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Question 1.( 40 points)

1.1 Define factorial experiments and explain the advantage and disadvantages of
these experiments? ( 15 points)

1.2. Explain the layout of Latin square design and the advantage and disadvantages?

(15Points)

1.3 Complete the following ANOVA table for LCD in which each treatment
appeared once in each block. ( 10 points)
Source of variation df SS MS F
Treatments 14 —
row 4 8
Column - 24 .

Errors 0.2

Question 2 (20 points)

In a certain town, there are about one million eligible voters. A simple random
sample size 10,000 was chosen ,to study the relationship between gender and
participation in the last election. The results:

Men Women
voted 2,792 3,591
Didn’t vote 1,486 2,131

Make a chi square-test of the null hypothesis that gender and voting are
independent?
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Question 3 ( 40 points)
An educator wants to see how strong the relationship is between a student’s score on

a test and his/her grade point average.
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Test 98 105 100 100 106 95 116 112
score x
GPAy |21 24 3.2 2.7 2.2 2.3 3.8 3.4
3.1 Compute the value of the linear correlation coefficient between
xand y. (5 points)

3.2 State the hypotheses (8 points)
3.3  Find the critical value. (5 points)
34 Compute the test value. ( 10 points)
3.5 Summarize the result and find the regression line if r is Significant?

(5 points)
3.6 Calculate the coefficient of determination? ( 5 points)
3.7 What is the best predicated value of GDA if the test score is 120?

(5 points)

END OF PAPER




APPENDIX I Distribution of ¢

Lecel of sigmificance for une-lailed fest

df .10 05 025 0 o1 .005 .0005

Level of significance for tiwo-tailed lesl

.20 40 .05 .02 .0l -.001
1 3.078 6.314 12.706 J1421 63.657 636.619
2 1.886 2.420 4.303 6.965 9.925 31.508
3 1.638 - 2.35] 3.182 4.511 5.841 12.941
4 1.533 2.132 2.776 3.747 4.604 ° 8.610
5 1.476 2015 2.571 3365 - 4.032 6.854
6 1.440 1.943 2.447 2.143 3.707 5.959
7 1.415 1.895 2.365 2.998 3499 . 5.405
] 1.297 1.860 2.306 2 896 3.355 5.041
y 1.343 1.8331 -9.9G2 2421 3.250 .4.781
10 1.372 1.812 T 29294 2.764 3.169 A.587
11 1.363 1.796 2,201 2718 3.106 4.437
12 1.356 1.782 2,179 2.681 3.055 4318
13 1.250 - 1.771 T 2,160 2.650 .- 3J.012 4.221
14 1.345 1.761 2.145 2.674 2.977 4.140
15 1.341 «4.753 2131 ° 25602 2.947 - 4.073
16 1.337 1.746 2,120 2.583 2,921} . 4.015 .
17 1.333 1.740 2,110°" 2 567 2.898 J3.965
14 1.330 1.734 - 2,101 2.553 2.878 3.922
19 1.328 1.729 2.043 2.53Y 2.861 3.883
20 1.325 1.725 2046 2.524 2. 445 3.850
21 1.323 1.721 2080 ! 2518 2.831 3819
29 1.321 1.717 2.074 2.508 2.419 3.792
23 7 1319 TLT4 2.06Y 2.500 2.807 2.767
24 1.318 1.711 2.064 2.492 2.797 3.745
25 1.316 1.708 2060 | 2.485 9.787 3.725
26 1.315 1.706 2.056 2.479 2.779 3.707
27 1.314 1.703 2.052 2473 2.771 3.690
28 1.313 1.701 2.0:448 2467 2.763 - 3.674
2y 1311 - 6w 2.015 2 460 2756 - . 3.65Y9
30 1.310 1.647 2.042 2.457 2.750 3.646
40 1.303 1.684 2.021 2.423 2.704 3.551
60 1.296 - 1671 ., 2.000 2.390° 2.660 31,460
120 - 1.289 1.658 . l.uso 2.358 2.617 3.373
= 1.282 1.645 1.960 2.326 2.576 3.291

Abridgéd from R. A. Fisher and F. Yaics, Slnli.rliral Tublex for Diological, Agriculiural and Medi-
cal Research, 6th cd. (Londun: Longmman, 1974), tah. 11, Uscd by pcrmission ol_' the authors and

Longman Group Lid. . !
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Chi-square Distribution Table

df. | .995 99 975 .95 9 1 .05 .025 .01
1{ 000 0.00 0.00 000 0.02 2.71 3.84 5.02 6.63
21 001 002 005 010 021 4.61 5.99 7.38 9.21
3¢ 007 011 022 035 0.8 6.25 7.81 935 11.34
4| 021 030 048 0.71 1.06 7.78 949 1114  13.28
5 041 055 08 115 1.61 9.24 11.07 12.83 15.09
6{ 068 087 124 164 220 1064 1259 1445 16.81
7y 099 124 169 217 2.8 1202 1407 16.01 1848
8 134 165 218 273 349 1336 1551 17.53  20.09
9 173 209 270 333 417 1468 1692 19.02 21.67

10 216 256 325 394 487 1599 1831 2048 23.21
11| 260 3.05 3.82 457 558 17.28 19.68 2192 24.72
12y 3.07 357 440 523 630 1855 21.03 2334 26.22
13 357 411 501 589 704 1981 2236 2474 27.69
14| 407 466 563 6.57 7.79 21.06 2368 26.12 29.14
15| 460 523 626 726 855 2231 2500 2749  30.58
16| 514 581 691 796 931 2354 2630 2885 32.00
17| 570 641 756 867 10.09 2477 2759 3019 3341
18| 626 7.01 823 939 108 2599 2887 31.53 34.81
19| 684 763 891 10.12 11.65 2720 30.14 3285 36.19
20 743 826 9.59 10.85 12.44 2841 3141 3417  37.57
22| 864 954 1098 1234 14.04 3081 3392 36.78  40.29
24| 989 1086 1240 1385 1566 33.20 36.42 39.36 42.98
26 | 11.16 1220 13.84 1538 17.29 3556 3889 4192  45.64
28 11246 1356 15.31 1693 18.94 3792 4134 4446  48.28
30 | 13.79 1495 16.79 1849 20.60 4026 43.77 46.98  50.89
32 1 15.13 16.36 18.29 20.07 22.27 42,58 46.19 4948  53.49
34 | 16,50 17.79 19.81 21.66 23.95 4490 4860 51.97 56.06
38 1 19.29 2069 22.88 2488 27.3¢ 4951 5338 5690 61.16
42 | 22.14 23.65 26.00 2814 30.77 54.09 5812 61.78 66.21
46 | 25.04 26.66 29.16 3144 3422 5864 6283 66.62 71.20
50 | 27.99 29.71 3236 34.76 37.69 63.17 6750 7142 76.15
55 [ 31.73 33.57 3640 3896 4206 6880 7331 7738 8229
60 | 35.53 3748 4048 4319 4646 7440 79.08 83.30 88.38
65 | 39.38 4144 44.60 4745 50.88 7997 84.82 89.18 94.42
70 | 43.28 4544 4876 51.74 5533 8553 90.53  95.02 100.43
75 | 47.21 4948 5294 56.05 59.79 91.06 96.22 100.84 106.39
80 | 51.17 53.54 57.15 60.39 64.28 96.58 101.88 106.63 112.33
85 | 55.17 57.63 61.39 64.75 68.78 102.08 107.52 112.39 118.24
90 | 59.20 61.75 65.65 69.13 73.29 107.57 113.15 118.14 124.12
95| 63.25 6590 69.92 73.52 77.82 113.04 11875 123.86 129.97
100 | 67.33 70.06 74.22 77.93 8236 118.50 124.34 129.56 135.81

%
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Appendix V

95th Percentile Values
for the F Distribution
(v degrees of freedom in numerator)
(v, degrees of freedom in denominator)

=2
[

»y 1 2 3 4 5 6 7 8 9 |10 [12 315 | 20 | 24 |{ 30 | 40| 60 | 120 | =

161 | 200 | 216 | 225 | 230 | 234 | 237 | 239 | 241 | 242 | 244 | 246 | 248 | 249 | 250 | 251 | 252 | 253 | 254
18.5119.019.2{19.2|19.3|19.3 |19.4|19.4 19:4119.4 |19.4 19.4119.4119.5|19.5119.5{19.5(19.5|19.5
10.1 (9.55 2_23 9.12{9.01{8.94 {8.89 |8.85|8.81 |8.79 [8.74{8.70 | 8.66 | 8.64 | 8.62 |8.5918.57| 8.55 | 8.53
7.7116.9416.59 |6.39|6.26 | 6.16 {6.09 | 6.04 | 6.00 [ 5.96 | 5.91 | 5.86 | 5.80 | 5.77| 5.75 | 5.72 | 5.69| 5.66 | 5.63
6.6115.79|5.41 15.19)5.05}4.9514.88 14.82(4.77|4.74 |4.68 | 4.62 4%.56 4.53|4.50 | 4.46 44314401437
5.99(5.144.76 1 4.58 | 4.39 | 4.28 | 4.21 [4.15 4.10 | 4.06 [4.00 3.94|3.87 3.843.81|3.77:3.74| 3.70 | 3.67
5.59 | 474 | 4.35|4.12{3.97]3.87 [3.79 |3.73 3.61_8 3.64 |3.5713.51(3.44|3.41|3.38,3.34}3.30}3.27(3.23
5.3214.46 [4.0713.84)3.69|3.58 |3.50 {3.44 3.3:9 3.3513.2813.22(3.15}3.12 3.083.04 |3.01{ 2.97 | 293
5.1214.26 |3.86 [ 3.63 | 3.48 | 3.37 | 3.29 3231318 |3.14 (3.07[3.01|2.94 | 2.90 | 2.86 | 2.83 | 2.79| 2.75 | 2.71
10 |4.96]4.10|3.71 |3.48| 3.33|3.22 3.14 {3.07{3.02 |2.98 |2.91 [ 2.85 | 2.77 [2.74 | 2.70 | 2.66 | 2.62 | 2.58 | 2.54
11 | 4.84{3.98|3.59{3.36}3.20|3.09 |3.01 |2.95|2.90 {2.85 |2.79 | 2.72 | 2.65 {2.61 | 2.57 | 2.53 | 2.49 | 2.45 [2.40
12 [4.75[3.8913.49{3.26}|3.11|3.00 {2.91 {2.85|2.80 | 2.75 {2.69 { 2.62 2.54( 2.51]2.47|2.4312.38{2.34 12.30
13 | 4.67|3.81(3.41|3.18|3.03|2.92|2.83|2.77]|2.71 2.67|2.60|2.53 | 2.46 1 2.42 2.38 | 2.34 | 2.30 | 2.25 | 2.21
14 {4.603.74|3.3413.11|2.96|2.85|2.76 | 2.70 | 2.65 | 2.60 | 2:53 | 2.46 | 2.39 (2.35] 2.31 | 2.27 ] 2.221 2.18 | 2.13
15 | 4.54]3.68(3.293.06|2.90|2.79|2.71 |2.64]2.59 | 2.54 |2.48 | 2.40 | 2.33 [ 2.29 | 2.25 [2.20 | 2.16 | 2.11 | 2.07
16 |4.4913.63(3.24|3.01|2.85|2.742.66 2592541249 |2.42]2.35{2.2812.24)2.19|2.15]2.11|2.06 |2.01 |
17 | 4.45{3.59|3.20 |2.96 | 2.81 | 2.70 | 2.61 | 2.55 | 2.49 | 2.45 [ 2.38 [ 2.31 | 2.23 {2.19|2.15]2.10 | 2.06 | 2.01 | 1.96
18 | 4.413.55(3.16 | 2.93|2.77| 2.66 | 2.58 | 2.51 | 2.46 { 2.41 [2.34 | 2.272.19 |2.15 | 2.11 | 2.06 | 2.02| 1.97 |1.92
19 |4.38{3.52[3.13{2.90|2.74(2.63 | 2.54 [2.48| 242|238 |2.31 |2.23 | 216 |2.11| 2.07 2.0311.9811.931.88
20 {4.35/3.49(3.10287|2.71|2.60 2.5112.45(2.3912.3512.28 |2.20 {2.12 | 2:08 | 2.04,(1.99 (1.95]1.90 }1.84
21 |4.32(3.47|3.07 |2.84|2.68|2.57 |2.49 [2.42|2.37|2.32|2.25|2.18 (2.10 {2.05|2.01 | 1.96{1.92| 1.87 |1.81
22 | 4.30|3.44|3.05)|2.82|2.66|2.55|2.46 |2.40|2.34 | 2.302.23 2.115 2.07|2.0311.98{1.941.89[1.84|1.78
23 14.2813.42(3.03|2.80{2.64|2.53 244 12.37|2.32(2.27 |2.20 |2.13|2.05 |{2.01[1.96|1.91}1.86 l.él 1.76
24 14.26)3.40(3.01 [2.78|2.62|2.51 [2.42 (2.36|2.30 {2.25 [2.18 |2.11 |2.03 |1.98|194|1.89]1.84|1.79 |1.73
25 |4.24(3.39/2.99|2.762.602.49 | 2.40 |2.34|2.28 |2.24 |2.16 | 2.09 [2.01 {1.96|1.92|1.87|1.82|1.77 | 1.71
- 26 | 4.2313.3712.98 |2.74 |2.59 |1 2.47 | 2.39 |2.32 | 2.27 {2.22 | 2,15 }2.07-{1.99 [1.95|1.90 {1.85|1.80 | 1.75 | 1.69
27 14.2113.3512.96|2.73|2.57)2.46|2.37|2.31{2.25/2.20}2.13{2.06 |1.97 |1.93|1.881.84|1.79|1.73 | 1.67
28 14.20(3.3412.95|2.71|2.56|2.45|2.36 |2.29 [2.242.19 |2.12 |2.04 {1.96 (1.91 | 1.87|1.82 1.77|1.71 | 1.65
‘ 29. 4:1813.33|2.93|2.70 |2.55 | 2.43 | 2.35 [ 2.28 [ 2.222.18 {2.10 | 2.03 | 1.94 [1.90 | 1.85 | 1.81 | 1.75| 1.70 [1.64
30 |4.17(8.3212.92|2.69253]2.42123312.27{2.21(2.16[2.0912.01 {1.93|1.89|1.84|1.79|1.74|1.68 |1.62
40 |4.08(3.23|2.84|261{2.45(2.34|2.25[2.182.12]2.08{2.00({1.92{1.84 |1.79(1.74{1.69|1.64|1.58 [1.51
60 |4.00)|3.15(2.76(2.53|2.37|2.25}2.17(2.10(2.04(1.99[1.92{1.84{1.75{1.70{1.65|1.59]1.53|1.47(1.39
120 | 3.92(3.07|2.68|245|2.29(2.18|2.09/2.02|1.96{1.91]1.83/1.75|1.66{1.61|{1.55|1.50|1.43(1.35[1.25
= 3.8413.00|2.60(237]2.21|210}2.01{1.94|1.88{1.83[1.75|1.67{1.57]1.52|1.46{1.39|1.32}1.22 |1.00

o D I R I

w0
)

Source: E. S. Pearson and H. O. Hartley, Biometrika Tables for Statisticians, Vol. 2 (1972), Table 5, page 178, by permission.
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Appendix VI

99th Percentile Values:
for the F Distribution
(v, degrees of freedom in numerator)

(v, degrees of freedom in denominator)
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4052
98.5
34.1
e
21.2
16.3
13.7
12.2
11.3
10.6
10.0
9.65
9.33
9.07
8.86
8.68
8.53
8.40
8.29
8.18
8.10
8.02
7.95
7.88
7.82
777
7.72
7.68
7.64
7.60
.56
7.31
7.08
6.85
6.63

5000
99.0
30.8
18.0
13.3
10.9
9.55
8.65
8.02
7.56
7.21
6.93
6.70
6.51
6.36
6.23
6.11
6.01
5.93
5.85
578
572
5.66
5.61
5.57
5.53
5.49
5.45
5.42
5.39
5.18
4.98
479
4.61

5403
99.2
29.5
T—
16.7
12.1
9.78
8.45
7.59
6.99
6.55
6.22
5.95
5.74
5.56
5.42
5.29
5.19
5.09
5.01
4.94

4.87
482
476
492
4.68
4.64
4.60
4.57
4.54
451
4.31
413
3.95
378

5625
99.2
28.7
16.0
114
9.15
7.85

7.01

6.42
5.99
5.67
5.41
5.21
5.04
4.89
477
46T
4.58
450
443
437
4.31
426
422
418
414
411
4.07
4.04
402
3.83
3.65
3.48
3.32

5764
99.3
28.2
15.5
11.0
8.75
146
6.63
6.06
5.64
5.32

5.06

4.86
4.70
4.56
444
4.34
4.25
417
4.10
4.04
3.99
3.94
3.90

3.86

3.82
3.78
3.75
3.13
3.70
3.51
3.34
3.17
3.02

5859

199.3

27.9
15.2
10.7

-8.47

7.19
6.37
5.80
5.39
5.07
4.82
4,62
4.46
4.32
4.20
4.10
4.01
3.94
3.87
3.81
3.76
3.71

18.67

3.63
3.59

3.56

3.53
3.50
347
3.29
3.12
2.96
2.80

5928
99.4
2.1
15.0
10.5
8.26
6.99
6.18
5.61
5.20
4.89
4.64
4.44
4.28
4.14
4.03
3.93
3.84
3.711
3.70
3.64
3.59
3.54
3.50

346

3.42
3.39
3.36
3.33
3.30
3.12
2.95
2.719
2.64

5981
99.4
21.5
14.8
10.3
8.10
6.84
6.03
5.47
5.06
474
4.50
4.30
414
4.00
3.89
3.79
371
3.63
3.56
3.51
3.45
3.41

3.36

3.32
3.29
3.26
3.23
3.20
3.17
2.99
2.82
2.66
2.51

6023
99.4
27.3
14.7
10.2
7.98
6.72
5.91
5.35
4.94
463
4.39
419
4.03
3.89
3.78
3.68
3.60
3.52
3.46
3.40
3.35
3.30
3.26
3.22
3.18
3.15
3.12
3.09
3.07
2.89
2.72
2.56
2.41

6356
99.4
27.2
145
101
7.87
6.62
5.81
5.26
485
4.54
4.30
4.10
3.94
3.80
3.69
3.59
3.51
3.43
3.37
3.1
3.26
3.21
317
3.13
3.09
3.06
3.03
3.00
2.98
2.80
2.63
2.47
2.32

6106
99.4
27.1
144
9.89
T1.72
6.47
5.67
511
4.7
4.40
4.16
3.96
3.80
3.67
3.55
3.46
3.37
3.30
3.23
317
3.12
3.07
3.03
2.99
2.96
2.93
2.90
2.87
2.84
2.66
2.50
2.34
2.18

6157
99.4
26.9
14.2
9.72
7.56
6.31
5.52
4.96
4.56
425
4.01
3.82
3.66
3.52
3.41
3.31
3.23

3.15

3.09
3.03
2.98
2.93
2.89
2.85
2.82
2.78
2.75

2.73.

2.70
2.52
2.35
219
2.04

6209
99.4
26.7
14.0
9.55
7.40

6.16°

5.36
4.81
441
4.10
3.86

‘3.66

3.51

3.37

3.26

3.16°

3.08
3.00
2.94
2.88
2.83
2.78
2.74
2.70
2.66
2.63
2.60
2.57
2.55

23T

2.20
2.03
1.88

6235
99.5
26.6
13.9
9.47
7.31
6.07
5.28
4.73
4.33
4.02
3.78
3.59
3.43
3.29
3.18
3.08
3.00
2.92
2.86
2.80
2.75
2.70
2.66
2.62
2.58
2.55
2.52
2.49
2.47
2.29
2.12
1.95
1.79

6261
99.5
26.5

138

9.38

7.23

5.99
5.20

4.65

4.25
3.94
3.70
3.51
3.35
3.21
3.10
3.00
2.92
2.84
2.78
2.72

'2.67

2.62
2.58
2.54
2.50
247
244
241
2.39
2.20

2.03]

1.86
1.70

6287
99.5
26.4
13.7
9.29
714
5.91
512
457
417
3.86
3.62
3.43
3.27
313
3.02
2.92
2.84
2.76 .
2.69
2.64
2.58 1
2.54
2.49
2.45
2.42
2.38
2.35
2.33
2.30
211
1.94
1.76
1.59

6313
99.5
26.3
13.7
9.20
7.06
5.82
5.03
4.48
4,08
3.78
3.54
3.34
3.18
3.05
2.93
2.83
2.75
2.67
2.61
2.55
2.50
2.45
2.40
2.36
2.33
2.29
2.26
2.23
2.21
2.02
1.84
1.66
1.47

6339
99.5
26.2
13.6
9.11
6.97
5.74
4.95
4.40
4.00
3.69
3.45
3.25
3.09
2.96
2.84
2.75
2.66
2.58
2.52
2.46
2.40
2.35
2.31
2.27
2.23
2.20
2.17
2.14
2.11
1.92
1.73
1.58
1.32

6366
99.5
26.1
13.5
9.02
6.88
5.65
4.86
4.31
3.91
3.60
3.36
.17
3.00
2.87
2.75
2.65
2.57
2.49
2.42
2.36
2.31
2.26
2.21
2.17
2.13
2.10
2.06
2.03
2.01
1.80
1.60
1.38
1.00

Source: E. S. Pearson and H. O. Hartley, Biometrika Tables for Statisticians, Vol. 2 (1972), Table 5, page 180, by permission. -



