 0.25611
0.8 | 0zti9| 02000 | 02061 | 0.2033 | 02005 | 07 | 0.1949 | 01922 | G164 | G.3857
07 | 02420 | 023689 } 02350 | 02327 | 02294 | 0.2265 | 0.2204 | 0.2206 | O.03/7 | 02148
06 | 02743 | 02709 | 02676 | 02443 | 02511 | 02578 | 0.2546 | 02514 | 0.2483 | D241
0.5 | 05085 | 03050 | 03015 | 02931 | 02045 | 02912 | 02877 | 02043 | 09810 | 0.2778
L4 | 03646 | 08409 [ 033972 | 035336 | 0.9500 | 03264 | 04228 | 0.3192 | 03154 ] 0.1
£.3 | 53821 | 0383 | DA745 | DI707 | 0.3629 | D.2632 1 0.3504 [ 0.3557 | 0.9520 | 0.3483
D2 | 047207 | 04158 | 041290 | 04060 | 0.4052 | 04013 | 0.3974 | 0.3035 | 03807 | 0.3859
£ | 0402 | 04562 | 0.4527 | 0.4483 | 0.4443 | 0.4404 | 04364 | 04325 | 04286 | 04247
00 | 05000 | 04960 | 04920 | 0.4B30 | 0.48¢0 | DJAB0T | OA78] | 04721 | Q4081 | 0.4641
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J02 01 005 7 0035 00t

df 25 20 A5 il £5 025

0.695 0.873
13 0.694 0.870
14 0652 0868
0,691 Q.66

0836 0359
22 | 9686 0858 1
23 | 0485 o858 0

0,635,

0,679
50 0,679
BB | 0578

00 | DEFF D845

1000 0.5675 0,842

z* 2.674 0341

SU0%5 6% T0%  80%  90®%  95% &% 0% 0%  09.50  90.8%  99.9%
Confidancs fove) ©
RE~FTHHER
x? distribution critical values
Tail probability p

df | .25 20 A 10 05 03 02 01 A05 0025 001 .000S
1| 132 Les 207 271 A% 502 541 663 788 91 083 1212
2] 237 32 379 461 508 738 7.8 921 1060 1198 1382 1520
3] 411 464 332 6375 7Bl 035 08B 1134 1284 1432 1627 1773
4] 539 S99 674 778 949 ILI4 1L6T 1328 1486 1642 1847 2000
SE 683 2720 812 924 1107 - 1283 1339 1509 1675 1839 2051 2211
6f 7.84 856 945 1064 1259 1445 1508 1681 1855 2025 2246 2410
7| 904 080 1075 1202 1407 1601 1662 1848 2028 2204 2432 2602
8] 1022 1103 1203 1336 1551 1753 1817 2009 2195 2377 2612 2787
o1 1139 1224 1329 14638 1692 10.02 1068 2167 2359 2546 2788 2067
10 1258 1344 1453 1599 1831 2048 2116 2321 2519 2701 2030 2142
11| 1350 1463 1577 1728 19.68 2197 2262 2471 2676 2893 3126 3314
121 1485 1581 1699 1855 2103 2334 2405 2622 2830 2032 3201 34.82
13 1508 1698 1820 1981 2236 2474 2547 2769 2982 3188 3453 3848
M| 1712 1815 1941 2106 2348 2612 2687 294 3132 3343 3612 3841
15) 1825 1931 2060 2231 2500 2749 2826 3058 3280 3495 3790 3972
16 | 19037 2047 2179 2354 2630 2885 20.63 3200 34327 3646 3025 4131
17| 2049 2161 2208 2497 2759 3019 3L00 3341 3572 3795 4079 4288
18 | 2L60 2276 24.16 2599 2887 3153 3235 3481 3716 3042 4231 4443
19| 2292 2380 2533 2720 3014 3235 3360 3510 3858 40.88 4382 4507
20 | 2383 2504 2650 2841 3141 3417 3502 3757 4000 4234 4531 4750
21 | 2493 2617 2766 2962 3267 3548 3634 3893 4140 4378 4680 40D
22| 2604 2730 2882 308F 3392 3678 3766 4029 4280 4520 4827  S0.51
23| 27.14 2843 2998 23201 3517 3808 3BOT 4164 4408 4662 4973 52.00
24{ 2824 2955 3i13 3320 3642 3936 4027 4208 4556 4803 5118 5348
25| 2034 3068 3228 3438 3765 4065 4157 4431 4603 4944 5262 5495
26| 3043 3179 3343 3556 3880 4192 42BS 4564 4820 50.83 5405 5641
27| 3L53 3201 3457 3674 4031 43 19 4414 4696 4064 5232 5548 57.86
28 | 3262 3403 35T 37852 4134 4542 4828 5099 5350 5680  50.30
29| 3371 3514 3685 30.09 4236 45 72 2640 4959 5234 5497 SB30 4073
30| 3480 3625 3799 4026 4377 4698 4796 S089 5367 5633 5990  62.16
40| 4562 47.27 4924 518 5576 5034 6044 6369 G877 6970 TIAD  T600
50| 5633 5816 6035 6307 6150 Ti42 7261 7615 7949 B266 RA66  £9.55

60| 6698 6897 7134 7440 7908 8330 8458 8838 9195 9534 00.6F 1007

80| 8813 9041 9311 0558 1019 1066 1081 1123 - 1163 1207 1248 1283

100 ] 1081 1117 1347 1185 1243 129.4 1311 1358 2402 1443 1494 1532
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