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1. (18%) A recent study looked into the amount of debt accumulated by recent college graduates. The study
found that among those who had graduated with debts from student loans, 33% had sold possessions since
graduating. Among those who had graduated free of debt, only 17% had sold possessions since graduating.
(1) Express these two percentages as conditional probabilities. (4%)

(2) Give a short description of the associated sample space.  (2%)

(3) If the proportion of having debt after graduating is 15%, then determine the proportion of recent college
graduates who sold possessions after college.  (6%)

(4) Determine the proportion of recent college graduates having loan among those who sold possessions after
college. (6%)

2. (16%) The following data present 209 secondary school students about height (short or not) and whether or not
the student had ever been bullied in school.

Ever Bullied?
Height Yes No
Short 42 50
Not short 30 87

(1) Use the z-test t6 verify whether the proportion of being bullied for short students is higher than that of
students being not shorts.  Use a=.05. (8%)
(2) Use the chi-squared test to verify whether there is a relationship between height and the likelihood of]
having been bullied. Use a=.05. (8%)

3. (16%) Suppose that we wish to test the hypothesis '
H,:u=65 kilograms,
H,:pu>65 kilograms,
for the weights of male students at a certain college using an a=.05 when it is assumed that the weights follow]
a normal distribution with known ¢ =5.
(1) A random sample of 20 male students taken from this college yields a sample mean of 67.5 kilograms. Do
the data support this hypothesis? (8%)

(2) Find the sample size required if the power of our test is to be 0.99 when the true mean is 66.5 kilograms.
(8%)

4. (20%) Three different machines, M;, M,, and M3 are to be considered in the assembling of a toy car. Four
operators are to be used in a randomized block experiment to compare the machines. The machines are]

assigned in a random order to each operator. The operation of the machines requires a certain amount of
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physical dexterity, and it is anticipated that there will be a difference among the operators in the speed with|
which they operate the machines. The following times, in minutes, were recorded for assembling the toy car.

Operator 1 | M, 35 M; 29 M; 26
Operator 2 | M, 28 M; 31 M, 34
Operator 3 | M3 27 M; 25 M, 31
Operator 4 | M, 24 M, 35 M3 30

speed. (10%)

speed. (10%)

examination (dependent variable) are shown below:

(1) Test the hypothesis Hy, at the 0.05 level of significance, that the machines perform at the same mean rate of

(2) Test the hypothesis Hy, at the 0.05 level of significance, that the operators perform at the same mean rate of]

5. (30%) The grades of a class of 9 students on 2 midterm report (independent variable) and on the final

Midterm 77 55 70 73 83

92 94 P9

68

Final 82 67 78 56 69

87 98 e |

65

Below shows the ANOVA results.

level of significance. (3%)

ANOVA
Degree of freedom SS MS F p
Regression 1 (a) (c) 10.45
Error 7 ' (b) (d)
Total 8 Toele
Coefficient Standard error T
Intercept  (e) 19.67 0.76
Midterm () 0.25

(1) Please ﬁll out cells (a) to (f) (calculate to two decimal points) (12%)

(2) What is the critical value of F to be significant at a=0.057 (3%)

(3) Estimate the linear regression line (calculate to two decimal points). (3%)
(4) Test the hypothesis that § (slope of the regression line) = 0 against the alternative that B+ 0 at the 0.05

(5) Use the data from ANOVA to calculate the coefficient of correlation between the midterm report and the ﬁna1|
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examination. (3%)
(6) Estimate the final examination grade of a student who received 80 on the midterm report. (3%)
(7) Construct a 95% confidence interval for the average final examination grade of students who make a 80 on|
the midterm report. (3%)

Percentage Points of the£ Distribution; ¢,
P(T>¢,4)=a

a
0.40 |1 0.30 | 0.20 | 0.15 { 0.10 | 0.05 | 0.025 | 0.02 | 0.015 | 0.01 {0.0075 0.005 | 0.0025 ; 0.0005
0325(0.727 1 1.376 1 1.963 | 3.078 | 6314 | 12.706 | 15.895 | 21.205 | 31.821 | 42.434 | 63.657 | 127.322 | 636.590
0.28910.617 | 1.061 | 1.386 | 1.886 | 2.920 | 4.303 | 4.849 | 5.643 | 6.965 | 8.073 | 9.925 | 14.089 | 31.598
0.27710.584 | 0.978 | 1.250 } 1.638 [ 2.353 .| 3.182 | 3.482 | 3.896 | 4.541 | 5.047 | 5.84]1 | 7453 | 12.924
0.271]0.569 | 0.941 | 1.190 | 1.533 | 2.132 | 2.776 | 2.999 | 3.298 | 3.747 | 4.088 | 4.604 | 5398 | 8.610
0.267 { 0,559 1 0.920 | 1.156 | 1.476 | 2.015 | 2.571 | 2.757 | 3.003 | 3.365 { 3.634 | 4.032 | 4.773 | 6.869
0.265]0.553 [ 0.906 | 1.134 { 1.440 | 1.943 | 2.447 | 2.612 | 2.829 | 3.143 | 3.372 | 3.707 | 4.317 | 5.959
0.263 1 0.549 10.896 | 1.119 | 1.415 | 1.895 | 2.365 { 2.517 | 2.715 | 2.998 { 3.203 | 3499 | 4.029 | 5.408
0.262 | 0.546 | 0.889 | 1.108 | 1.397 | 1.860 | 2.306 | 2.449 | 2.634 | 2.896 | 3.085 | 3.355 | 3.833 | 5.041
0.261 ] 0.543 | 0.883 [ 1.100 | 1.383 | 1.833 | 2.262 | 2398 | 2.574 | 2.821 | 2,998 | 3.250 | 3.690 | 4.781
10 ]0.26010.5421 0.879 | 1.093 | 1.372 | 1.812 | 2.228 | 2.359 | 2.527 | 2.764 | 2.932 | 3.169 | 3.581 | 4.587
11 | 0.260 | 0.540 | 0.876 | 1.088 | 1.363 | 1.796 | 2.201 | 2.328 | 2.491 | 2.718 | 2.879 | 3.106 | 3.497 | 4437
12 10.25910.53910.873 1 1.083 | 1.356 | 1.782 { 2.179 | 2.303 | 2.461 | 2.681 | 2.836 | 3.055 | 3.428 | 4318
13 [0.259)0.538 | 0.870 [ 1.079 | 1.350 { 1.771 | 2.160 | 2.282 | 2.436 | 2.650 | 2.801 | 3.012 | 3.372 | 4.221
14 10.25810.537 1 0,868 | 1.076 | 1.345 | 1.761 | 2.145 | 2.264 | 2415 | 2.624 | 2971 | 2977 | 3.326 | 4.140
15 1 0.25810.536 | 0.866 | 1.074 | 1.3411.1.753 | 2.131 | 2.249 | 2.397 | 2602 | 2.746 | 2.947 | 3.286 | 4.073
16 10.25810.535 | 0.865 ] 1.071 | 1337 | 1.746 | 2.120 | 2.235 | 2.382 | 2,383 | 2.724 | 2.921 | 3.252 | 4.015
17 | 0.25710.534 | 0.863 | 1.069 | 1.333 | 1.740 {"2.110 | 2.224 | 2.368 | 2.567 | 2.706 | 2.898 | 3.222 | 3.965
18 10.25710.534 { 0.862 | 1.067 | 1.330 { 1.734 | 2.10]1 | 2.214 | 2.356 | 2.552 | 2,689 | 2.878 | 3.197 | 3.922
19 {0.25710.533 | 0.861 | 1.066 | 1.328 | 1.729 | 2.093 | 2.205 | 2.346 | 2.539 | 2.674 | 2.861 | 3.174 | 3.883
20 §0.25710.533 { 0.860 | 1.064 | 1.325 | 1.725 | 2.086 | 2,197 | 2.336 | 2.528 | 2.661 | 2.845 | 3.153 | 3.850 s
21 10.257]0.532 | 0.859 | 1.063 | 1.323 | 1.721 | 2.080 | 2.189 | 2.328 | 2.518 | 2.649 | 2.831 | 3.135 | 3.819
22 10.256 | 0.532 | 0.858 | 1.061:(.1.321 | 1.717 | 2.074 | 2.183 | 2.320 | 2.508 | 2.639 | 2.819 | 3.119 | 3.792
23 10.2560.532]10.858 {1.060 | 1.319 11,7141 2.069 | 2.177 | 2.313 [ 2.500 | 2.629 | 2.807 | 3.104 | 3.768
24 10.2560.531 {0.857 | 1.059 | 1.318 ) 1.711] 2.064 | 2.172 | 2.307 | 2.492 | 2.620 [ 2.797 | 3.091 | 3.745
25 102561 0.53110.856 [ 1.058 | 1.316{ 1.708 | 2.060 | 2.167 | 2.301 | 2.485 | 2.612 | 2.787 | 3.078 | 3.725
26 10.256]0.53110.856 | 1.058 | 1.315] 1.706 { 2.056 | 2.162 | 2.296 | 2479 | 2.605 | 2.779 | 3.067 | 3.707
27 10.2560.531{0.85511.057 11314 | 1703} 2.052 | 2.158 | 2.291 | 2473 | 2.598 | 2.771 | 3.057 | 3.650
28 10.2561 0.530 1 0.855 { 1.056 | 1.313 | 1.701 { 2.048 | 2.154 | 2.286 | 2.467 | 2.592 | 2.763 | 3.047 | 3.674
1,29 10.256] 0.530 | 0:854 1 1.055 | 1.311 ] 1.699{ 2.045 | 2.150 | 2.282 { 2.462 | 2.586 | 2.756 | 3.038 | 3.659
30 {0.256{0.530{0.854 | 1.055 | 1.310 | 1.697 | 2.042 | 2.147 | 2.278 | 2.457 | 2.581 | 2.750 | 3.030 | 3.646
40 [0.255]0.529 | 0.851 {1.050 | 1.303 | 1.684 | 2.021 | 2.123 | 2.250 | 2.423 | 2.542 | 2.704 | 2.971 | 3.551
60 |0.2540.527 [ 0.848 | 1.045 | 1.296 { 1.671 | 2.000 | 2.099 | 2.223 | 2390 | 2.504 | 2.660 | 2.915 | 3.460
12010254 1 0.526 | 0.845 | 1.041 | 1.289 | 1.658 | 1.980 | 2.076 | 2.196 | 2.358 | 2.468 | 2.617 | 2.860 | 3.373
o 10.25310.524 [0.842]1.036 | 1.282§ 1.645) 1.960 | 2.054 | 2.170 | 2.326 | 2432 | 2.576 | 2.807 | 3.291

el ool Wt | <
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Table of the Chi-square Distribution f \|\><a

Zl(l;v
a= |n9s 0.99 0.9% 0973 093 (1] 080 4.20 010 005 19025 0.02 0.1 0,003 G.001 =
V=1 goonm Q0007 botess  onpoes  D.00303 OOISE 00642 1642 2706 3841 5024 5412 6.635 187 10827 | v=1
21 0.0100 10200 0.0404  0.6506 0.0 0211 0446 3219 4605 5.991 7378 7824 4210 10597 13815 2
30077 115 0.185 0216 0.352 00.3% 1005 4.642 6251 7.815 9.348 9837 11245 12838 16268 3
410207 0.297 0420 0.484 0711 Lhg 1649 5989 71 9488 11143 11608 13277 14860 18465 4
51042 0.554 0752 0.831 1.145 1610 2345 1289 9236 U0 12832 13388 15086 10750 20517 5
6| 0676 ' 0872 1.134 1.237 1.635 2204 3070 K358 645 12502 14449 15033 16812 3BS48 22457 6
710489 1.239 1.564 1.690 2,167 2633 3822 gm0 12.0M7 14067 16012 16622 18475 20278 2432 7
811344 1.646 2032 2180 2731 3400 4594 11030 13362 15507 17535 IR468 20490 21955 26125 &
0| L73s 2088 2532 2700 3325 4168 5280 12242 14684 16919 10023 19679 21666 23589  17.877 9
10§ 2156 2558 3059 347 1.940 4865 6170 13442 15987 18307 2048 2Li6l 2320 25188 2058R 10
11 | 2,603 3.053 .60 1816 4.575 5578 689 14631 17375, 19675 20920 22618 24725 26,757 31.264 1i
123074 337 4.178 4404 $.226 6304 7.807 15812 18549 21026 23337 24.054 26217 28.300 32909 12
13 | 3565 4.107 4.765 5.009 5892 2042 £.633 16985 10812 22362 24736 25472 27688 20RIS 34528 13
141 4.075 4.660 5368 5.629 6.5 7700 9467 IR1S1 21064 23685 26110 26873 29041 31319 36323 4
15 | 4.601 5.229 5.985 6262 7.261 8547 10307 19311 22307 24996 27488 28250 30578 32801 37.697 15
16 [ 5.142 5812 6.614 6.008 7.962 9312 1152 20465 23542 26206 28845 20633 A2000 34267 39232 16
17 | 5.697 6.408 %S 7.564 672 10,085 12002 21605 24769 27587 30091 30995 33409 3578 40700 17
“18 | 6.265 7.013 7.006 8.231 9390 10865 12857 22760 25080 28RV 31526 32346 34805 37056 42312 18
19} 6.844 7.633 £.567 8907 10017 10651 13716 239000 27364 30444 32852 33687 36491 385K 4R8N0 19
20 740 8.260 9.237 259 HLEST 12443 14578 25038 28412 31410 AT 35020 37566 39997 45315 20
21 | 8.0M 5.897 9.915 10283 11591 13240 15445 26171 20615 32671 35479 36343 383 41400 46797 21
22} 8.643 9.332 JADD 10982 12238 14041 16314 27300 30813 33924 36781 37659 40289 42796 48268 2
231 9.260 10,09 11293 10688 13091 14848 1TI87 28429 32007 351720 38076 38U 41638 44.18) 4072 3
24| 9886 10856 11992 12401 (13848 15650 18062 20553 33096 36415 39364 40270 42,080 45558 51179 24
25 1 10520 11524 | 12697 13020 14611 16473 18940 30.675 34382 37652 40646 41566 443M4 46928 52.620 25
F - Distribution [0t = 0.05 in the Right Tail)
\ df Mumerator Degrees of Freedom
ol ANCLE I 2 3 4 5 6 7 5 9
i 161.35 19550 23571 224,58 23016 233.99 236,77 238.88 240.54
2 18.513 15,000 19,16 19.247 19.296 19.330 19.353 19.371 L9385
3 10,128 w.5521 @376 91172 9.0135 B.95 £8867 85452 8.5123
4 77086 . 99443 65914 £.3842 52561 6. h6 3 60942 60410 69988
5 H.60FY 5.THGL 54W5 B.1922 5.0803 39303 4 8759 3 8183 4.372%
& 39874 51433 g 757 45337 43874 42839 42067 41468 4.{2‘)0
i 35914 47574 4,3465 #1203 39715 3o 37870 3.TRRT 36767
& 53177 45590 30662 38379 3.6875 25806 35005 3.4351 3.35%1
E 9 51174 & 2565 38625 3.633) 3.4817 3.3738 32927 32296 31789
= w 4 9646 41028 . 37085 34780 33258 32172 3.1355 3.0317 3.0204
@ 1) 3.8343 3.9823 1R 3.3567 3 20389 3.0946 30123 29450 28962
,_?_E 12 4,79472 3.8853 3.4903 3.2592 3.4059 299561 29134 2 8486 2.7964
- 13 486672 3B056 32105 ENTL] 30254 29153 ?..f:?Zl 2.7669 27144
3 14 46001 37389 33339 34122 29582 28477 20642 2.6987 26458
® 5 2.5431 36823 32574 30558 28013 27005 27068 26408 25876
’5;, 11 &, 4934y 3HA3T 3.2380 3.0069 28524 2.7-413 2HET2 25911 28377
@ 17 34513 33915 519638 2.9647 2 R100 26987 26143 2.5480 24943
Cj 18 44139 31,5546 3.1599 29277 27728 26613 25767 2.5102 ;.4;6;
2 19 3 .3807 35219 3.1274 2.8951 27401 26283 25435 24768 24227
2 20 43512 34928 30954 2.8661 27109 2.59%0 25140 24471 23928
E o 3.3248 34665 3.0725 28401 2 6845 2572% 24875 24205 2.3660
< 22 43000 34433 1.0491 28167 26613 2.5491 24638 2.3965 2.3419
& = 42793 34221 30280 27955 26300 2.5277 2.4422 2.3743 -2'3'201~
O 24 4.2597 34028 30038 22,7763 26207 25082 24220 2.355) 2.3002




