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3. A tdistribution has heavier tails than the standard normal.

’fj?'; — ﬁﬁ é}i‘-;}l- r_g—;é ::,‘;‘;‘%g _ 4. The CLT says any distribution becomes normal for large samples.
5
6

Part II: True/False (10 questions, each for 2 points. Total 20 points)

If two events are independent, then they must be mutually exclusive.

ANOVA can be viewed as a special case of a linear model using dummy variables.

With right-skewed data and outliers, the median is typically more robust than the mean.

An F distribution can be expressed as the ratio of two independent chi-square variables

EEER:

1AM SR04 £ 30 2) ~ ABAA0 M £ 20 )R EAM .

divided by their degrees of freedom.
If E[X] exists, then Var(X) must exist.

Ao HADNDE=HS 0 £10045 -

2. Ribip R B FHRBEARREERRIEFEALEAL - _
3. 2MLRMALLELZERMNGEL  BAXR T4 - Hcreases.

9. Ifthe overall F test is not significant (p>a), then every individual coefficient must be

8. Atfixed o, if the rejection region becomes more stringent (harder to reject), B typically

Part I: Multiple-Choice (10 questions, each for 3 points. Total 30 points) non-significant.
1. If A and B are independent with P(A)=0.2 and P(B)=0.5, what is P(A|B)?
A.0.1 B.02 C.04 D.07

10. For the same xo, a prediction interval is always narrower than a CI for the mean response.

2. IfE[X]=p and Var(X)=c2, what is Var(aX+b)? Part III: Calculation & Application (4 problems, Total 50 points)
A.ac®> B.a’s> C.c™b?  D.(ath) %> 1. To test for any significant difference in the number of hours between breakdowns
If Z ~N(0,1), then Z2 follows: A. ¥*ay B.tqy C.x%2 D.Exp(l) for four machines, the following data were obtained. (12 points)
4. The correct interpretation of a 95% confidence interval is: Machine 1 Machine 2 Machine 3 Machine 4
A. 0 has 95% probability to be inside ~ B. 95% of such intervals cover 0 in repeated 6.4 87 _ 1.1 99
sampling  C. sample is drawn with prob 0.95  D. p-value equals 0.05 78 74 10.3 12.8
5. Let X~Geometric(p) be the number of trials until the first success (support {1,2,...}). 5.3 9.4 9.7 12.1
WhatisE[X]? A. 1/p  B.(I-pyp C.p D.1l/(1-p) 7.4 10.1 103 10.8
6. Anurn has 8 red and 12 blue balls. Draw 5 without replacement. What is P(exactly 2 o _ 2 e
7.3 9.8 8.8 11.5
red)? A. C(8,2)C(12,3)/C(20,5)  B. C(5,2)(8/20)%(12/20)*  C. (8/20)%(12/20)?
D. C(20,2)/C(20,5) a. Atthe o= 0.05 level of significance, what is the difference, if any, in the
. ) I .
7. Inay? goodness-of-fit test with k categories and m parameters estimated from data (e.g., population mean times among the four machines? (3 points)
Poisson with . estimated), the df is: A.k-1 B.k-m C.k-1-m D.k-2m b. Use Fisher’s LSD procedure to test for the equality of the means for machines 2
8. Inapooled two-sample t confidence interval for p1—u2 (equal variances, normal), the and 4. Use 2 0.05 level of significance. (3 points)
degrees of freedom is: A. 2 B.m+m—1  C.ni+m-2  D. min(ny,nz)~1 ¢. Use the Bonferroni adjustment to test for a significant difference between all pairs
9. Insimple linear regression y=Po+Prx-+e, the test for HO: B1=0 uses a statistic that of means. Assume that a maximum overall experimentwise error rate of 0.05 is
follows: A. 2%y B.tas C.Faan D.N(0,1)regardless of n Gesiied: (Olpoints)

10. In multiple regression with p predictors, the overall F test for HO: Bi=...=p,=0 has
degrees of freedom: A. (p,n—p-1) B.(m-1,p) C.(p-1,n—p) D.(l,n-2) A& oA RA
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2. A production line operation is tested for filling weight accuracy (in grams) using

the following hypotheses. (13 points)

Hypothesis Conclusion and Action
Hp: =16 Filling okay; keep running
Hy: p#16 Filling off standard; stop and adjust machine

The sample size is 30 and the population standard deviation is o= 0.8. Use o= 0.05

a. What would a Type II error mean in this situation? (3points)

b. What is the probability of making a Type II error when the machine is overfilling
by 0.5 grams? (3 points)

c. What is the power of the statistical test when the machine is overfilling by 0.5
grams? (3 points)

d. Show the power curve for this hypothesis test. What information does it contain

for the production manager? (4 points)

3. A salesperson makes four calls per day. A sample of 100 days gives the following

frequencies of sales volumes. (12 points)

N llslzllllézr of Observed Frequency
(days)

0 30
1 32
2 25
3 10
4 3

Total 100

Records show sales result from 30% of all sales calls. Assuming independent sales
calls, the number of sales per day should follow a binomial probability distribution.
The binomial probability function is

fx)=— pr-p)™”
X

n!
(n—-x)!
For this exercise, assume that the population has a binomial probability distribution
withn=4,p=.30,and x=0, 1, 2, 3, and 4.
a. Compute the expected frequencies for x =0, 1, 2, 3, and 4 by using the binomial
probability function. Combine categories if necessary to satisfy the requirement

that the expected frequency is five or more for all categories. (6 points)

b. Use the goodness of fit test to determine whether the assumption of a binomial

probability distribution should be rejected. Use a = 0.05. Because no
parameters of the binomial probability distribution were estimated from the
sample data, set the degrees of freedom to k — 1 when k is the number of

categories. (6 points)

4. A statistical professor at Givens College is interested in the relationship between

hours spent studying and total points earned in a course. Data collected on 10

students who took the course last quarter follow. (13 points)

Hours Spent Total Points
Studying Earned
45 40
30 35
90 75
60 65
105 90
65 50
90 90
80 80
55 45
75 65

Develop an estimated regression equation showing how total points

earned is related to hours spent stﬁdying. (5 points) |

Test the significance of the model with o = 0.05. (3 points)

Predict the total points earned by Eric Chang. He spent 95 hours studying.
(2 points)

Develop a 95% prediction interval for the total points earned by Eric Chang.
(3 points)
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Critical Values for Student’s ¢-Distribution. A

Upper Tail Probability: Pr(T > t)
df 0.2 01 005 0.04 0.03  0.025 0.02 001 0.005 0.0005
1| 1376 3.078 6.314 7.916 10.579 12706 15.895 31.821 63.657 636.619
STANDARD NORMAL DISTRIBUTION: Table Values Represent AREA to the LEFT of the Z score. 2| 1.061 1.886 2920 3.320 3.806 4.303 4.849 6965 9.925  31.599
3] 0978 1.638 2353 2605 2951 3.182 3482 4541 5.841  12.924 -
Z 00 01 -02 03 04 05 06 07 08 09 4] 0941 1533 2.132 2333  2.601  2.776  2.999  3.747  4.604 8.610
0.0 .50000 50399 50798 51197 51595 51994 52392 52790 53188 .53586 5| 0920 1476 2.015 2.191 2422 2571 2757 3.365  4.032 6.869
0.1 | 53983 54380 54776 55172 55567  .55962 56356  .56749 57142 57535 g gggg }ﬁg }ggg gégé gg}ﬁ gg‘ég ggiﬁ g;‘;g gzg; iggg
0.2 | .57926 58317 58706 .59095 .59483 59871 60257 60642 61026 .61409 8 | 0.889 1.397 1.860 2.004 2.189  2.306 2.449  2.896  3.355 5.041
0.3 | .61791 62172 .62552 .62930 63307 .63683 . .64058 .64431 .64803 65173 13 g-ggg iggg igig }gzg g}gg ggg; gggg 3'32411 g-fgg j-gg;
04 | .65542 .65910 .66276 .66640 .67003 .67364 67724 .68082 .68439 .68793 I 0'876 1'363 1'796 1’928 2'096 2'201 2'328 2'718 3'106 4'437
0.5 | .69146 69497 .69847 .70194 70540 70884 71226 71566 71904 72240 12 | 0.873 1356 1782 1912 2076 2179 2303 2681 3.055 4318
0.6 | .72575 72907 73237 .73565 73891 74215 74537 .74857 75175 75490 1310870 1350 1.771 1.899  2.060 2160 2.282 2.650  3.012 4.221
14 | 0.868 1.345 1.761 1.887 2.046 2.145 2264 2624  2.977 4.140
0.7 | .75804 76115 76424 .76730 77035 77337 77637 77935 .78230 78524 15 | 0.866 1341 1753 1878 2034 2131 2249 2602 2947 ¥
0.8 | .78814 .79103 79389 79673 79955 .80234 80511 80785 81057 81327 16 | 0.865 1.337 1.746 1.869  2.024  2.120 2235 2583  2.921 4.015
17 | 0.863 1.333 1.740 1.862 2.015 2110 2224 2567  2.898 3.965
0.9 | .81594 .81859 82121 .82381 .82639 .82894 .83147 .83398 .83646 .83891 18 | 0862 1330 1734 L85 2007 2101 2214 2552 5878 s
1.0 | .84134 .84375 .84614 .84849 85083 .85314 .85543 85769 .85993 86214 19 | 0.861 1.328 1.729 1.850 2.000 2.093 2205 2539  2.861 3.883
1.1 | .86433 .86650 .86864 .87076 .87286 .87493 .87698 .87900 .88100 .88298 20 [ 0.860 1.325 1.725 1.844 1994 2086 2197 2528 2845 3.850
1.2 | .88493 .88686 .88877 .89065 .89251 .89435 .89617 .89796 .89973 .90147 g; g-ggg iggi };f_l{ iggo 1‘323 3-032 g-}gg g-gég g-g% g-ggg
1.3 | .90320 .90490 .90658 .90824 .90988 91149 91309 .91466 91621 91774 23 | 0.858 1319 1714 1:832 1:978 2:869 2177 2500  2.807 3768
14 | 91924 .92073 .92220 .92364 .92507 92647 .92785 .92922 .93056 93189 24 | 0.857 1.318 1.711 1.828 1.974 2.064 2172 2492  2.797 3.745
25 [ 0.856 1.316 1.708 1.825 1.970 2.060 2.167 2.485  2.787 3.725
1.5 | .93319 .93448 93574 .93699 93822 .93943 .94062 94179 .94295 .94408 26 | 0.856 1315 1706 1822 1967 2056 2162 2470 2779 3707
1.6 | .94520 94630 94738 94845 .94950 95053 95154 95254 95352 95449 27 | 0.855 1.314 1.703 1.819 1.963  2.052 2158 2473  2.771 3.690
; 28 | 0.855 1.313 1.701 1.817 1.960 2.048 2154 2467  2.763 3.674
1.7 | .95543 .95637 95728 .95818 .95907 .95994 96080 96164 .96246 96327 20 | 0.85¢ 1311 1699 L8le 1957 2045 2150 2462 2758 g
1.8 | .96407 96485 96562 96638 96712 96784 96856 96926 96995 97062 30 | 0.854 1.310 1.697 1.812 1.955 2.042  2.147 2457  2.750 3.646
1.9 | 97128 .97193 97257 .97320 .97381 .97441 97500 .97558 97615 97670 31| 0.853 1.309 1.696 1.810 1.952 2040 2144 2453  2.744 3.633
2.0 | 97725 97778 97831 .97882 .97932 97982 .98030 98077 .98124 .98169 gi g-ggg iggg i-gg;l iggg i-gig gggg g-lgé g-ﬁg g;gg ggi?
2.1 | .98214 .98257 98300 .98341 98382 98422 .98461 98500 98537 98574 34 | 0.852 1.307 1.691 1.805 1946 2032 2136 2441 2798 3601
2.2 | 98610 98645 98679 98713 98745 98778 98809 98840 98870 98899 35 | 0.852 1.306 1.690 1.803 1.944 2.030 2.133 2438 2.724 3.591
36 | 0.852 1306 1.688 1.802  1.942  2.028  2.131 2434 2.719 3.582
2.3.| .98928 .98956 98983 99010 .99036 99061 99086 99111 .99134 99158 37 | 0851 1305 1687 1800 1940 2026 2120 2431 2718 S
24 | 99180 .99202 99224 99245 .99266 .99286 .99305 99324 99343 99361 38 [ 0.851 1.304 1.686 1.799  1.939 2024 2127 2429 2712 3.566
25| 99379 ..99396 99413 99430  .99446 99461 99477 99492 99506  .99520 23 ggg} i§8§ iggz iZSZ iggg gggi’ 3132 3233 g;gi 322?
2.6 | .99534 .99547 .99560 99573 .99585 .99598 .99609 .99621 99632 .99643 " 0'850 1'303 1'683 1'795 1'934 2'020 2'121 2'421 2'701 3'544
2.7 | .99653 .99664 .99674 .99683 .99693 .99702 99711 .99720 99728 99736 42 | 0850 1302 1682 1794 1933 2018 2120 2418  2.698 3.538
2.8 | 99744 99752 .99760 99767 99774 99781 99788 .99795 .99801 .99807 :11?1 3.850 1.302 1.681 1.793  1.932  2.017 2118 2416  2.695 3.532
850 1.301 1.680 1.792 1931  2.015 2116 2414  2.692 3.52
2.9 | .99813 .99819 .99825 .99831 .99836 .99841 .99846 .99851 .99856 .99861 45 | 0.850 1301 1.679 1791 1929 2014 2115 2412 2.690 3520
3.0 | .99865 99869 .99874 99878 99882 99886 99889 .99893 .99896 99900 46 | 0.850 1.300 1.679 1.790 1.928  2.013 2.114 2410  2.687 3.515
47 | 0.849 1.300 1.678 1.789  1.927  2.012 2112 2408  2.685 3.510
3.1 | .99903 .99906 .99910 99913 .99916 99918 99921 99924 99926 .99929 48 | 0849 1299 1677 1789 1926 2011 2111 2407 5689 =
3.2 | .99931 99934 .99936 99938 99940 99942 99944 .99946 99948 99950 49 | 0.849 1.299 1.677 1.788  1.925 2.010 2.110 2405  2.680 3.500
3.3 | .99952 .99953 .99955 .99957 199958 99960 99961 99962 99964 .99965 50 | 0.849 1.299 1.676 1.787  1.924 2009 2109 2403  2.678 3.496
3.4 | .99966 .99968 .99969 .99970 .99971 .99972 .99973 99974 99975 .99976 gg g-gig i-ggg i-gg# igf;é 131; f-ggg g-ggg g-gg‘l) g-gig gigg
35 | .99977 .99978 .99978 .99979 .99980 .99981 .99981 .99982 .99983 .99983 80 | 0.846 1202 1664 1.773 1908 1990 2088 2374 2639 3416
3.6 | .99984 .99985 .99985 .99986 .99986 .99987 .99987 .99988 .99988 .99989 90 | 0.846 1.201 1.662 1.771 1905 1987 2.08¢ 2368  2.632 3.402
3.7 | 99989 99990 99990 99990  .99991 99991  .99992 99992 99992  .99992 100 0845 1290 1660 1769 1902 1884 2081 2364 2626  3.390
120 | 0.845 1.289 1.658 1.766  1.899  1.980 2.076  2.358  2.617 3.373
3.8 | .99993 .99993 .99993 .99994 .99994 .99994 .99994 .99995 .99995 .99995 140 | 0844 1288 1656 1763 1896 1977 2073 2353 2611 3,961
3.9 | .99995 .99995 .99996 .99996 .99996 .99996 .99996 .99996 .99997 .99997 180 | 0.844 1286 1.653 1.761 1.893  1.973  2.069 2.347  2.603 3.345
200 | 0.843 1.286 1.653 1.760 1.892 1.972  2.067 2.345  2.601 3.340
500 | 0.842 1.283 1.648 1.754 1.885 1.965 2.059 2.334  2.586 3.310
1000 | 0.842 1.282 1.646 1.752 1.883  1.962 2.056 2.330  2.581 3.300
co | 0.842 1282 1.645 1.751 1.881  1.960 2.054 2.326  2.576 3.291
60%  80%  90%  92% 94% 95% 96% 98% 99%  99.9%
Confidence Level

Note: t(00)a/2 = Zy /2 in our notation.
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Chi-Square Distribution Table

xZ

The shaded area is equal to o for x% = x2.

X
m

m
M
s
Do

df X095 X090 Xors X%s0 x%00 X%00 x%hs0 Xb2s X10 Xbos
1 0.000 0.000 0.001 0.004 0.016 2.706 3.841 5.024 6.635 7.879
2 0.010 0.020 0.051 0.103 0.211 4.605 5.991 7.378 9.210 10.597
3 0.072 0.115 0.216 0.352 0.584 6.251 7.815 9.348 11.345 12.838
4 0.207 0.297 0.484 0.711 1.064 7.779 9.488 11.143 13.277 14.860
5 0.412 0.554 0.831 1.145 1.610 9.236 11.070 12.833 15.086 16.750
6 0.676 0.872 1.237 1.635 2.204 10.645 12.592 14.449 16.812 18.548
7 0.989 1.239 1.690 2.167 2.833 12.017 14.067 16.013 18.475 20.278
8 1.344 1.646 2.180 2.733 3.490 13.362 15.507 17.535 20.090 21.955
9 1.735 2.088 2.700 3.325 4.168 14.684 16.919 19.023 21.666 23.589
10 2.156 2.558 3.247 3.940 4.865 15.987 18.307 20.483 23.209 25.188
11 2.603 3.053 3.816 4.575 5.578 17.275 19.675 21.920 24.725 26.757
12 3.074 3.571 4.404 5.226 6.304 18.549 21.026 23.337 26.217 28.300
13 3.565 4.107 5.009 5.892 7.042 19.812 22.362 24.736 27.688 29.819
14 4.075 4.660 5.629 6.571 7.790 21.064 23.685 26.119 29.141 31.319
15 4.601 5.229 6.262 7.261 8.547 22.307 24.996 27.488 30.578 32.801
16 5.142 5.812 6.908 7.962 |- 9.312 23.542 26.296 | 28.845 32.000 34.267
17 5.697 6.408 7.564 8.672 10.085 24.769 27.587 30.191 33.409 35.718
18 6.265 7.015 8.231 9.390 10.865 25.989 28.869 31.526 34.805 37.156
19 6.844 7.633 8.907 10.117 11.651 27.204 30.144 32.852 36.191 38.582
20 7.434 8.260 9.591 10.851 12.443 28.412 31.410 34.170 37.566 39.997
21 8.034 8.897 10.283 11.591 13.240 29.615 32.671 35.479 38.932 41.401
22 8.643 9.542 10.982 12.338 14.041 30.813 33.924 36.781 40.289 42.796
23 9.260 10.196 11.689 13.091 14.848 32.007 35.172 38.076 41.638 44.181
24 9.886 10.856 12.401 13.848 15.659 33.196 36.415 39.364 42.980 45.559
25 10:520 11.524 13.120 14.611 16.473 34.382 37.652 40.646 44.314 46.928
26 11:160 12.198 13.844 15.379 17.292 35.563 38.885 41.923 45.642 48.290
27 11.808 12.879 14.573 16.151 18.114 36.741 40.113 43.195 46.963 49.645
28 12461 13.565 15.308 16.928 18.939 37.916 41.337 44.461 48.278 50.993
29 13121 14.256 16.047 17.708 19.768 39.087 42.557 45.722 49.588 52.336
30 13787 14.953 16.791 18.493 20.599 40.256 43.773 46.979 50.892 53.672
40 20.707 22.164 24.433 26.509 29.051 51.805 55.758 59.342 63.691 66.766
50 27.991 29.707 32.357 34.764 37.689 63.167 67.505 71.420 76.154 79.490
60 35.534 37.485 40.482 43.188 46.459 74.397 79.082 83.298 88.379 91.952
70 43275 45.442 48.758 51.739 55.329 85.527 90.531 95.023 100.425 | 104.215
80 51172 53.540 57.153 60.391 64.278 96.578 101.879 | 106.629 | 112.329 | 116.321
90 59.196 61.754 65.647 69.126 73.291 107.565 | 113.145 | 118.136 | 124.116 | 128.299
100 67.328 70.065 74.222 77.929 82.358 118.498 | 124.342 | 129.561 | 135.807 | 140.169

P

F Distribution Table

a=0.05
d.f.N.
10

254.3

19.50

8.53
5.63
4.36
3.67
3.23
2.93
2.71
2.54
2.40
2.30
2.21
2.13
2.07
2.01
1.96
1.92
1.88

1.84
1.81

1.78
1.76
1.73
1.71
1.69
1.67
1.65
1.64
1.62
1.51
1.39
1.25
1.00

~120

19.49
8.55
5.66
4.40
3.70
3.27
2.97
2.75
2.58
2.45
2.34
2.25
2.18
211
2.06
2.01
1.97
1.93

1.90
1.87
1.84
1.81
1.79
1.77
1.75
1.73
1.71
1.70
1.68
1.58
1.47
1.35
1.22

252.2 | 253.3

19.48

8.57
5.69
4.43
3.74
3.30
3.01
2.79
2.62
2.49
2.38
2.30
2.22
2.16
2,11
2.06
2.02
1.98
1.95
1.92
1.89

1.86
1.84
1.82
1.80
1.79
1.77
1.75
1.74
1.64
1.53
1.43
1.32

- 40

2511

19.47

8.59
5.72
4.46
3.77
3.34
3.04
2.83
2.66
2.53
2.43
2.34
2.27
2.20
2,15
2.10
2.06
2.03
1.99

1.96
1.94
1.91
1.89
1.87
1.85

1.84
1.82
1.81
1.79
1.69
1.59
1.50
1.39

30
250.1
19.46

8.62
5.75
4.50
3.81
3.38
3.08
2.86
2.70
2.57
2.47
2.38
2.31
2.25
2.19
2.15
211
2.07
2.04
2.01
1.98
1.96

1.94
1.92
1.90
1.88
1.87
1.85
1.84
1.74
1.65
1.55
1.46

24 -
2491

19.45

8.64
5.77
4.53
3.84
3.41
3.12
2.90
2.74
2.61
2.51
2.42
2.35
2.29
2.24
2.19
2.15
2.11
2.08
2.05
2.03
2.01

1.98
1.96
1.95
1.93
191
1.90
1.89
1.79
1.70
1.61
1.52

-20

248.0

19.45

8.66
5.80
4.56
3.87
3.44
3.15
2.94
2.77
2.65
2.54
2.46
2.39
2.33
2.28
2.23
2.19
2,16
2.12
2.10
2.07
2.05
2.03
2.01

1.99
1.97
1.96
1.94
1.93
1.84
1.75
1.66
1.57

- 15

245.9

19.43

8.70
5.86
4.62
3.94
3.51
3.22
3.01
2.85
2.72
2.62
2.53
2.46
2.40
2.35
2.31
2.27
2.23
2.20
2,18
2.15
2.13
2.11
2.09
2.07

2.06
2.04
2.03

2.01

1.92
1.84
1.75
1.67

=12

243.9
19.41

8.74
5.91
4.68
4.00
3.57
3.28
3.07
291
2.79
2.69
2.60
2.53
2.48
2.42
2.38
2.34
2.31
2.28
2.25
2.23
2.20
2.18

2.16
2.15
2.13

2.12
2.10
2.09

2.00
1.92
1.83
1.75

241.9

19.40
8.79
5.96
4.74
4.06
3.64
3.35
3.14
2.98
2.85
2.75
2.67
2.60
2.54
249
2.45
241
2.38
2.35
2.32
2.30
2.27
2.25

2.24
2.22
2.20
2.19
2,18
2.16
2.08
1.99
1.91
1.83

240.5

19.38

8.81
6.00
4.77
4.10
3.68
3.39
3.18
3.02
2.90
2.80
271
2.65
2.59
2.54
2.49
2.46
2.42
2.39
2.37
2.34
2.32

2.30
2.28
2.27
2.25

2.24
2.22
2.21
2.12
2.04
1.96
1.88

238.9
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