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QUESTION ONE • [ 15 + 6 + 4 marks] 

. 1.1 State the fonnal statement of the Simple Linear Regression Model. Find the point estimators 

of two regression coefficients using Method ofLeast Squares. 

1.2 	 Assume R2 0.822 computed using predictor variable, x and response variable y. Interpret R2. 

What can you say about coefficient ofcorrelation? Explain. 

1.3 	 State the sampling distribution ofregression coefficients, Po and PI . 

QUESTION TWO. [ 2 + 6 + 1+ 5 + 5 + 3 + 3 marks] 

The following output was obtained from running the model, Ii ::::; Po + PI~ + 8j using SPSS: 

ANOVA 

Model Sum of 
Squares df Mean Square F' Sig. 

1 Regression 

Residual 
Total 

26.450 

5.650 

32.100 

1 

8 

9 

26.450 
.706 

37.451 .000 

Coefficients 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 
B Std. Error Beta 

1 Constant 
X 

10.100 

1.150 . 
797 

1.188 .908 

12.668 

6.120 

.000 

.000 

2.1 	 State the fitted regression line. 

2.2 	 Perfonn the F-test and clearly state all the steps from hypotheses to conclusion. 

2.3 	 What is the estimated value ofif ? 

2.4 	 Test Po ::::; 10 against Po> 10 at a::::; 0.05. 

2.5 	 Test PI ::::; 1 against PI =1= 1 at a::::; 0.01 • 

2.6 	 Construct a 90% confidence interval for Po . 

2.7 	 Compute coefficient ofdetennination, R2 and interpret the result. 
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QUESTIQN THREE. 	 [5 + 1 + 4 + 1 + 1 + 4 + 9 marks ] 

3.1 	 Define the Factor Effects Model for two-factor studies. 

3.2 	 Hyperactivity in children usually is treated by counselling, or by drugs, or both. An 
experiment was designed to evaluate the effectiveness of these different treatments. The data 
on the attention span, that is, how long each child was able to concentrate on a specific task 
were collected and analyzed using SPSS. The following ANDV A table is a part of the output 
from that analysis: 

ANOVATABLE 

Source of 
Variation 

Sum of 
Squares df Mean Square F 

Between treatments 
Factor A 
FactorB 
AXB 
Within treatments 
Total 

102.25 
6.125 

78.125 
18.00 

282.00 

3 
1 
1 
1 

31 ,< 

Answer the following questions: 

a. How many children were used in this experiment? 
b. What are the treatments in this experiment? 
c. Which one is the Factor A? 
d. Which one is the Factor B? 
e. Write the completed ANDV A table. 

£ Using 5% level of significance, describe only the decisions and conclusions (based on F­


, test) in terms of: 
(i) 	 the effectiveness of the drug, 
(ii) 	 the effectiveness ofthe counselling, and 
(iii) 	 the effectiveness of the interaction between drug and counselling. 

QUESTION FOUR. 	 [8+4+2+6+ 5 marks] 

The following are the scores that 7 students obtained on the midterm and fmal examinations in a 
statistics course. (Assume that the estimated value of c?- is 29.49) 

Midterm examination 71 49 80 73 93 85 58 
Final examination 83 62 96 77 98 90 78 

4.1 	 Fit the regression line, Yi = /31 + /32~ + ei., to predict a student's fmal examination score on 
the basis ofhislher score on the midterm examination. 

4.2 	 Interpret the estimated values of ~I and ~2' 
4.3 	 What would be the final examination score ofa student who scored 90 in midterm? 

.• ~,"J.-. 

4.4 'Test//32= 1 against /32 < 1 at a = 0.05. 

4.5 ConstI1lct a 95% confidence interval for /32 and interpret the interval. 
-,' 



Page 3 

QUESTION FIVE. 	 [ 10 + 3 + 12 marks] 

5.1 	 State the Cell Means Model for single-factor studies with all its important features. 

5.2 	 The production manager of a car battery manufacturer wants to know whether the three 
machine used for this process (labelled A, B and C) produce equal amounts of rejects. A 
random sample of shifts for each machine was selected and the number of rejects produced 
per shift was recorded as follows: 

Machine A MachineB Machine C 
11 7 14 
9 10 13 
6 8 11 

12 13 16 
14 16 
11 

a. 	 Identify the dependent variable, factor studied and factor levels. 
b. 	 Complete the computation of the ANOVA table and conduct the F test. Clearly state 

all the steps in the test including the conclusion. 
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TABLE A.l Percendles of the t Distribution 

Eolry is I(A; v) where P{t(v) :s teA; v)} - A 

teA; v) 

II 

.60 .70 .80 .as .90 .95 .975" 
1 0.3lS 0.121 1.376 1.963 3.018 
2 0.289 0.617 1.061 1.386 1.886 
3 0.277 0.584 0.978 1.250 1.638 
4 0.271 0.569 0,941 1.190 1.533 
5 0.267 0.559 0.920 I.U6 1.476 

6 0.265 0."3 O.!I06 1.134 1.440 
7 0.263 0.549 0.896 1.119 1.415 
8 0.262 0.546 0.889 1.108 1.397 
9 0.261 0.543 0.883 1.100 1.383 

10 0.260 0.542 0.879 1.093 1.372 

11 0.260 0.540 0.876 1.088 1.363 
12 0.lS9 0.539 0.873 1.083 1.356 
13 0.lS9 0.~137 0.870 1.079 1.350 
14 0.lS8 0.:131 0.868 1.016 1.345 
13 O.lSl 0.536 0.866 1.014 1.341 

16 O.lSl 0.535 D.W 1.011 1.331 
17 0.251 0.534 0.863 1.069 1.333 
18 0.lS7 0.534 0.862 1.061 1.330 
19 0.lS7 0.533 0.861 1.066 1.328 
20 0.251 0.:133 0.860 1.064 l.3lS 

21 0.lS1 0.532 0.859 1.063 1.323 
!2l 0.lS6 0.~132 0.858 1.061 1.321 
23 0.lS6 0.532 0.858 1.060 1.319 
24 0.256 0.531 0.151 1.059 1.311 
2.5 0.lS6 0.'31 0.856 1.051 1.316 

26 0.lS6 0.531 0.856 1.0'8 1.31' 
27 0.256 0.'31 0.85.5 1.0.57 1.314 
28 0.256 0.530 0.1" 1.056 1.313 
29 0.256 0.530 0.854 1.055 1.311 
30 0.256 0.530 0.154 1.055 1.310 

40 0.lS5 0.529 0.851 1.050 1.303 
60 0.lS4 0.527 0.848 1.00 1.296 

120.. 0.254 
0.lS3 

0.526 
0.'24. 

0.845 
0.842 

1.041 
1.036 

1.289 
1.282 

--~- ..........---­

6.314 
2.920 
2.353 
2.132 
2.015 

1.943 
1.89S 
1.860 
1.833 
1.812 

1.796 
1.182 
1.771 
1.161 
1.753 

1.146 
1.140 
1.734 
1.729 
I.m 
1.121 
1.717 
1.114 
1.711 
1.701 

1.106 
1.703 
1.101 
1.699 
1.697 

1.684 
1.611 
1.6'8 
1.64.5 

12.706 
4.303 
3.182 
2.776 
2.571 

2.447 
2.3M 
2.306 
2.262 
2.228 

2.201 
2.179 
2.160 
2.145 
2.13\ 

2.120 
2.110 
2.101 
2.093 
2.086 

2.080 
2.014 
2.069 
2.064 
2.060 

2.056 
2.052 
2.048 
2.045 
2.042 

2.021 
2.000 
1.980 
1.960 
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TABLE A.l (concluded) Percentiles of the t Distribution 

A 

v .98 .985 .99 .9925 .995 .9975 .9995 

I 
2 
3 
4, 

6 
7 
8 
9 

10 

II 
12 
13 
14 
1.5 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
21 
28 
29 
30 

40 
60 

120 ,. 

15.895 
4.849 
3.482 
2.999 
2.751 

2.612 
2.517 
2.449 
2.398 
2.359 

2.328 
2.303 
2.282 
2.264 
2.249 

2.23S 
2.224 
2.214 
2.205 
2.191 

2.189 
2.183 
2.117 
2.172 
2.167 

2.162 
2.158 
2.154 
2.150 
2.147 

2.123 
2.099 
2.016 
2.054 

21.205 
5.643 
3.896 
3.298 
3.003 

2.829 
2.715 
2.634 
2.574 
2.527 

2.491 
2.461 
2.436 
2.415 
2.397 

2.382 
2.368 
2.356 
2.346 
2.336 

2.328 
2.320 
2.313 
2.307 
2.301 

2.296 
2.291 
2.286 
2.282 
2.278 

2.250 
2.223 
2.196 
2.170 

31.821 
6.965 
4.541 
3.747 
3.365 

3.143 
2.998 
2.896 
2.821 
2.764 

2.718 
2.681 
2.650 
2.624 
2.602 

2.583 
2.567 
2.552 
2.539 
2.528 

2.518 
2.508 
2.500 
2.492 
2.485 

2.479 
2.473 
2.467 
2.462 
2.4~7 

2.423 
2.390 
2.358 
2.326 

42.434 
8.073 
5.047 
4.088 
3.634 

3.372 
3.203 
3.085 
2.998 
2.932 

2.879 
2.836 
2.801 
2.771 
2.746 

2.724 
2.796 
2.689 
2.674 
2.661 

2.649 
2.639 
2.629 
2.620 
2.612 

2.605 
2.598 
2.592 
2.586 
2.581 

2.542 
2.504 
2.468 
2.432 

63.657 
9.925 
5.841 
4.604 
4.032 

3.707 
3.499 
3.355 
3.250 
3.169 

3.106 
3.055 
3.012 
2.977 
2.947 

2.921 
2.898 
2.878 
2.861 
2.845 

2.831 
2.819 
2.807 
2.797 
2.787 

2.779 
2.771 
2.763 
2.756 
2.750 

2.704 
2.660. 
2.617 
2.576 

127.322 
14.089 
7.453 
5.598 
4.773 

4.317 
4.029 
3.833 
3.690 
3.581 

3.497 
3.428 
3.372 
3.326 
3.286 

3.252 
3.222 
3.197 
3.174 
3.153 

3.135 
3.119 
3.104 
3.091 
3.078 

3.067 
3.057 
3.047 
3.038 
3.030 

2.971 
2.915 
2.860 
2.807 

636.590 
3U98 
12.924 
8.610 
6.869 

5.959 
M08 
5.041 
4.781 
4.587 

4.437 
4.318 
4.221 
4.140 
4.073 

4.015 
3.965 
3.922 
3.883 
3.849 

3.819 
3.792 
3.168 
3.745 
3.725 

3.707 
3.690 
3.674 
3.659 
3.646 

3.551 
3.460 
3.373 
3.291 
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TABLE A.J Percentiles of the X' Distribution 

" 

I 
2 
3 
4 

.5 
6 
7 
8 
9 

10 
II 
12 
13 
14 

U 
16 
17 
18 
19 

20 
21 
~ 
23 
24 

2' 
26 
27 
28 
29 

30 
40 
$0 
60 

70 
80 
90 

100 

Entry is X'(A; p) where Pfxl(p) :S X'(A; p)} = A 

A I
.00' .010 .on .050 .100 .900 .930 .97' .990 .99' 

0.06 393 0.0'157 0.O'9B2 0.0'393 O.OIJ1B 
0.0100 0.0201 0.OJl06 0.103 0.211 
0.072 O.IIS 0.216 0.352 0.584 
0.207 0.297 0.484 0.711 1.064 

0.412 0 . .5.54 0.831 1.14.5 1.61 
0.676 0.872 1.24 1.64 2.20 
0.989 1.24 1.69 2.11 2.83 
1.34 1.65 2.18 2.73 3.49 
1.73 2.09 2.70 3.33 4.17 

2.16 
2.60 

2.16 
3.0S 

3.25 
3.82 

3.94 
4 • .57 

4.87 
'.58 

3.07 3.$1 4.40 '.23 6.30 
3.Jl7 4.11 JI.OI 5.89 7.04 
4.07 4.66 '.63 6.$1 7.79 

4.60 5.23 6.26 7.26 8.JIS 
S.14 JI.81 6.91 7.96 9.31 
5.70 6.41 7.56 8.67 10.09 
6.26 7.01 8.23 9.39 10.86 
6.84 7.63 8.91 10.12 11.65 

7.43 8.26 9 • .59 10.85 12.44 
8.03 8.90 10.28 11.59 13.24 
8.64 9.'4 10.98 12.34 14.04 
9.26 10.20 11.69 13.09 14.85 
9.89 10.86 12.40 13.8' 15.66 

10.S2 11.52 \l.12 14.61 16.47 
11.16 12.20 13.84 1S.38 17.29 
11.81 12.88 14.$1 16.U 18.11 
12.46 13.'6 1.5.31 16.93 18.94 
13.12 14.26 16.05 17.71 19.77 

13.79 14.9' 16.79 18.49 20.60 
20.71 22.16 24.43 26.51 29.05 
27.99 29.71 32.36 34.76 37.69 
s'sl 37.48 40.48 43.19 46.46 

4'.44 48.76 51.74 55.33 
.53.54 57.1.5 60.39 64.28 
61.7$ 65.65 69.13 73.29 
70.06 74.22 77.93 82.36 

2.71 
4.61 
6.2S 
7.78 

9.24 
10.64 
12.02 
13.36 
14.68 

15.99 
17.28 
18." 
19.81 
21.06 

22.31 
23.54 
24.77 
25.99 
27.20 

28.41 
29.62 
30.81 
32.01 
33.20 

34.38 
3.5.56 
36.74 
37.92 
39.09 

40.26 
'1.81 
63.17 
74.40 

U.S3 
96•.58 

107.6 
118.5 

3.84 
5.99 
7.BI 
9.49 

11.07 
12.Jl9 
14.07 
IS..SI 
16.92 

18.31 
19.68 
21.03 
22.36 
23.68 

n.oo 
26.30 
27.59 
28.87 
30.14 

31.41 
32.67 
33.92 
3.5.17 
36.42 

31.65 
38.89 
40.11 
41.34 
42.56 

43.77 
".76 
67.50 
79.08 

9O.S3 
101.9 
113.1 
124.3 

5.02 
7.38 
9.35 

11.14 

12.83 
14.45 
16.01 
17,53 
19;02 

20.48 
21.92 
23.34 
24.74 
26.12 

27.49 
28.8' 
30.19 
3U3 
32.U 

34.17 
3'.48 
36.78 
38.08 
39.36 

40.6.5 
41.92 
43.19 
44.46 
45.72 

46.98 
59.34 
71.42 
83.30 

95.02 
106.6 
118.1 
129.6 

6.63 
9.21 

11.34 
1l..l8 

1.5.09 
16.81 
18.48 
20.09 
21.67 

23.21 
24.73 
26.22 
27.69 
29.14 

30.58 
32.00 
33.41 
34.81 
36.19 

37.57 
38.93 
40.29 
41.64 
42.98 

44.31 
45.64 
46.96 
48.28 
49.59 

50.89 
63.69 
76.15 
88.38 

100.4 
m.3 
124.1 
m.8 

7.88 
10.60 
12.84 
14.86 

16.7.5 
18.Jl5 
20.28 
21.96 
23.59 

U.19 
26.76 
28.30 
29.82 
31.32 

32.80 
34.27 
35.72 
37.16 
38.SS 

40.00 
41.40 
42.80 
44.IB 
4.5..56 

46.93 
48.29 
49.64 
$0.99 
52.34 

53.67 
66.77 
79.49 
91.9' 

104.2 
1\6.3 
128.3 
140.2 
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TABLE A.4 Percentiles of the F Distribution 

Entry is F(A; v.. 1'2) where P{F(v" 1'2) S F.(A; v" 1'2)} ... A 

Fl.A;\'\.I'!1 

F(A: v •• v,) .~ 

Soulte: RcpriAICd. wllh pennlulon. rrom C. M. 'I1IomplOn•• 'TiIbl. of Pen:ca!q:. Point. or !he Ch...... 
Dlslribu.km." BlomItlrlluJ 12 (1941). pp. 188-89. 

http:Dlslribu.km


TABLE A.4 (cDntlnuetl) Pcm:entilcs of the F Distribution 

Den. 
df If 

I .'0 
.90 
.95 
,915 
.99 
.99S 
.999 

2 	 .50 
.90 
.95 
.975 
.99 
.995 
.999 

3 	 .50 
.90 
.95 
.975 
.99 
.995 
.999 

4 	 .50 
.90 
.95 
.975 
.99 
.99S 
.999 

5 	 .SO 
.90 
.95 

.•975 
.99 
.995 
.999 

6 	 .50 
.90 
.95 
.975 
.99 
.995. 
.999 

7 	 •.50 
.90 
.95 
.915 
~99 
.995 
.999

" 

Numerator df 

I 2 3 4 5 6 7 8 9 

1.00 1.50 1.71 I.B2 1.89 1.94 1.98 2.00 2.03 
39.9 	 49.5 '3.6 55.8 57.2 58.2 58.9 ,59.4 59.9 
161 200 216 225 230 234 237 ~239 241 
648 800 864 900 922 937 948 957 963 

4,052 5,000 5,400 5,625 5,764 5.859 5,928 5.981 6,022 
16,211 20,000 21,615 22,500 23.056 23,437 23.715 23,925 24,091 

405,280 500,000 54O,3BO 562,!J00 576,400 585,940 592,870 S98,I4O 602,280 

0.667 	 1.00 1.13 1.21 1.25 1.28 1.30 1.32 1.33 
8.S3 9.00 9.16 9.24 9.29 9.33 9.3' 9.37 9.38 
18.5 19.0 19.2 19.2 19.3 19.3 19,4 19,4 19.4 
38.5 39.0 39.2 39.2 3!U 39.3 39.4 39.4 39.4 
98.5 	 99.0 99.2 99.2 99.3 99.3 99.4 99.4 99.4 
199 199 199 199 199 199 199 1!i.9 199 

998.5 999.0 999.2 999.2 999.3 999.3 999.4 999.4 999.4 

0.585 0.8&1 1.00 • 1.06 1.10 1.13 l.1S 1.16 1.17 
5.54 5.46 5.39 S.34 5.31 U8 5.27 .5.25 5.24 
10.1 9.SS 9.28 9.12 9.01 8.94 8.89 8.85 8.81 
17,4 16.0 1S,4 IS.I 14.9 14.7 14.6 14.5 14.5 
34.1 30.8 29.' 28.7 28.2 27.9 27.7 27.5 27.3 
55.6 49.8 47.5 46.2 4S.4 44.& 44.4 44.1 43.9 

167.0 148.5 141.1 137.1 134.6 132.8 131.6 130.6 129.9 

0.549 0.828 0.941, 1.00 1.04 1.06 1.08 1.09 1.10 
4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94 
7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 
12.2 10.6 9.98 9.60 9.36 9.20 9.07 8.98 8.90 
21.2 18.0 16.7 16.0 IS.S IS.2 IS.O 14.8 14.7 
31.3 26.3- 24.3 23.2 22.S 22.0 21.6 21.4 21.1 
74.1 61.2 56.2 53.4 Sl.7 SO.S 49.7 49.0 48.S 

0.528 0.799 0.907 0.965 1.00 1.02 1.04 1.05 1.06 
4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32 
6.61 5.79 .5.41 5.19 5.05 4.95 4.88 4.82 4.77 
10.0 8.43 7.76 7.39 7.15 6.98 US 6.76 6.68 
16.3 13.3 12.1 11.4 11.0 10.7 10.5 10.3 10.2 
22.8 IB.3 16.5 15.6 14.9 14.5 14.2 14.0 13.8 
47.2 37.1 33.2 31.1 29.8 28.8 28.2 27.6 27.2 

0.515 0.780 0.886 0.942 0.977 1.00 1.02 1.03 1.04 
3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96 
5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 
8.81 7.26 6.60 6.23 5.99 5.82 5.70 5.60 5.52 
13.7 10.9 9.78 .9.15 8.15 8.47 8.26 8.10 7.98 
18.6 14.5 12.9 12.0, 11.5 11.1 10.8 10.6 10.4 
35.5 27.0 23.7 21.9 20.8 20.0 19.5 19.0 18.7 

0.506 0.767 0.87\ 0.926 0.960 0.983 1.00 1.01 1.02 
3.59 3.26 3.07 2.96 2.B8 2.83 2.78 2.75 2.72 
5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 
8.07 6.54 5.89 5.52 5.29 5.12 4.99 4.90 4.82 
12.2 9.SS 8.45 7.85 7.46 7.19 6.99 6.84 6.72 
\6.2 12.4 10.9 10.1 9.52 9.16 8.89 8.68 8.51 
29.2' 21.7 18.8 17.2 16.2 IS.S 15.0 14.6 14.3 

TABLE A.4 (cDntinued) Percentiles of the F Distribution 

Den. 
df A 

I .'0 
.90 
.9' 
.915 
.99 
.995 
.999 

2 	 .50 
.90 
.95 
.975 
.99 
.99' 
.999 

3 	 .SO 
.90 
.95 
.975 
.99 
.995 
.999 

4 	 .SO 
.90 
.95 
.975 
.99 
.99' 
.999 

5 	 .SO 
.90 
.95 
.975 
.99 
.995 
.999 

6 	 .50 
.90 
.95 
.975 
.99 
.995 
.999 

7 	 .SO 
.90 
.9.5 
.975 
.99 
.995 
.999 

Numerator df 

10 12 15 20 24 30 60 120 a: 

2.04 2.07 2.09 2.12 2.13 2.15 2.182.17 2.20
60.2 60.7 61.2 61.7 62.0 62.3 61.8 63.1 63.3242 244 148246 149 250 2'1 253 254969 977 985 993 997 1,001 1,010 1,014 1,01B

6,056 6,106 6,151 6,"09 6,235 6,261 6.313 6,339 6,366
14.224 24.426 24,630 24,836 24.940 25,044 2.5,153 2$.359 25,464

605.620 610.670 615,760 620,910 613•.500 626.100 631,:!40 633,970 636,620 

1.34 1.36 1.39UN 1.40 1.41 1.43 1.43 1.449.39 9.41 9.42 9.44 9.45 9.47 9.499.46 9.4S
19.4 19.4 19.4 19.4 19.5 19.5 19.5 19.' 19.539.4 39.4 39.4 39.4 39.5 39.5 39.5 39.5 39.599.4 99.4 99.4 99.4 99.5 99.5 99.5 99.5 99.5199 199 199 199 199 199 199 199 200999.4 999.4 999.4 . 999.4 999.5 999.5 999.5 999.5 999.5 

1.18 1.20 1.21 1.23 1.23 US 1.271.14 1..26S.::!) 5.22 5.20 5.IM 5.17 5.145.1 M .5. IS 5.1l8.79 11.74 8.70 8.66 8.64 8.62 8.57 8.55 8.5314.4 14.3 14.3 14.2 14.1 14.1 13.914.0 /J.927.2 27.1 26.9 26.7 26.5 26.226.6 26.3 26.143.7 43.4 43.1 42.8 42.6 42.5 42.1 42.0 41.8129•.2 128.1 127.4 126.4 125.9 125.4 124.0124.5 123.5 

l.ll 1.13 1.l4 1.15 1.16 1.16 1.18 1.18 1.193.92 3.90 3.87 3.B4 3.83 3.82 3.783.79 3.765.96 '.91 5.86 5.80 5.77 5.75 5.69 5.66 5.63U4 8.75 B.66 8.56 8.51 8.46 8.36 8.31 8.2614.5 14.4 14.2 14.0 13.9 13.8 13.7 D.6 1l.521.0 20.7 20.4 20.2 20.0 19.6 19.319.9 19.5
48.1 47.4 46.8 45.8 44.746.1 43.4 44.4 44.1 

1.07 1.09 1.10 1.11 1.12 1.12 1.14 1.14 1.I3.30 3.27 3.24 3.21 3.17 3.123.19 3.14 3.114.74 4.68 4.62 4.56 4.53 4.50 4.43 4.40 4.376.62 6.52 6.43 6.]) 6.28 6.23 6.12 6.07 6.0210.1 9.89 9.72 9.55 9.47 9.20 9.029.38 9.11
13.6 13.4 13.1 12.9 12.8 12.7 12.4 12.3 12.126.9 26.4 25.9 25.4 25.1 24.~ 24.3 24.1 23. 

'1.0' 1.06 1.07 1.08 1.09 LIO 1.11 1.12 1.122.94 2.90 2.87 2.84 2.82 2.80 2.76 2.74 2.724.06 4.00 3.94 3.87 3.84 3.743.81 3.70 3.675.46 '.37 5.27 5.17 5.12 5.07 4.96 . 4.90 4.857.87 7.72 7.56 < 7.40 7.31 7.23 7.06 6.97 6.8810.2 10.0 9.81 9.59 9.47 9.129.36 9.00 8.8818.4 18.0 17.6 17.1 16.9 16.7 16.2 16.0 15.7 

1.03 1.04 1.05 1.07 1.07 1.091.08 1.102.70 2.67 2.63 2.59 2 . .58 2.56 2.51 
1.10 

2.49 2.473.64 3.57 3.51 3.44 3;383.41 3.30 3.27 3.234.76 4.67 4.57 4.47 4.42 4.36 4.25 4.20 4.146.62 6.47 6.31 6.16 6.07 ,5.99 5.82 5.74 5.658.38 8.18 7.97 7.75 7.65 7.53 7.31 7.19 7.0814.1 13.7 13.3 12.9 12.7 U.S 11.912.1 11.7 

l1J2 
1l3J 



... 

TABLE A.4 (continued) Percentiles of the F DistributionTABLE A.4 (continued) Percentiles of the F Distribution 

Dcn. 
df 4 

Numerator df 

I 2 3 4 5 6 7 8 9 

8 .50 
.90 
.95 
.975 
.99 
.995 
.9.99 

9 .50 
.90 
.95 
.975 
.99 
.995 
.999 

10 .50 
.90 
.95 
.975 
.99 
.995 
.999 

12 .50 
.90 
.95 
.975 
.99 
.995 
.999 

U .50 
.90 
.95 
.975 
.99 
.995 
.999 

20 .50 
.90 
.95 
.975 
.99 
.995 
.999 

24 .50 
.90 
.95 
.975 
.99 

.•995 
.999 

0.499 
3.46 
5.32 
7.57 
11.3 
14.7 
25.4 

0.494 
3.36 
5.12 
7.21 
10.6 
\3.6 
2;1.9 

0.490 
3.29 
4.96 
6.94 
10.0 
12.8 
21.0 

0.484 
3.18 
4.75 
6.55 
9.33 
11.8 
18.6 

0.478 
3.07 
4.54 
6.20 
8.68 
10.8 
16.6 

0.472 
2.97 
4.35 
5.87 
8.10 
9.94 
14.8 

0.469 
2.93 
4.26 
5.72 
7.82 
9.55 
14.0 

0.757 
3.11 
4.46 
6.06 
8.65 
11.0 
IB.5 

0.749 
3.01 
4.26 
5.71 
B.02 
10.1 
16.4 

0.743 
2.92 
4.10 
5.46 
7.56 
9.43 
14.9 

0.735 
2.BI 
3.89 
5.10 
6.93 
8.51 
13.0 

0.726 
2.70 
3.68 
4.77 
6.36 
7.70 
11.3 

0.718 
2.59 
3.49 
4.46 
5.85 
li.99 
9.95 

0.714 
2.54 
3.40 
4.32 
5.61 
6.66 
9.34 

0.860 
2.92 
4.07 
5.42 
7.59 
9.60 
15.8 

0.B52 
2.81 
3.86 
5.08 
6.99 
8.72 
13.9 

0.845 
2.73 
3.71 
4.83 
6.55 
8.08 
12.6 

0.835 
2.61 
3.49 
4.47 
5.95 
7.23 
10.8 

0.826 
2.49 
3.29 
4.15 
5.42 
6.48 
9.34 

0.816 
2.38 
3.10 
3.86 
4.94 
5.82 
8.10 

0.812 
2.ll 
3.01 
3.72 
4.72 
5.52 
7.55 

0.915 0.948 
2.81 2.73 
3.84 3.69 
5.05 4.82 
7.01 6.63 
8.81 8.30 
14.4 \3.5 

0.906 0.939 
2.69 2.61 
3.63 3.48 
4.72 4.48 
6.42 6.06 
7.96 7.47 
12.6 11.7 

0.899 0.932 
2.61 2.52 
3.48 3.ll 
4.47 4.24 
5.99 5.64 
7.34 6.87 
11.3 10.5 

0.888 0.921 
2.48 2.39 
3.26 3.11 
4.12 3.89 
5.41 5.06 
6.51 6.07 
9.63 8.89 

0.878 0.911 
2.36 2.27 
3.06 2.90 
3.80 3.58 
4.89 4.56 
5.S0 5.37 
8.25 7.57 

0.868 0.900 
2.25 2.16 
2.87 2.71 
3.51 3.29 
4.43 4.10 
5.17 4.76 
7.10 6.46 

0.863 0.895 
2.19 2.10 
2.78 2.62 
3.38 3.15 
4.22 3.90 
4.89 4.49 
6.59 5.98 

0.971 
2.67 
3.58 
4.65 
6.37 
7.95 
12.9 

0.962 
2.55 
3.37 
4.32 
5.80 
7.13 
11.1 

0.954 
2.46 
3.22 
4.07 
5.39 
6.54 
9.93 

0.943 
2.33 
3.00 
3.7l 
4.82 
5.76 
8.38 

0.933 
2.21 
2.79 
3.41 
4.32 
5.07 
7.09 

0.922 
2.09 
2.60 
3.13 
3.87 
4.47 
6.02 

0.917 
2.04 
2.51 
2.99 
3.67 
4.20 
5.55 

0.988 
2.62 
3.50 
4.53 
6.18 
7.69 
12.4 

0.978 
2.51 
3.29 
4.20 
HI 
6.88 
10.7 

0.971 
2.41 
3.14 
3.95 
5.20 
6.30 
9.52 

0.959 
2.28 
2.91 
3.61 
4.64 
5.52 
8.00 

0.949 
2.16 
2.71 
3.29 
4.14 
4.85 
6.74 

0.938 
2.04 
2.51 
3.01 
3.70 
4.26 
5.69 

0.932 
1.98 
2.42 
2.S7 
3.50 
3.99 
5.23 

1.00 
2.59 
3.44 
4.43 
6.03 
7.50 
12.0 

0.990 
2.47 
3.23 
4.10 
5.47 
6.69 
10.4 

0.983 
2.38 
3.07 
3.85 
5.06 
6.12 
9.20 

0.972 
2.24 
2.85 
3.51 
4.50 
5.35 
7.71 

0.960 
2.12 
2.64 
3.20 
4.00 
4.67 
6.47 

0.950 
2.00 
2.45 
2.91 
3.56 
4.09 
5.44 

0.944 
1.94 
2.36 
2.78 
3.36 
3.83 
4.99 

1.01 
2.56 
3.39 
4.36 
!I.91 
7.34 
11.8 

1.00 
2.44 
3.18 
4.03 
5.35 
6.54 
10.1 

0.992 
2.35 
3.02 
3.78 
4.94 
B7 
8.96 

0.981 
2.21 
2.80 
3.44 
4.39 
5.20 
7.48 

0.970 
2.09 
2.59 
3.12 
3.89 
4.54 
6.26 

0.959 
1.96 
2.39 
2.84 
3.46 
3.96 
5.24 

0.953 
1.91 
2.30 
2.70 
3.26 
3.69 
4.BO 

Dcn. 
df A 

Numerator df 

10 12 15 20 24 30 60 120 co 

8 .50 1.02 1.03 1.04 1.05 1.06 1.07 1.08 1.08 1.09 
.90 2.54 2.50 2.46 2.42 2.40 2.38 2.34 2.32 2.29 
.95 3.35 3.28 3.22 3.15 3.12 3.08 3.01 2.97 2.93 
.975 4.30 4.20 4.10 4.00 3.95 3.89 3.78 3.73 3.67 
.99 HI 5.67 5.52 5.36 5.28 5.20 5.0] 4.95 4.86 
.995 7.21 7.01 6.81 6.61 6.50 6.40 6.18 6.06 5.95 
.999 11.5 11.2 10.8 10.5 10.3 10.1 9.73 9.53 9.3] 

9 .50 1.01 1.02 1.0] 1.04 1.05 .1.05 1.07 1.07 1.08 
.90 2.42 2.38 2.34 2.30 2.28 2.25 2.21 2.18 2.16 
.95 3.14 3.07 3.01 2.94 2.90 . 2.86 2.79 2.75 2.71 
.975 3.96 3.87 3.77 3.67 3.61 3.56 3.45 3.39 3.33 

, .99 5.26 5.11 4.96 4.81 4.73 4.65 4.48 4.40 4.31 
.995 6.42 6.23 6.03 5.83 5.73 5.62 HI 5.30 5.19 
.999 9.89 9.57 9·.24 8.90 8.72 8.55 8.19 8.00 7.81 

10 .50 1.00 1.01 1.02 1.03 1.04 1.05 1.06 1.06 1.07 
.90 2.32 2.28 2.24 2.20 2.18 2.16 2.11 2.08 2.06 
.95 2.98 2.91 2.84 2.77 2.74 2.70 2.62 2.58 2.54 
.975 3.72 3.62 3.52 ].42 3.37 ].]1 3.20 3.14 3.08 
.99 4.85 4.71 4.56 4.41 4.33 4.25 4.08 4.00 3.91 
.995 5.85 5.66 5.47 5.27 5.17 5.07 4.86 4.75 4.64 
.999 8.15 ' 8.45 8.13 7.80 7.64 7.47 7.12 6.94 6.76 

12 .50 0.989 1.00 1.01 1.02 1.03 1.03 1.05 1.05 1.06 
.90 2.19 2.15 2.10 2.06 2.04 2.01 1.96 1.93 1.90 
.95 2.75 2.69 2.62 2.54 2.51 2.47 2.38 2.34 2.30 
.975 3.37 3.28 3.18 3.07 3.02 2.96 2.85 2.79 2.72 
.99 4.30 4.16 4.01 3.86 3.78 3.70 3.54 3.45 3.36 
.995 5.09 4.91 4.72 4.53 4.43 4.33 4.12 4.01 3.90 
.999 7.29 7.00 6.71 6.40 6.25 6.09 5.76 5.59 5.42 

15 .50 0.977 0.989 1.00 1.01 1.02 1.02 1.03 1.04 1.05 
.90 2.06 2.02 1.97 1.92 1.90 1.87 1.82 1.79 1.76 
.95 2.54 2.48 2.40 2.33 2.29 2.25 2.16 '2.11 2.07 
.975 3.06 2.96 2.86 2.76 2.70 2.64 2.52 2.46 2.40 
.99 3.80 3.67 3.52 3.37 3.29 3.21 3.05 2.96 2.S7 
.995 4.42 4.25 4.07 3.88 3.79 3.69 3.48 3.37 3.26 
.999 6.08 5.81 5.54 5.15 5.10 4.95 4;64 4.48 4.31 

20 .50 . 0.966 0.977 0.989 1.00 1.01 1.01 1.02 1.03 1.03 
.90 1.94 1.89 1.84 1.79 1.77 1.74 1.68 1.64 1.61 
.95 2.35 2.28 2.20 2.12 2.08 . 2.04 1.95 1.90 . 1.84 
.975 2.77 2.68 2.57 2.46 2.41 1.35 2.22 2.16 2.09 
.99 3.37 3.23 3.p9 2.94 2.86 2.78 2.61 2.52 2.42 
.995 3.85 3.68 3.50 3.32 3.22 3.12 2.92 2.81 2.69 
.999 5.08 4.82 4.56 4.29 4.15 4.00 3.10 3.54 3.38 

24 .50 0.961 0.972 0.983 0.994 1.00 1.01 1.02 1.02 1.03 
.90 1.88 1.83 1.78 1.73 1.70 1.67 1.61 1.57 1.53 
.95 2.25 2.18 2.11 2.03 1.98 1.94 1.84 1.79 1.73 
.975 2.64 2.54 2.44 2.33 2.27 2.21 2.08 2.01 1.94 
.99 3.17 3.03 2.89 2.74 2.66 2:58 2.40 2.31 2.21 
.995 3.59 3.42 3.25 3.06 2.97 2.87 2.66 2.55 2.43 
.999 4.64 4.39 4.14 3.87 3.74 3.59 3.29 3.14, 2.97 
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TABLE A." (continued) Percentiles of the F Distribution 
TABLE A.4 (concluded) Percentiles of the F Distribution 

I 
I 

,1 ~ 

"j 

Den. 
d( A 

Numerator d( 

I 2 3 4 5 6 7 8 9 

30 .50 0.466 0.709 0.807 0.858 0.890 0.912 0.927 0.939 0.948 
.90 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85 
.95 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21 
.975 5.57 4.18 3.59 3.25 3.03 2.87 2.75 2.65 2.57 
.99 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07 
.995 9.18 6.35 5.24 4.62 4.23 3.95 3.74 3.58 3.45 
.999 13.3 8.77 7.05 6.12 5.53 5.12 4.82 4.58 4.39 

60 .50 0.461 0.701 0.798 0.849 0.880 0.901 0.917 0.928 0.937 
.90 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74 
.95 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 ,2.04 
.975 5.29 3.93 3.34 3.01 2.79 2.63 2.51 2.41 2.33 
.99 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72 
.995 8.49 5.80 4.73 • 4.14 3.76 3.49 3.29 3.13 3.01 
.999 12.0 7.77 6.17 5.31 4.76 4.37 4.09 3.86 3.69 

120.50 0.458 0.697 0.793 0.844 0.875 0.896 0.912 0.923 0.932 
.90 2.75 2.35 2.13 1.99 1.90 1.82 1.77 1.72 1.68 
.95 3.92 3.07 2.68 2.45 2.29 2.18 2.09 2.02 1.96 
.975 5.15 3.80 3.23 2.89 2.67 2.52 2.39 2.30 2.22 
.99 6.85 4.79 3.95 3.48 3.17 2.96 2.79 2.66 2.56 
.995 8.18 5.54 4.50 3.92 3.55 3.28 3.09 2.93 2.8\ 
.999 11.4 7.32 5.78 4.95 4.42 4.04 3.71 3.55 3.38 

00 .50 0.455 0.693 0.789 0.839 0.870 0.891 0.907 0.918 0.927 
.90 2.71 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.63 
.95 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88 
.975 5.02 3.69 3.12 2.79 2.57 2.41 2.29 2.19 2.11 
.99 6.63 4.61 3.78 3.32 3.02 2.80 2.64 2.51 2.41 
.995 7.88 5.30 4.28 3.72 3.35 3.09 2.90 2.74 2.62 
.999 10.8 6.91 5.42 4.62 4.10 3.74 3.47 3.27 3.10 

N urnerator d( ! 
Den. 
d( ·1 10 12 15 20 24 30 60 120 00 

30 .50 
.90 
.95 
.975 
.99 
.995 
.999 

0.955 
1.82 
2.16 
2.51 
2.98 
3.34 
4.24 

0.966 
1.77 
2.09 
2.41 
2.84 
3.18 
4.00 

0.978 
1.72 
2.01 
2.31 
2.70 
3.01 
3.75 

0.989 
1.67 
1.93 
2.20 
2.55 
2.82 
3.49 

0.994 
1.64 
1.89 
2.14 
2.47 
2.73 
3.36 

1.00 
1.61 
1.84 
2.07 
2.39 
2.63 
3.22 

1.01 
1.54 
1.74 
1.94 
2.21 
2.42 
2.92 

1.02 
1.50 
1.68 
1.87 
2.11 
2.30 
2.76 

1.02 
1.46 
1.62 
1.79 
2.01 
2.18 
2.59 

60 .50 
.90 
.95 
.975 
.99 
.995 
.999 

0.945 
1.71 
1.99 
2.27 
2.63 
2.90 
3.54 

0.956 
1.66 
1.92 
2.17 
2.50 
2.74 
3.32 

0.967 
1.60 
1.84 
2.06 
2.35' 
2.57 
3.08 

0.978 
1.54 
1.75 
1.94 . 
2.20 
2.39 
2.83 

0.983 
1.51 
1.70 
1.88 
2.12 
2.29 
2.69 

0:989 
1.48 
1.65 
1.82 
2.03 
2.19 
2.55 

1.00 
1.40 
1.53 
1.67 
1.84 
1.96 
2.25 

1.01 
1.35 
1.47 
l.58 
1.73 
1.83 
2.08 

1.01 
1.29 
1.39 
1.48 
1.60 
1.69 
1.89 

120.50 
.90 
.95 
.975 
.99 
.995 
.999 

0.939 
1.65 
1.91 
2.16 
2.47 
2.71 
3.24 

0.950 
1.60 
1.83 
2.p5 
2.34 
2.54 
3.02 

0.961 
1.55 
1.75 
1.95 
2.19 
2.37 
2.78 

0.972 
1.48 
1.66 
1.82 
2.03 
2.19 
2.53 

0.978 
1.45 
1.61 
1.76 
1.95 
2.09 
2.40 

0.983 
1.41 
1.55 
1.69 
1.86 
1.98 
2.26 

0.994 
1.32 
1.43 
1.53 
1.66 
1.75 . 
1.95 

1.00 
1.26 
1.35 
1.43 
1.53 
1.61 
1.77 

1.01 
1.19 
1.25 
1.31 
1.38 
1.43 
1.54 

00 .50 
.90 
.95 
.975 
.99 
.995 
.999 

0.934 0.945 
1.60 1.55 
1.83 • 1.75 
2.05 1.94 
2.32 2.18 
2.52 2.36 
2.96 2.74 

0.956 
1.49 
1.67 
1.83 
2.04 
2.19 
2.51 

0.967 
1.42 
1.57 
1.71 
1.88 
2.00 
2.27 

0.972 
1.38 
1.52 
1.64 
1.79 
1.90 
2.13 

0.978 
1.34 
1.46 
U7 
1.70 
1.79 
1.99 

0.989 
1.24 
1.32 
1.39 
1.47 
1.53 
1.66 

0.994 
. 1.17 

1.22 
1.27 
1.32 
1.36 
1.45 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Source: Reprinted from Table S of Pearson and Hartley. Biomelrikll Tabl•• for SIIJrIJllcillJt•• Volume 2. 1972. pub­
lished by the Cambridge University Press, on behalf of The Biometrika Society. by permission of the authors and pub­

lishers. 
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