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QUESTION ONE. .[4+7+14marks] 

1.1 	 State the Simple Linear Regression Model. 

1.2 	 Discuss the important features ofthe Simple Linear Regression Model. 

1.3 	 Find the point estimators of Po and PI using Method ofLeast Squares. 

QUESTION TWO. [8+4+4+4+5marks] 

Consider the following table: 

Variable Y 	 Variable X 
12 
13 
13 
14 
15 
15 
14 
16 
17 
18 

2 
2 
3 
3 
4 
4 
5 
5 
6 
6 

a. Fit the regression line, Yi =Po + PIXj. 
b. Interpret the estimated values of Po and PI. 
c. Estimate cl-. 
d. Construct a 90% confidence interval for PI. 
e. Test PI = 0 against A'f 0 at 5% level of significance. 

QUESTION THREE. 	 [6+ 15 +4 marks] 

A cereal company wished to test four different package designs for a new breakfast cereal. Ten 
stores, with approximately equal sales volumes, were selected as the experimental units. Each 
store was randomly assigned one of the package designs, with two of the package designs 
assigned to three stores each and the other two designs to two stores each. Sales, in number of 
cases, were observed for the study period, and the results are recorded in the following table: 

Store 

Package Design 1 2 3 

1 12 18 

2 14 12 13 

3 19 17 21 

4 24 30 

3.1 	 Identify the dependent variable, factor studied and factor levels. 

3.2 	 Complete the computation of the ANOVA table and conduct the F test. Clearly state all 
the steps in the test including the conclusion 

3.3 	 Which package design would you prefer? Explain. 
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QUESTION THREE. 	 [5+2+1+1+4+4+4+4 marks] 

The castle Bakery Company supplies wrapped Italian bread to a large number of supermarkets in a 
city. An experimental study was made of the effects of height of the self display (bottom, middle, 
top) and width of the self display (regular, wide) on sales of this bakery's bread during the 
experimental period. Twelve supermarkets, similar in terms of sales and clientele, were utilized in 
the study. The six treatments were assigned at random to two stores and the display of the bread in 
each store followed the treatment specifications for that store. The sales (number of cases) of the 
bread were recorded. The data was analyzed using SPSS. The following ANOV 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 

-
1544 

12 
24 
62 

1642 

-
2 
1 
-
-
-

-
-
-
-
-

-
-
-
-
-

i 

Answer the following questions: 

a Complete the ANOV A Table. 
b. 	 What are the treatments in this experiment? 
c. 	 Which one is the Factor A? 
d. 	 Which one is the Factor B? 
e. 	 Use 5% level of significance for the following test: [provide only the value ofthe Test Statistic, 

Table value, Decision and Conclusion] 

1. 	 Do the data provide sufficient evidence to indicate a difference in the mean sale for the 
three display height? 

11. 	 Is there evidence to indicate a difference in mean sale for the two display width? 
111. 	 Is there any evidence to indicate a significant effect due to interaction between display 

height and display width? 
iv. 	 Do the data provide sufficient evidence to indicate a difference in the mean sale for the 

six treatments? 
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QUESTION FIVE. [2+3 +6+7+7 marks] 

A study is conducted on n = 10 plots that had been fertilized in varying degrees to observed the 
changes in the yield of corn. The following results were obtained from running the regression 
model, Yi = /30 + /31~ + ej using the study data: 

ANOVA 

Model I Sum of 
Squares df Mean SQuare F 

1 Regression 

Residual 

Total 

964.587 
5221.413 

8186.000 

1 
8 
9 

964.587 
652.677 

1.478 

Coefficients 

Unstandardized Standardized I 
Coefficients Coefficients ! 

Model B Std. Error Beta 
1 Constant 10.115 3.108 

x 2.784 1.926 .602 

5.1 Identify the dependent variable and independent variable. 

5.2 State the fitted regression line. 

5.3 Perform the F-test and clearly state the hypotheses and conclusion. 

5.4 Test /30= 10 against /30 =1= 10 at a =0.05 . 

5.5 Test /31= 3 against /3) > 3 at a = 0.01 . 
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TABLE A.2 Percentiles of tM t Dislributlou 

Enery is 1(A: v) when! P{t(lI) so I(A; J')} - A 

t(Ai II) 

A 

.60 .70 .10 .15 .90 .9' .975 


TABLE A.l (concluded) Percentiles of the t Distribution _. r---' 

-_._- ;I 

If .98 .985 .99 .992:1 .995 .9975 .9995 
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0.265 
0.263 
0.lI2 
O.lIl 
0.260 

0.260 
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0.258 
tl.2.51 
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1.014 
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1.067 
1.0611 
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1.063 
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1.1)j9 
1.05B 
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1.05.5 
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1.041 
1.041 
1.036 
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U33 
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1.440 
1.41.5 
1.397 
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1.17l 

1.3111 
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1.3.50 
1.34.5 
1.341 

1.131 
I.JU 
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1.128 
1.31' 

1.321 
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1.316 

1.31.5 
1.314 
1.313 
1.311 
1.310 

I.JOl 
1.296 
1.119 
1.212 

6.114 
2.920 
un 
1.III 

2.015 

1.943 
1.89.5 
1.160 
1.B1l 
1.112 

1.796 
1.781 
1.771 
1.761 
1.1ll 

1.746 
1.740 
\.134 
1.729 
1.7l' 

1.7l1 
1.717 
1.714 
1.711 
1.708 

1.706 
1.70) 
1.101 
1.699 
1.691 

1.614 
1.1171 
I.M8 
I.M' 

12.706 
4.303 
3.112 
2.776 
2.nl 

2.447 
2.1M 
1.306 
2.262 
2.228 

1.201 
2.179 
2.160 
2.14' 
2.131 

2.120 
2.110 
2.101 
2.09' 
2.016 

2.080 
2.074 
2.069 
2.D64 
2.060 

2.0.56 
2.0.52 
2.048 
2.04.5 
2.1:142 

1.021 
2.000 
1.980 
1.960 

I 

2 

l 
4 

5 


6 

7 

8 

9 


10 


1\ 
12 

Il 
14 

Il 

16 

17 

II 

19 

20 


2\ 

22 

23 

24 


2' 

26 

27 

28 

29 

10 


40 

60 


120 


U.8'.!S 
4.849 
1.4B2 
2.999 
2.751 

2.612 
2.JI1 
2.449 
2.39. 
2.J59 

2.]28 
1.10) 
2.282 
2.264 
2.249 

2.235 
2.224 
2.214 
2.205 
2.197 

2.189 
2.111 
2.177 
2.112 
2.161 

2.162 
1.1!18 
2.1:14 
2. ISO 
2.141 

2.113 
2.099 
2.076 
2.054 

21.205 
5.643 
].896 
].298 
3.003 

2.829 
2.71S 
2.634 
2.574 
21m 

2.491 
2.461 
2.436 
2.415 
2.J97 

2.J82 
2.36& 
2.lS6 
2.146 
2.l36 

2.l2B 
2.no 
Ull 
2.307 
2.301 

2.296 
2.291 
2.286 
2.282 
2.278 

2.250 
2.22] 
2.196 

2170 


_._-----
ll.821 42.434 
6.965 8.073 
4.541 5.041 
],741 4.088 
3.]65 3.634 

3.141 un 
2.998 1.20) 
2.896 3.085 
2.821 2.998 
2.764 2.932 

UIB 2.819 
2.681 2.836 
2.650 2.801 
2.624 2.711 
2.601 2.146 

2.5&3 Z.124 
2.567 2.1(l6 
2.552 2.689 
2.5J9 2.614 
U28 2.661 

2.518 2.649 
2.508 2.619 
UOO 2.629 
2.492 2.620 
2.485 2.612 

2.479 2.605 
1.<11] '!.:I9B 
2.461 2.592 
2.462 2.586 
2Ap 2,m 

2,41] 2.:542 
2.190 1.$04 
1.358 2.468 
2.326 2.4)2 

6).657 
9.925 
5.841 
4.604 
4.032 

J.71}7 
1.499 
U5S 
3.2:10 
1.169 

3.106 
].055 
3.012 
2.911 
2.947 

2.921 
2.898 
2.878 
2.&61 
2.845 

2.Bl\ 
2.819 
2.807 
1.197 
2.181 

2.719 
2.171 
2.16] 
2.756 
2.150 

2.704 
1.660 
2.611 
2.!l16 

127.322 63iU90 
14.089 	 JU98 
7.45] 12.924 
U98 11.610 
4.713 6.869 

4.111 '.9'9 
4.029 5.408 
3.83J 5.041 
).690 4.111 
1.581 4.587 

3.497 4.437 
J.428 4.3\1 
3.372 4.221 
1.J26 4.140 
l.286 4.07] 

1.252 4.015 
3.222 1.96' 
3.191 ).922 
3.114 l.Ul 
1.m 1.849 

J.ll' 3.819 
).J19 1.192 
1.104 1.168 
3.091 3.745 
1.078 1.125 

1.061 1.101 
3.057 3.690 
1.041 1.614 
3.018 u.s!! 
3.030 3.646 

2.1n! 1.~13t 
2.913 1.460 
2.860 1.371 
2.807 3.291 



TABLE A.3 Percentile.'! of rhe Xl Distribution TABLE A.4 Percentiles of the F Distribution 
Entry is Xl(A; v) where Ptx1{v) s X1(A; II» .. A 

Entry is F(A; II" Pj) where P(F(v,. v..) ,,;; F.(A; 1'1. Pj» '" A 

X'(A;s» 

.. 
A 

.00.1 .010 .02$ .0$0 .100 .900 ,950 .'iI7.1 .990 .99.1 

1 0.0')93 0.0·U1 0.0'982 0.0'193 O.OUI 2.11 1.84 5.02 11.63 7.88 
2 D.OIOO 0.0201 O.OJOll 0.103 0.211 4.61 '-99 7.18 9.21 10.60 
3 0.071 0.11l 0.216 O.lll 0.'84 6.2.1 7.81 9.1' 11.14 12.84 
4 0.201 0.297 0.484 0.711 1.064 7.78 9.49 11.14 11.21 14.86 

5 0.412 0.'34 0.831 1.14' 1.61 9.24 11.07 12.83 15.09 16.1.5 
6 0.676 o.a72 1.24 1.64 2.20 10.64 12J9 14.45 16.81 IB.SS 
1 0.989 1.14 1.6, 2.17 2.1l 12.02 14.07 16.01 18.48 20.21 
8, 1.14 1.65 2.18 2.7] 3.49 

I.1l 2.09 2.70 3.l) 4.17 
1l.l6 
14.68 

lUI 
16.92 

11.') 
19.02 

20.09 21.911 
11.61 13.59 

10 2.16 2..16 1.2.1 ).94 4.87 U." lUI 20.48 13.21 IS.19 
II 2.60 1.0" J.82 4.S7 US 17.28 19.68 21.92 24.7) 26.711 
11 3.07 3.57 4.40 5.2) 6.30 I8..1S 21.0) 13.14 26.21 28.30 
Il U7 4.11 5.01 5.89 1.04 19.81 22.311 24.74 27." 29.82 
14 4.07 4.l1li 5.61 6.$7 7.79 21.06 13.68 16.12 29.14 31.]1 

Il 4.60 '.13 6.26 7.26 8." 11.)1 25.00 27.49 10.'8 )2.80 
16 '.14 .$.81 11.91 7.96 9.11 21.14 26.30 18.8J 31.00 14.27 
11 '-10 6.41 7.'11 8.67 10.09 24.n 17.59 30." 33.41 ]'.71 
II 6.26 7.01 8.ll 9.J9 10.811 15.99 2U7 3U3 lUI 31.111 
19 6.84 7.63 8.91 10.11 11.6' 17.20 30.14 '31.85 36.19 31.58 

10 7.43 8.26 9 • .19 10.8" n.44 lUI 31.41 34.17 37•.17 40.00 
21 1.03 8.90 10.28 11 •.19 11.24 29.61 12.117 1.1.48 lB.93 41.40 
22 8.64 9.~ 10.98 12.14 14.04 lUI 11.92 36.7' 40.29 42.80 
13 9.26 10.20 11.69 13.09 14.U 32.0\ 3.1.17 38.08 41.64 44.11 
24 9.89 lo.a6 11.40 Il.U 1$.116 lUO 36.42 39.36 42.98 4U6 

25 10."2 1l.$2 1l.12 14.61 111.47 14.38 37.11.1 4O.6J 44.31 46.93 
26 11.16 12.10 U.84 n.38 17.29 3.1.J6 38.19 41.92 45.64 48.29 
27 1..11 II.II 14.n 16.U lUI 36.74 40.11 43.19 46.!III 49.64 
18 12.46 lUll U.J1 16.9] 11.94 37.91 41.34 44.46 48.28 .50.99 
29 13.12 14.26 111.0.1 17.71 19.17 39.09 42..16 4.1.71 49 • .19 $1.14 

30 13.79 14.95 16.79 18.49 10.60 40.26 43.77 46.98 50.89 '3.67 
40 20.71 22.16 24.41 26." 29.0' 'UI SS.76 .5'U4 111.69 66.77 
SO .99 29.71 31.36 34.76 17.69 63.17 6UO 71.42 76.U 79.49 
60 'Jl 31.48 40.41 43.19' 46.46 74.40 79.08 8J.]0 81.18 9l.U 

70 4.5.44 48.16 .n.74 .1S.l1 as.'l 90 . .13 9$.02 100.4 104.2 
80 .51.54 J7.U 60.19 64.28 96.58 101.9 106.6 112.) 116.1 
90 6I.7j '.5.65 69.13 73.29 107.6 11),1 118.1 124.1 121.3 

100 70.06 14.22 77.91 82.36 lIB.' 124.1 129.6 IH.8 140.2 
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1.94 1.98 2.00 2.03 
~ ~ ~ ~ 
2l.f 2]7 2]9 241 
m ~ ill ~ 

'.8'9 .1.928 .5.981 6.022 
23.437 23.115 23.92.5 24,091 

J8.5;940 .592,870 '98,140 1101.280 

Numeralordf 
Den. ,2 ) 4 6 7 9elr If 

DEn. 

dr " 

Numeralor dr 

10 12 1,1 20 24 JO 60 120 <C 

•.50 
.90 
.91 
.97.5 
.99 
.99S 
.999 

2 .SO 
.90 
.91 
.97' 
.99 
.99' 
.999 

.50 

.90 

.9S 

.91' 
.99 
.995 
.999 

-t ..50 
.90 
.9l 
.91S 
'.99 
.99S 
,999 

S •.50 
.90 
.9l 
.97' 
.99 
.99S 
.999 

6 .lO 
- .90 

.9S 

.91.5 

.99 

.99S 

.999 

•.50 
.90 
.9l 
.975 
.99 
.99' 
.999 

2.04 2.07 2,09 2,12 
60.2 ro.7 61.2 61.1 
242 244 246 148 
969 977 98S 991 

6.0S6 6.106 6.1,17 6,109 
24.224 ~4,426 :!4,6JO 24,HJ6 

110',620 610,670 61,1,760 620,910 

1,]4 
9.39 
19.4 
J9.4 
99.4 
199 

999.4 

1.18 
'.23 
8.79 
14.4 
27.1 
4J.l 

129,2 

1.11 
1.92 
.5.96 
U4 
14.S 
21.0 
48.1 

1.01 
3.30 
4.74 
6.62 
10.1 
13.6 
26.9 

'1.0.5 
2.94 
4.06 
SA6 
7.87 
10.2 
18.4 

1.01 
2.70 
3.64 
4.76 
6.62 
8.38 
14.1 

1.)6 
9.41 
19.4 
39.4 
99.4 
199 

999.4 

1.20 
'.22 
8.74 
14.1 
27.1 
41.4 

12K.! 

1.11 
1.90 
l.91 
8.75 
14.4 
20.7 
47.4 

1.09 
1.27 
4.68 
6.S2 
9.89 
13.4 
26.4 

1.06 
2.90 
4.00 
S.11 
1.72 
10.0 
18.0 

1.04 
2.67 
].,11 
4.67 
6.47 
B.18 
1l.1 

UK 
9.41 
19.4 
)9.4 
99.4 
199 

999.4 

1.21 
,'-20 
8.70 
14.1 
26.9 
41.1 

127.4 

1.14 
U7 
.1.86 
8.66 
14.2 
20.4 
46.8 

LlO 
1.24 
4.62 
6.4) 
9.72 
IJ.I 
15.9 

1.]9 
9.44 
19.4 
19.4 
99.4 
199 

999.4 

1.21 
:U8 
8.66 
14.1 
26.7 
41.8 

116.4 

I. IS 
1.84 
UO 
8,56 
14.0 
20.2 
46.1 

1.11 
1.21 
4.,16 
6.JJ 
9.,1,1 
12.9 
25.4 

1.07 1.08 
2.87 2.84 
1.94 1.87 
'.27 .l.17 
1.$6 ,7.40 
9.81 9.59 
17.6 17.1 

I.OS 
1.63 
J.SJ 
4.H 
6.11 
7.91 
1l.1 

1.07 
2.,19 
3.44 
4.47 
6.16 
7.15 
12,9 

1.1l 2.IS 2.17 2.18 2.20 
62.0 62.1 62.8 6).1 63.1 
149 2S0 2S2 III 234 
997 1,001 1.010 1,014 1,018 

6,2B 6,161 6,)IJ 6.JJ9 6,J66 
24,940 H,044 2l,251 2,1.lS9 2'.464 

621,500 626,100 6JI,34O 6J),970 636,620 

1.40 
9.45 
19.' 
19 • .1 
99.' 
199 

999 . .5 

1.21 
.5.18 
8,64 
14.1 
26.6 
41.6 

12.5.9 

Ll6 
1.83 
l.71 
8 . .51 
11.9 
20.0 
45,8 

1.12 
1.19 
4.'1 
6.18 
9.47 
12.8 
25.1 

1.09 
2.82 
1.84 
l.12 
7.11 
9.41 
16.9 

1.07 
U8 
3.41 
4.42 
6.07 
7.6' 
12.1 

1041 
9.46 
19.' 
19.' 
99.l 
199 

999.' 

1.:!4 
'.17 
S.62 
14.1 
26.5 
42.5 

12l.4 

1.16 
3.82 
l.U 
8046 
U.8 
19.9 
4l.4 

1.12 
1.17 
4.:10 
6.21 
9.38 
12.7 
24.'l 

1.10 
2.80 
1.81 
'.07 
7.21 
9.16 
16.7 

1.08 
2.S6 
US 
4.36 
l.99 
7.5] 
12.' 

104) 
9.47 
19..1 
]9.:1 
99.5 
199 

999.l 

I.l.l 
S.15 
lI.n 
14.0 
26.1 
42.1 

1£4..1 

1.18 
1.79 
.5.69 
8.16 
1l.7 
19.6 
44.7 

1.14 
3.14 
4AJ 
6.12 
9.20 
12.4 
24.) 

1.11 
2.76 
3.74 
4.96 
7.06 
9.11 
16.2 

1.09 
2 . .51 
l.]Q 
4.2.1 
U2 
1.11 
12.1 

1.4) 
9.48 
19,' 
19.1 
99.l 
199 

999.S 

1.26 
5.14 
8.l.1 
/l.9 
26.1 
42.0 

124.0 

1.18 
1.18 
'.66 
8.11 
/l.6 
19.5 
44.4 

1.14 
1.12 
4.40 
6.07 
9.11 
12.) 
24.1 

1.12 
2.74 
1.70 
4,90 
6.97 
9.00 
16.0 

LlO 
2.49 
3.27 
4.20 
.5.74 
1.19 
11.9 

1.44 
9.49 
19.5 
)9.S 
99.S 
100 

999,l 

1.21 
S.1l 
8.ll 
11.9 
26.1 
41.8 

121.S 

1.19 
).76 
.!.61 
8.16 
1J.j 
19.J 
44.1 

1.15 
1.11 
4.J7 
6.02 
9.02 
12.1 
23.8 

1.12 . 
2.72 
1.61 
4.8S 
6.88 
S.88 

".7 

1.10 
2.47 
l.ll 
4.14 
S.6.5 
1.08 
11.7 

•.50 
.90 
.U 
.975 
.99 
.99' 
.999 

2 	 •.50 
.90 
.9.5 
.97.5 
.99 
.99.5 
.999 

3 	 •.50 
.90 
.9' 
.9" 
.99 
.99.5 
.999 

4 	 .'0 
.90 
.U 
.97' 
.99 
.99' 
.999 

, 	 .50 

."

.90 

.97' 

.99 

.99' 

.999 

6 	 •.50 
.90 
.9S 
.97S 
.99 
.99.5 
.999 

.50 
.90 
.9' 
.91.5 
.99 
.99' 
.999 

1.00 1 • .50 
~ ~ 
161 200 
~ ~ 

4,0'2 ',000 
16.211 20,000 

40',280 .500.000 

0.661 1.00 
8.'J 9.00 

19.0 
38•.! 39.0 
98 • .5 99.0 
199 199 

998.' 999.0 

lB.' 

o.n, 0.&81 
.5.'4 .5.46 
10.1 9." 
17,01 16.0 
34.1 lIl.B 
".6 49.8 

167.0 148 • .5 

0 • .549 0.828 
4 • .54 4.]2 
7.71 6.94 
12.2 10.6 
21.2 18.0 
31.3 26.3
74.1 61.1 

D.llS 0.799 
4Jl6 UB 
6.61 '.79 
10.0 8.43 
16.] 1].3 
22.8 18.1 
47.2 H.I 

0.7800.'"
3.78 3.46 
'.99 '.14 
8.81 7.26 
13.7 10.g 
1B.6 14.' n, 27.0 

0.»6 0.767 
3." 3.26 
.5•.5' 4.74 
8.01 6.'4 
12.2 9." 
16.2 12.4 
29.2 21.7 

1.71 
~ 
216 
~ 

',403 
21.'" 

'40,380 

I.IJ 
9.16 
19.2 
39.2 
99.2 
199 

999.2 

1.00 
'.19 
9.28 
13.4 
29.' 
4U 

141•./ 

0.941 
4.19 
6.39 
9.98 
16.7 
24.3 
.56.2 

0.901 
3.62 
'.41 
7.16 
12.1 
/6.'
Jl.2 

0.886 
1.29 
4.76 
6.60 
9.78 
12.9 
23.7 

0.871 
3.07 
4.1.5 
.5.19 
11.4.5 
10.9 
IB.8 

1.82 
~ 
22' 
~ 

',62' 
22,.500 

.562•.500 

1.21 
9.24 
19.2 
39.2 
99.2 
199 

'199.2 

1.06 
'.14 
9.12 
".1 
28.7 
46.2 

1l7.1 

1.00 
4.11 
6.39 
9.110 
16.0 
23.2 
n.4 

0.96.5 
3.ll 
'.19 
7.]9 
11.4 
1$.6 
31.1 

0.942 
).IB 
4.'3 
6.21 
.9.U 
12.0 
21.9 

0.926 
2.96 
4.12 
U2 
7.S' 
10.1 
17.2 

1.89 
~ 
230 
ill 

'.764 
23,0.56 

576.400 

1.1.5 
9.29 
19.3 
39.1 
99.3 
199 

999.3 

1.10 
.5.ll 
9.01 
14." 
28.2 
45.4 

1l4.6 

1.04 
4.0.5 
6.26 
9.16 
IU 
22 • .5 
'1.7 

1.00 
3.4' 
'.0.5 
7.U 
11.0 
14.9 
29.8 

0.977 
1.11 
4.19 
'.99 
8.H 
II.! 
2O,B 

0.960 
2.S1 
1.91 
J.29 
7.46 
9..Sl 
1&.2 

1.28 
9.1j 
".1 
39.3 
99.J 

' 199 
999.J 

1.13 
.5.28 
8.94 
14.7 
27;9 
44.8 

1l2.& 

1.06 
4.01 
6.16 
9.20 
1.5.2 
.22.0 
.50.' 

1.02 
1.40 
4.9' 
6.98 
10.7 
14.' 
28.8 

1.00 
J.05 
4.28 
5,82 
8.47 
11.1 
20.0 

0.\lS3 
2.83 
U7 
.5.12 
1.19 
!1.16 
U.S 

1,]0 
9.]l 
19.4 
39.4 
99.4 
199 

999.4 

1.15 
'-27 
8.S9 
14.6 
27.1 
44.4 

1l1.6 

1.08 
3.98 
6.09 
9.01 
15.0 
21.6 
49.7 

1.04 
1.11 
4.88 
6.85 
10.S 
14.2 
28.2 

1.02 
1.01 
4.21 
5.70 
8.26 
10.8 
19.5 

1.00 
2.78 
1.79 
4.99 
6.99 
8.B9 
15.0 

1.12 
9.Jl 
19.4 
39.4 
99.4 
199 

999.4 

1.16 
U.s 
8.8'! 
14.5 
27.$ 
44.1 

1l0.6 

1.09 
l.95 
6.04 
8.98 
14.8 
21.4 
49.0 

1.05 
1.]4 
4.8.2 
6.76 
10.l 
14.0 
21.6 

1.01 
2.98 
4." 
'-60 
8.10 
10.6 
19.0 

1.01 
2.1S 
].73 
4.90 
6.84 
8.68 
14.6 

1.]3 
9.]8 
19.4 
39.4 
99.4 
199 

999.4 

1.17 
'.24 
8.81 
14.S 
27.1 
4J.9 

129.9 

1.10 
J.94 
6.00 
8.90 
14.1 
21.1 
4&.S 

1.06 
).J2 
4.71 
6.68 
10.2 
11.8 
21.2 

1.04 
2.96 
4.10 
'.52 
7.98 
10.4 
IS.7 

1.02 
2.71 
U& 
4.12 
6.12 
1.31 
14.3 
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Ocn. 
dr .. 
8 	 .'0 

.90 

.1" 

.91$ 

.99 
•.995 
.999 

, 	 .'0 
.90 
.9S 
.915 
.99 
.99' 
.999 

10 	 .50 
.90 
.95 
.975 
.99 
.995 
.99'.1 

12 	 .'0 
.90 
.95 
.97's 
.99 
.995 
.999 

" 	 .'0
.90 
.9S 
.913 
.99 
.995 
.999 

20 	 .50 
.90

.9' 

.97's 

.99 

.99' 

.999 

24 	 .50 
.90 
.9l 
.915 
.99 
.99S 
.999 

Numoralo, dr 

2 1 4 6 1 8 9 

0.499 
lA6 
U2 
B7 
11.3 
14.7 
21.4 

0.1ll 
1.11 
4.46 
6.06 
B.til 
11.0 
18.S 

0.860 
2.92 
4.07 
H2 
7.39 
9.60 
IS.8 

0.915 
2.81 
J.84 
'.05 
7.01 
8.81 
14.4 

0.948 
2.13 
).69 
4.B2 
6.61 
8.30 

13.' 

0.911 
2.61 
U8 
4.6S 
6.37 
7.9' 
12.9 

0.988 
2.62 
UO 
4.j) 
6.18 
7.69 
12.4 

1.00 
2.$9 
3.44 
4.4) 
6.01 
7.$0 
12.0 

1.01 
2.S6 
3.39 
4.36 
HI 
7.34 
11.8 

0.494 
1.36 
'.11 
7.21 
10.6 
1l.6 
22.9 

0.749 
3.01 
4.26 
5.71 
8.02 
10.1 
16.4 

0.U2 
2.81 
1.86 
3.08 
6.99 
8.72 
1l.9 

0.906 
2.69 
1.63 
4.72 
6.42 
1.96 
12.6 

0.939 
2.61 
1.48 
4.48 
6.06 
7.47 
11.7 

0.962 

1." 
1.31 
4.ll 
UO 
7.11 
11.1 

0.978

2." 
1.29 
4.20 
'.61 
6.BI 
10.7 

0.990 
2.47 
3.ll 
4.10 
1.47 
6,69 
10.4 

1.00 
2.44 
1.18 
4.01 
S.l' 
6.'4 
10.1 

0.490 
1.29 
4.96 
6.94 
10.0 
12.8 
21.0 

0.743 
2.92 
4.10 
5.46 
7.56 
9.43 
14.9 

0.14' 
2.71 
1.71 
4.83 
6." 
8.08 
12.6 

0.899 
2.61 
3.48 
4.47 
'.99 
7.l4 
11.1 

0.912 
2.52 
1.13 
4.24 
$,64 
6.87 
10.5 

0.954 
2.46 
1.22 
4.07 
'.19 
6.54 
9.91 

0.971 
1.41 
3.14 
1.95 
'.20 
6.10 
9.52 

0.981 
2.18 
3,07 
3.8' 
S.06 
6.12 
9.20 

0.992 
2.35 
1.02 
1.78 
4.94 
'.91 
i.96 

':' 

0.484 
1.18 
4.1$ 
6.n 
9.13 
11.8 
18.6 

0.73' 
2.81 
1.89 
'.10 
6.93 
8." 
1l.0 

0.83' 
2.61 
3.49 
4.47 
5.95 
7.ll 
10.8 

0.888 
2.48 
1.26 
4.12 
HI 
6.52 
9.63 

0.921 
2.19 
1.11 
1.89 
5.06 
6.07 
8.89 

0.943 
2.31 
3.00
J.n 
4.82 
5.16 
8.1a 

0.959 
2.28 
2.91 
3.61 
4.64 
.5..52 
8.00 

0.971 
2.24 
2,8S 
1." 
4.50 
'.1' 
7.11 

0.981 
2.21 
2.80 
1.44 
4.19 
S.10 
7.48 

'i. .' 

0.418 
).07 
4.54 
6.20 
8.68 
10.8 
16.6 

0.726 
1.70 
1.68 
4.77 
6.16 
7.70 
ILl 

0.826 
2.49 
1.29 
4.1' 
5.42 
6.4B 
9.14 

0.878 
2.16 
1.06 
1.80 
4.89 
S.SO 
8.25 

0.911 
2.21 
2.90 
U8 
4." 
'.37 
7.l7 

0.,11 
2.21 
2.79 
3.41 
4.12 
S.07 
7.09 

0.949 
2.16 
2.71 
1.29 
4.14 
4.8' 
6.74 

0.960 
2.12 
2.64 
1.20 
4.00 
4.67 
6.47 

0.970 
2.09 
2." 
1.12 
3.89 
4.'4 
6.26 

0.472 
2.91 
4.3, 
'.87 
8.10 
9.94 
14.8 

0.718 
2.,9 
3.49 
4.46 
US 
6.99 
9.9' 

0.816 
2.38 
1.10 
3.86 
4.94 
5.82 
8.10 

0.868 
U.s 
2.87 
3.$1 
4.41 

'.17 
7.10 

0.900 
2.16 
2.11 
1.29 
4.10 
4.76 
6.46 

0.922 
2.09 
2.60 
1.1l 
1.87 
4.41 
6.02 

0.918 
2.04 
2.ll 
1.01 
3,10 
4.26 
'.69 

0.950 
2.00 
2.4' 
2.91 
1.56 
4.09 
S.44 

0.959 
1.96 
2.39 
2.84 
3.46 
1.96 
'.24 

0.469 
2.93 
4.26 
'-12 
1.82 
9.S.5 
14.0 

0.714 
2.54 
l.40 
4.32 
:1.61 
6.66 
9.34 

0.812 
2.11 
1.01 
3.72 
4.72 
5.n 
UJ 

0.863 
2.19 
2.78 
l.18 
4.22 
4.89 
6.59 

0.895 
2.10 
2.62 
3.1S 
1.90 
4.49 
5.98 

0.917 
2.04 
2.lI 
2.99 
1.67 
4.20 
S.SS 

0.912 
1.98 
2.42 
2.K7 
3.'0 
1.99 
.5.23 

0.944 
1.94 
2.36 
2.78 
3.36 
1.83 
4.99 

0.951 
1.111 
2.30 
2.70 
1.26 
3.69 
4.80 

--_ 

Den. 
dr .1 

8 	 .'0 
.90 
.9$ 
.97' 
.99 
.99' 
.999 

9 	 .50 
.90 
.95 
.973 
.n 
.995 
,999 

10 	 .50 
.90 
.9' 
.975 
,99 
.995 
.999 

12 	 .50 
.90 
.91 
.975 
.99 
.99S 
.999 

., 	.'0 
.90 
.9S 
.973 
.99 
.99' 
,999 

20 	 .'0 
.90 
.9J 
.97S 
.99 
.99S 
.999 

24 	 .'0 
.90 
.9J 
.97S 
.':/9 
.995 
.999 

_ - __--_ _--, -. .--._-- _. -.-

1.02 1.01 1.04 1.05 1.06 1.01 1.08 1.08 1.09 
2.l4 1...50 2.46 2,42 2.40 2.38 2.34 2.32 2.29 
).35 1.28 3.22 1.U 1.12 1.08 3.01 2.97 2.93 
4.30 4.20 4.10 4.00 3.95 3.89 3.7B 1.73 3.67 
5.81 5.67 5.52 5.J6 5.28 5.20 '.OJ 4.95 4.86 
1.21 7.01 6.HI 6.61 6.50 6.40 6.18 6.06 U, 
11.5 11.2 10.8 10.5 10.1 10.1 9.7l 9.l1 9.1] 

1.01 1.02 1.0J 1.04 1.0' 1.05 1.07 1.01 LOB 
2.42 2.38 2.34 2.30 2.28 2.2' 2.21 2.18 2.16 
3.14 3.07 3.01 2.94 2.90 2.86 2.79 2.75 2.71 
].96 J.81 1.77 3.61 1.61 3.56 3.4, 1.)9 3.1] 
5.26 5.11 4.96 4.81 4.73 4.65 4.48 4.40 4.11 
6.42 6.21 . 6.03 S.83 S.73 5.62 HI 5.10 5.19 
9.89 9.51 9.24 8.90 8.12 B.SS 8.19 8.00 7.81 

1.00 1.01 1.02 1.03 1.04 1.05 1.06 1.06 1.07 
2.32 2.28 2.24 2.10 2.18 2.16 2.11 2.08 2.06 
2.98 2.91 2.114 2.77 2.14 2.70 2.62 2.58 2.54 
3.72 3.62 3.52 ).42 3.17 3.31 3.20 .1.14 ].08 
4.8S 4.71 4.56 4.41 4.33 4.2S 4.08 4.00 1.91 
US 5.66 3.41 S.27 S.17 s.o7 4.86 4.75 4.64 
8.7S ' /lAS 8.13 7.80 7.64 1.41 7.12 6.94 6.76 

0.989 1.00 1.01 1.02 LO) 1.03 LOS 1.05 I.Q6 
2.19 2.15 2.10 2.06 2.04 2.01 1.96 1.93 1.90 
2.7S 2.69 2.62 2.l4 2.51 2.47 2.38 2.34 2.30 
].37 3.18 3.18 3.07 3.02 2.96 2.8S 2.79 2.72 
4.30 4.16 4.01 3.86 3.18 3.10 3.:14 3.4, 1.J6 
5.09 4.91 4.72 U3 4.43 4.)] 4.12 4.01 1.90 
7.29 7.00 6.71 6.40 6.25 6.O'J S.76 '.59 .:1.42 

0.977 0.989 1.00 1.01 1.02 1.02 1.01 1.04 LOS 
2.06 2.02 1.91 1.92 1.90 1.81 1.82 1.79 1.16 
2.54 2.48 2.40 2.33 2.29 2.2S 2.16 '2.11 2.07 
1.06 2.96 1.86 2.76 2.10 2.64 2.S2 2.46 2.40 
3.80 1.67 3.52 3.J7 3.29 1.21 J.OS 2.96 2.81 
4.42 4.25 4.07 3.88 1.79 1.69 3.48 3.n 3.26 
6.08 HI 5.54 5.25 S.IO 4.9' 4.64 4.48 4.31 

0.966 0.977 0.989 1.00 1.01 1.01 1.02 1.01 1.03 
1.94 1.89 1.84 1.79 1.71 1.74 1.68 1.64 1.61 
2.U 2,28 2.20 2.12 2.08 2.04 1.9' 1.90 1.84 
2.77 2.68 2.51 2.46 2.41 2.1' 2.22 2.16 2.09 
1.17 3.21 1.09 2.94 2.86 2.78 2.61 2.52 2.42 
3.8' 3.68 3)0 J.l1 3.22 3.12 2.92 2.81 2.69 
5.08 4.82 4.56 4.29 4.15 4.00 3.70 1.'4 1.]8 

0.961 0.972 0.983 0.994 1.00 1.01 1.02 1.02 1.01 
1.88 1.83 US 1.73 1.70 1.61 1.61 1.S7 1.S3 
2.25 2.18 2.11 2.01 1.98 1.94 1.14 1.79 1.73 
2.64 2.54 2.44 2.33 2.27 2.21 2.08 2.01 1.94 
1.17 3.03 2.89 2.14 2.66 2.'8 2.40 2.ll 2.21 
1.59 3.42 3.25 J.06 2.91 2.81 2.66 2.51 2.4) 
4.64 4.39 4.14 J.81 3.74 3.59 3.29 1.14 2.91 

Numeralor dr 


10 12 1.5 20 24 3D 60 120 IX) 
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TABLE A.iS (contlnu.d) Percentiles of tbe F Distribution 

NUll'lcnnordf 
Den. 
d( A 2 4 5 6 7 8 

lO .10 0.466 0.709 0.801 0.U8 0.890 0.912 
.90 1.88 2.49 2,28 2.14 2.05 1.98 
.95 4.17 l.ll 2.92 1.69 2.51 2.42 
.97' !l.l1 4." l.19 1.2' l.Ol 2.81 
.99 7.56 '.39 4.51 4.02 l.1O 3.41 
.993 9.18 6.l5 5.24 4.61 4.21 US 
.999 ll.l 8.77 1.0S 6.12 5.53 S.12 . 

60 .10 0.461 0.101 0.798 0.1149 0.880 0.901 
.90 1.79 2..3\1 2.18 2.04 1.95 1.87 
.9' 4.00 J.15 2.16 Ul 2.31 2.25 
.975 3.19 1.93 ).34 l.OI 2.19 2.63 
.99 7.08 4.98 4.11 US 3.14 l.U 
.9\1' 1.49 '-80 4.73 • 4.14 1.76 1.49 
.999 12.0 1.71 6.17 '.11 4.16 4.31 

0.921 
I.9l 
2.33 
2.75 
3.30 
l.74 
4.82 

0.911 
1.82 
2.17 
2.51 
2.93 
3.29 
4.09 

0.9l9 
1.88 
2.27 
2.6j 
3.11 
l.58 
4.'8 

0.928 
1.17 
2.10 
2.41 
2.82 
1.1l 
3.86 

9 

0.'48 
LU 
2.21 
2.$7 
l.01 
lAS 
4.39 

0.917 
1.14 
2.04 
2.1l 
2.12 
3.01 
1.69 

TABLE A.4 (cont;/ud,d) Percentiles of the F Distribution 

Numerator dr 
Den. 
dl -1 10 12 15 10 24 3D 60 120 co 

30 .'0 G.9H 0.966 o.ns 0.989 0.994 1.00 
.90 1.82 1.71 1.71 1.67 1.64 L61 
.9S 2.16 2.09 2.01 1.93 1.89 1.84 
.973 2." 2.41 2.31 1.20 2.14 2.07 
.99 2.98 2.114 1.70 US 2.47 2.l9 
.995 3.l4 3.18 3.01 2.82 2.73 2.63 
.999 4.24 4.00 3.7l JA9 3.36 3.22 

60 .SO 0.94' 0.956 0.967 0.978 0.983 0.989 
.90 1.71 1.66 1.60 1.S4 UI 1.48 
.!IS 1.99 1.9< 1.84 l.7l 1.70 1.6' 
.97l 2.27 2.17 2.06 J.94 1.88 1.82 
.99 2.63 UO 2.15 2.20 2.12 2.03 
.99j 2.90 2.74 2.57 2.39 2.29 2.19 
.999 3.54 3.32 3.08 2.83 2.69 2.l5 

1.01 1.02 1.02 
1.54 1.50 1,46 
1.74 1.68 1.62 
1.94 1.87 1.79 
2.21 2.11 2.01 
2.42 2.30 2.\8 
2.92 2.76 2.l9 

1.00 1.01 1.01 
1.40 I.Jj 1.29 
Ul 1.47" U9 
1.67 1.$8 1.48 
1.84 I.n 1.60 
1.96 I.lIl 1.69 
2.25 2.08 1.89 

120.S0 0.458 
.90 2.7$ 
.95 J.n 
.975 S.U 
.99 6.8.1 

8.18.99' 
.999 11.4 

CD .50 0.455 
.90 2.11 
.95 3.14 
.975 .5.01 
.99 6.63 
.99.5 7.88 
.999 10.8 

0.697 
2.15 
1.07 
1.80 
4,79 
",4 
7.32 

0.693 
2.30 
3.00 
1.69 
4.61 
S.lO 
6.91 

0.79l 
2.11 
1.68 
3.11 
1.95 
4 • .s0 
5.71 

0.789 
2.08 
2.60 
3.12 
1.78 
4.28 
5.42 

0.844 
1.99 
2.45 
2.89 
1.48 
3.92 
4.95 

0.839 
1.94 
2.37 
2.79 
l.n 
J.72 
4.62 

0.815 
1.90 
2.29 
2.67 
3.17 
l.S' 
4.41 

0.810 
1.85 
1.21 
2.57 
3.02 
US 
4.10 

0.896 
1.82. 
2.18 
2.S1 
2.96 
l.n 
4.04 

0.891 
1.77 
2.10 
2.41 
2.80 
3.09 
3.74 

0.9\2 
1.77 
2.09 
2.l9 
2.79 
3.09 
3.77 

0.907 
1.72 
2.01 
2.29 
2.64 
2.90 
3.41 

0.921 
1.12 
2.02 
2.30 
2.66 
2.93 
3.'S 

0.918 
1.61 
1.94 
2.19 
2.SI 
2.74 
1.27 

0.912 
1.68 
1.96 
2.22 
2..16 
2.81 
3.38 

0.927 
1.63 
1.88 
2.11 
2.41 
2.62 
3.10 

120.'0 0.939 0.9l0 0.961 0.972 0.978 0.983 0.994 1.00 1.01 
.90 1.6l 1.60 Ul 1.48 1.4l 1.41 1.32 l.26 1.19 
.9' 1.91 1.83 L75 1.66 1.61 Uj 1.4J 1.35 I.2l 
.973 2.16 2.pS 1.9l 1.82 1.16 1.69 U3 1.43 1.31 
.99 2.47 2.)4 2.19 2.03 1.95 1.86 1.66 1.5l 1.38 
.995 2.71 2.54 2.37 2.19 2.09 1.98 I.U 1.61 1.41 
.999 3.24 ).02 2.78 2.53 2.40 2.26 1.9' 1.77 1.54 

CD .'0 0.934 0.945 0.9.56 0.961 0.972 0.978 0.989 0.994 1.00 
.90 
.9l 

1.60 
1.81 • 

U.s 
J.7l 

1.49 
1.67 

1,42 
I.n 

1.18 
LS2 

1.]4 
1.46 

1.24 
1.12 

1.11 
1.22 

1.00 
1.00 

.97.5 2.05 1.94 1.8] 1.71 1.64 1.57 1.39 1.27 1.00 

.99 2.31 2.18 2.04 1.88 1.79 1.70 1.47 I.ll 1.00 
.99' 2.52 2.]6 2.19 2.00 1.90 1.79 1.53 I.J6 1.00 
.999 2.96 2.14 2..11 2.27 2.11 1.99 1.66 1.41 1.00 

S_ Rcprin...,f from Table' or Pemon and Hortley, BI"",mlta Tabl•• for S .... blfdalu. v.m... l. 19n. puI>-
Ilshcd II, Ibe Camlxl<l&e UnivenilY P ...... 011 behlJr of The Biometrika Socitty. by pcnniulott ollbe IUIh".. aad pod>
1Wlus. 


