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QUESTION ONE. 	 [5+5+5+5+5+5+5+5mm~] 

1.1 	 The following results were computed from a multiple regression model with a sample of 15: 

37.232491 - 0.0225082 1.336707] [ 29135 ] 
(XXrl = -0.0225082 0.0000137 -0.0008319, X'Y = 62905821 ,and MSE= 164.73797 

[ 
1.336707 - 0.0008319 .0.054034 247934 

a. 	 Find the estimated regression function 
b. Estimate the variance-covariance matrix. 


,c. Construct a 99% confidence interval for ~o. 


d. 	 Construct a 95% joint confidence interval for ~l and ~2' 
e. 	 Test the hypothesis, ~2 = 10 against ~2:f.: 10. 
f. 	 Test the hypothesis, ~l ::::: 0 against ~l < O. 

1.2 	 Consider the following ANOV A table with decomposition of SSR for three predictor 
variables: 

Source ofVariation SS df MS 

Regression 246.58 3 

Xl 198.27 1 

X21X l 33.17 1 

X31 X2, Xl 15.14 1 

Error 98.41 15 

Total 18 

a. 	 Test whether X3 can be dropped from the regression model given that Xl and X2 me 
retained. Use a 0.05. 

b. 	 Test whether X2 and X3 can be dropped from the regression model that already contains 
Xl. Use a = 0.01 . 

QUESTION TWO. 	 [ 8 + 6 + 6 mmks ] 

2.1 	 Define Heteroscedasticity. Explain how one can use the Generalized Least Squmes (GLS) 
method to obtain estimates of regression coefficients when heteroscedasticity is present. 

2.2 	 a. Cmry out the Spemman's rank correlation test of Heteroscedasticity with a == 0.01 if you 
me given n == 15 and rank correlation, rs = 0.46. 

b. Cmry out the Goldfeld-Quandt test of Heteroscedasticity with a 0.05 if you are given the 
following information: 

N=40 c==6 k=2 
RSS I based on the first 17 observations == 413.15 
RSS2 based on the last 17 observations == 1636.40 
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QUESTION THREE. [4+5+1+5+5marks] 

The following tables are the partial SPSS output ofa multiple regression problem: 

ANOVA 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 

Residual 

Total 

126.714 

40.842 

167.556 

3 

5 

8 

42.238 

8.168 

5.171 .054 

Coefficients 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig.B Std. Error Beta 

1 (Constant) 

X1 

X2 

X3 

35.626 

3.675 

2.892 

-.110 

13.418 

1.639 

1.055 

1.625 

.745 

.614 

-.022 

2.655 

2.243 

2.740 

-.068 

.045 

.075 

.041 

.949 

Answer the following questions based on the above two tables: 

a. 	 State the fitted regression line. 
b. 	 Test the goodness of fitted model. You must state the null and alternative hypotheses and 

clearly state the conclusion. 
c. 	 What is the estimated value ofci? 
d. 	 Calculate the coefficient of multiple determination K. How is it interpreted here? 
e. 	 Do the data present sufficient evidence to indicate that the third predictor variable 

contributes information for the prediction of the response variable? 

QUESTION FOUR. 	 [ 10 + 5 + 5 marks] 

4.1 	 Define Multicollinearity. Discuss the effects of multicollinearity, when it is present in the 
model, (i) on the Regression Coefficients, (ii) on the Stapdard Errors of the estimated 
regression coefficients, S{bk}, and (iii) on the F-test. 

4.2 	 Discuss the five informal diagnostics for multicollinearity. 

4.3 	 Discuss five remedial measures for serious multicollinearity. 
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QUESTION FIVE. 	 [ 10 + 5 + 5 marks] 

5.1 	 What is Autocorrelation? Discuss briefly, the problems of using ordinary least squares 
procedure when the error terms in the regression model are positively correlated. 

5.2 	 The following residuals were found running a multiple regression model with 3 predictor 
variables: 


-1.0 -2.7 4.1 5.7 

-0.9 -1.8 0.0 -2.0 

-4.0 -2.8 6.5 -1.4 

-2.2 0.5 -0.7 2.8 


Use Durbin-Watson test statistic to test the existence ofautocorrelation at any suitable u. 

5.3 	 Given a sample of 30 observations and 3 predictor variables with 5% level ofsignificance, 
what can you say about autocorrelation (positive or negative) if 

a. D= 1.06? 
b. D 1.49? 
c. D=2.05? 
d. D=2.42? 
e. D= 3.58? 


[You must show all your work regarding your conclusions] 
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TABLE A.2 (conclud.d) Pen:entiles of the I Distribulion 
TAJILE A.l Percentiles of the t Distribution 


Entry ill(A; v) where P{t(lI) ~ 1(.11.; )1)1 - A 


\I 

A 

.60 .10 .ao .1.'1 .90 •93 .97' 

I O.llS 0.711 1.17& 1.961 1.018 6.314 12.706 
2 0.219 0.611 1.061 1.186 UB6 2.m 4.303 
1 0.177 0.n4 0.978 1.2'0 1.638 2.3'1 1.11l 
4, n.271 

0.261 
0.169 
0.$.19 

0,941 
0.920 

1.190 
1.136 

un 
1.416 

1.1l2 
2.01$ 

2.776 
2 • .!71 

6 0.1" 0."3 O.!I06 1.134 l.<WI 1.943 2.447 
1 0.263 0.'49 0.896 1.119 1.413 1.89' . 2.]6$ 
8 0.262 0.'46 0.889 1.108 1.3'11 1.860 2.306 
9 0.26\ 0.'41 0.881 1.100 US3 I.lll 2.262 

10 0.260 0.341 0.819 1.093 1.312 1.812 2.118 

\I 0.260 0.340 0.876 1.088 1.363 1.796 2.201 
12 0.lS9 0.H9 0.873 1.083 1.3'6 1.782 2.179 
11 0.lS9 0.'17 0.170 1.079 1.1'0 1.771 2.160 
14 0.2'. 0.'37 0.868 \.076 1.34' 1.161 2.14' 
I.! O.lSB 0.n6 0.866 1.074 1.341 1.753 1.lll 

16 O.ll! 0.'1' .lU6, 1.071 1.311 1.146 l.1lO 
17 0.1l7 0.ll4 0.863 1.069 I.lll 1.740 1.110 
18 0.2J7 0.'34 0.B61 1.067 1.310 1.734 2.101 
19 0.1l1 0.'3] 0.861 1.066 1.318 1.729 1.093 
20 0.lS1 O.lll 0.860 I.Q6o.I l.l11 1.7lS 2.086 

21 0.H7 O.lll 0.U9 1.063 \.321 1.721 1.080 
22 0.2.11\ O.'ll 0.838 1.061 1.:t21 1.717 1.0" 
2] 0.lS6 O.'ll O.a'B \.060 l.ll9 1.114 2.069 
24 0.2'6 Q.3]1 •. i o.an 1.0'9 \.3\8 \.711 1.D64 
25 0.2,56 0.'1\ 0.836 \.MB 1.316 1.708 2.060 

26 
27 

0.1'6 
0.lS6 

O.lll 
0.,1I 

0.836 
0.'" 

1.0$8 
1.0" 

1.]1$ 
1.1\4 

1.706 
1.101 

2.0,56 
l.on 

2B 0.236 0.,530 0.8" I.O!l6 1.113 1.701 2.ll48 
29 0.2$6 0.'30 0 . .,4 1.0" 1.311 1.699 2.04.1 
30 0.156 0.'30 0.834 1.0" 1.310 1.697 2.042 

40 0.2$' 0.ll9 O.U\ 1.0lO \.103 1.614 2.021 
60 0.2'4 0.ll7 0.848 1.04' 1.296 1.671 1.000 

120 Q.lS4 0.n6 O.84S 1.041 1.289 I.6n 1.980 
... 0.25] 0.'24. 0.142 1.0;6 1.182 1.64' 1.960 

.. 
II 

.98 .9S", .99 .9923 .99' .997S .9995 

1 13.895 21.205 ] I.BlI 42.434 63.657 121.]22 636.590 
2 4.849 $.643 6.96S 8.011 9.911 14.0H9 lU9! 
1 ].482 1.896 4.'4t 3.047 5.841 7.4H 11.924 

" 2.999 ].298 1.147 4.018 4.~04 5.598 8.610 
1 2.7!l1 3.001 3.36' 1.634 4.0ll 4.711 6.169 

6 2.6\2 2.819 1.t41 un 1.707 4.117 3.959 
7 1.317 2.11S 2.998 1.20] 3.499 4.029 l.408 
8 2.449 2.634 2.896 :1.0U 1.H' Ull '.041 
9 2.398 2.lI4 2.821 2.998 3.150 1.690 4.781 

10 1.J" 2.h7 2.764 2.932 1.169 UR 1 ·un 
\I 2.llS 2.491 2.718 2.S79 1.106 1.497 4.431 
12 2.]0) 2.461 2.6SI 2.816 1.OSS 1.428 4.318 
I] 2.282 1.436 2.630 2.8111 l.012 ].J72 4.221 
14 2.21>4 1.41' 2.624 2.771 2.977 1.126 4. I<Ill 
IS 1.249 2.391 2.602 2.746 2.947 ].286 4.013 

16 2.215 2.J82 2 . .111 2.124 2.921 un 4.015 
17 2.114 2.368 2.'67 2.1!)6 2.898 1.2Z2 BtU 
IS 2.214 2.356 l.SS! 2.68'1 2.878 3.197 3.922 
19 2.20"' 2.146 2.'1'1 2.674 2.861 ].174 U8l 
20 2.197 2.336 2.528 2.661 2.845 3.151 ].849 

21 2.189 2.m 2."18 2.649 2.831 l.m 3.819 
22 2.183. 2.320 2.508 2.6]9 2.819 1.119 3.192 
11 2.177 2.311 2.'00 2.629 2.807 1.104 1.761 
2~ 2.172 2.107 2.492 2.620 2.797 1.091 1.74' 
IS 2.167 2.101 2.485 2.612 2.711 3.078 1.725 

26 .2.162 2.296 lA19 2.605 2.719 3.067 1.701 
27 2.U8 2.291 2,4n 2.598 2.171 1.OSl 1.690 
28 2.154 2.286 2.467 2."92 2.76] J.1Jo17 1.674 
2~ 2.UO 2.281 2.462 2.586 2.756 3.018 1.619 
10 2.141 2.218 lAp 2.581 2.7S0 ].010 3.646 

40 2.123 2.250 VIlJ 2.542 2.104 2.~71 3.m 
60 2.099 1.113 2.190 2.~O4 2.660 2.91 S l.460 

110 2.076 2.196 2.l!l8 20468 2.617 2.SIiO un ,. 2.0.'!4 2.110 2.]26 2.432 2.$76 l.801 :1.291 

;w·',•...., 
.4IJ_::} 
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TABLE A.J Percentiles of the X' Dislribulion TABLE A.4 Percentiles of the F Distribution 

Entry is Xl{A; v} where pIx'(v} :S X'(A: v}} .. A 
Entry u F (A; v" I'll where P {F (111, "') S F.(A; v,. JI:l)} =A 

X1{A;'" 

.. 
A 

.005 .010 .OH .0.:10 .100 .900 .950 .97j .990 .99' 

I 0.0"393 0.01 1" 0.0'9B2 0.0'J93 0.OU8 2.71 J.84 5.02 6063 7.B8 
2 0.0100 0.0201 0.Ol06 O.IOJ 0.211 4.61 .'-99 7.38 9.21 10.60 
1 0.011 0.115 0.216 O.]ll 0.j84 6.U 7.BI 9.U 11.]4 12.84 
4 0.207 0.297 0.484 0.711 1.064 7.7B 9.49 11.14 13.28 14.86 

l 0.412 0.H4 0.831 1.14' 1.61 9.24 11.07 12.8) 15.09 16.75 
15 0.676 0.8n 1.24 1.64 2.20 10.64 12.59 14.45 16.81 18.n 
7 0.989 1.24 l.69 2.17 1.81 12.02 14.07 16.01 18.48 10.28 
8 I.J4 1.65 2.18 2.7J 3.49 \l.36 lUI 17.53 20.09 21.96 
9 1.73 2.09 2.70 3.l1 4.17 14.68 16.92 19.01 2Ui7 ll.59 

10 2.16 2.56 3.25 J.!)4 4.87 13.99 III.ll 20.48 23.21 2'.19 
II 2.60 3.0' 3.11 4 . .:17 5.51 17.18 19.68 21.92 24.73 26.76 
12 J.07 3.j7 4.40 5.13 6.30 11.55 21.0J IJ.J.I 26.12 18.30 
Il 3.n 4.11 5.01 5.89 7.04 lUI 22.36 24.74 27.69 29.82 
14 4.07 4.66 5.63 6.57 7.79 21.06 2UI 16.11 29.14 31.31 

" 4.60 5.23 6.26 7.26 8.55 22.31 H.OO 27.49 10.'8 32.80 
16 
17 

5.14 HI 6.91 7.96 9.11 
.:1.70 6.41 7.j6 B.67 10.09 

2U4 
24.77 

26.30 
21.59 

28.n 
30.19 

32.00 34.l1 
33.41 ]J.n 

18 6.26 7.01 8.23 9.39 10.B6 2.5.99 IB.87 31.5J 34.81 37.16 
19 6.84 7.63 8.91 10.12 11.6$ 27.20 30.14 n.n 36.19 38.n 

20 7.43 1.16 9.59 10.'" 12.44 18.41 31.41 34.17 )7.'7 40.00 
21 B.O) 8.90 10.28 11.59 13.24 1U2 32.67 31.48 38.93 41.40 
21 8.64 9.54 10.98 12.34 14.04 30.81 33.92 36.71 40.19 42.BO 
23 9.26 10.10 11.69 IJ.09 14.U 32.01 3'.17 3B.08 41.64 44.11 
24 9.89 10.86 12.40 13.8' lUll 33.20 36.42 39.311 42.98 4.1.56 

25 10.n 11 •.52 13.12 14.61 16.47 34.31 3M' 40.61 44.31 46.93 
26 11.\6 12.20 13.14 lUI 11.29 3.5.$6 38.89 41.92 43.64 48.29 
27 11.11 12.BB 14.j7 16.1.:1 18.11 36.74 40.11 43.19 46.96 49.64 
28 11.46 1l.,6 1S.11 .111.93 n.94 37.92 41.34 44.46 4B.28 50.99 
29 11.12 14.16 16.0j 17.71 19.77 39.09 4U6 4'.72 49.59 n.34 

30 1l.79 14.9' 16.19 1S.49 20.60 40.26 43.77 46.9B SO.89 .53,67 
40 10.71 22.16 24.43 26.51 19.0,5 1I.81 55.76 n.J4 63.69 66.71 
'0 27.99 29.71 31.36 J4.76 17.69 63.17 61.'0 71.42 71l.1' 79.49 
60 n.l] 37.48 40.48 43.19' 46.46 74.40 79.01 n.JO IUB 91.9' 

70 l.28 43.44 48.76 .51.74 55.J] as.53 90..n 9'.02 100.4 104.2 
80 1.17 j].,4 l1.1l 60.39 114.28 96.38 101.9 IOU 112.3 !I6.3 
90 '9.20 61.7.5 6S.6' 69.11 73.29 107.6 1Il.1 1\ 8.1 124.1 118.3 

100 61.ll 70.06 74.22 77.9) 12.36 118.' 124.] 129.6 lJj.B 140.2 

Ft A •••• ••1 

I 
F( A; .... I',) - FII-A: ......, I ---,...-;'~ 

S""",o: Rcplin..... wllb pcrmllll••• '111m C. M. ThtImp••G, ·"l\bl. Dr Po"',.I1,_ Pol... or the OI·SquIB 

Dlllli'IUII"•• " BI....._ II II""!}, pp. '''_19. 
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TABLE A.4 (cDntinultd) Parcentlles of the F Oi~tribUlion 

Numerator dr 

Den. 
2. 	 1 4 6 7 !l

dr If 

1.00 	 1.10 1.71 1.82 1.89 1.94 l.98 2.00 2.0l
.'0 

n.6 	 H.8 n.2 lB.2 R9 .59.4 19.919.9 49.' 

.9j 

.90 

216 	 221 210 234 237 239 241 
900 922 937 948 917 961 

161 	 200 
648 800 864 


.99 


.911 
4,0$2 5,000 .I,40l ',62.'l 5,764 l,U9 .1,928 '.981 6,0:12 

.99.5 16,111 20,000 21.ilS 22,$00 2l.0.56 2l.4l7 23.71.5 21.92.5 24.091 

.999 4Ol,280 .500,000 .540,180 .562,.,00 516,400 '13,940 192.1170 .598,140 602,280 

1.13 	 L21 1.2l 1.28 1.10 I.n 1.110.667 1.00•.50 
9.00 	 9.16 9.24 9.29 9.ll US 9.l7 9.388.ll.90 

19.2 	 19.2 19.1 19.1 19.4 19.4 19.4IB•.5 	 19.0.91 
19.3 	 39.l 39.4 J9.4 J9.418.1 	 39.0 39.2 19.2.91.1 

99.4 	 99.4 99.498 • .1 99.0 99.2 99.7 99.1 99.1 
199 199 

.99 
199 	 199 199 199 199 199 199.99' 

999.2 	 999.2 999.3 999:1 999.4 999.4 999.4.999 998.' 	 999.0 

O • .lU 0.881 1.00 • 1.06 1.10 1.ll I." 1.16 1.17 
l.l4 $,46 '.]9 .5.l4 .5.J\ 1.28 .5.27 5.2$ 1.24 

1 	 •.50 

.90 

.91 
 10.1 	 9.18 9.12 9.01 8.94 B.89 8.15 1.819." 

16.0 	 U.4 IU 14.9 14.7 14.6 14..1 14•.117.4 

.99 

.97.5 

14.1 ]0.8 29 • .5 28.1 21.2 27.9 27.7 27.5 27.1 

.5'-6 49.8 47•.5 46.2 4.5.4 44.8 44.4 44.1 43.9.99.5 
.999 167.0 	 14U 141 •.1 137.1 134.6 U2.S 1l1.6. 1J0.6 129.9 

0.149 0,828 0.941 1.00 1.04 1.06 1.08 1.09 1.10 

.90 
4 	 •.50 

4 • .54 	 4.12 4.19 4.11 4.0' 4.01 l.98 1.9.5 J.94 
6.94 	 6.J9 6.19 6.26 6.16 6.09 6.04 6.007.71.91 

9.60 	 9.16 9.10 9.07 8.98 1.9012.2 10.6 9.98 

.99 

.91' 

21.2 18.0 16.7 16.0 1.5.1 1l.2 IS.O 14.8 14.7 

.995 26.l· 24.1 	 21.2 22•.1 22.0 2Ui 21.4 21.1 
$3.4 50.1 49.7 49.0 48•.5 

ll.l 
74.1 	 61.2 56.2 ".7.", 

1.04 	 1.0.5 1.060 • .128 	 0.799 0.901 0.96$ 1.00 1.01j 	 •.50 
3.62 	 J.n J.4' 3.40 l.17 l.]4 J.ll4.06 	 1.78.90 

6.61 	 1.79 1.41 .5.19 .5.0j 4.9.5 4.88 4.82 4.77." 7.76 	 1.J9 7.U 6.98 6.Bl 6.76 6.6.10.0 8.4l 

.99 

.973 

16.3 	 n.l 12.1 11.4 11.0 10.7 10•.5 10.1 10.2 

22.8 	 IB.l 16.5 U.6 14.9 14.5 14.2 14.0 !l.1.9!U 
13.2 	 JI.I 29.B 28.8 28.2 27.6 21.247.2 	 31.1.999 

0.51l 	 0.780 0.886 0.942 0.917 1.00 1.02 1.01 1.046 	 .jO 
1.46 	 J.29 1.U 1.11 J.O.5 1.01 2.98 2.96J.n.90 

4.103.99 	 5.14 4.76 4 • .51 4.19 4.28 4.2\ 4.".9.1 
6.13 	 1.99 U2 no .5.60 5.52.97l 8.BI 7.26 6.60 

.99 13.7 10.9 9.78 .9.U 8.75 8.47 8.l6 8.10 7.98 

.993 18.6 14.5 12.9 11.0 11 •.5 ILl 10.8 10.6 10.4 

.999 ].1 . .5 21.0 23.7 21.9 20.8 20.0 \9.5 19.0 IB.7 

1.01 	 1.020.767 	 0.871 0.926 0.960 0.981 1.00.50 0.'06 
2.n 	 2.78 2.7.5 1..723 • .59 1.26 l.07 2.96 2.81 


.9.1 


.90 
4.74 4.U 4.12 1.97 1.87 1.79 1.11 3.68 

.915 8m 6 . .54 U9 5 • .52 5.29 .5.12 4.99 4.90 4.82 

.99 

5." 

12.2 	 8.4j 7.8.5 7,46 7.19 6.99 6.84 6.72
9." 

.9" 16,2 n.4 10.9 10.1 9 • .52 9.16 8.89 8.68 8.$\ 

.999 29.2 21.7 18.8 17.2 16.2 U., 1$.0 14.6 14.1 

,'.~{.. 

;?t~: 

TABLE A.4 (continut!ti) P~rcentilC5 of the F Distribution 

Numerator df 
Oon. 

10 	 12 15 20 24 30 60df ~ 

I •.s0 2.04 2.07 
.90 60.2 60.7 
.95 242 244 
.91.1 969 977 
.99 6,0.16 6.106 
,99.5 14,2!4 ~4.416 
.999 6Oj,620 610.670 

2 •.10 1.34 1.16 
.90 9.19 9.41 
.9.5 19.4 \11.'1 
.97.5 J9,4 19.4 
.99 99.4 99.4 
.995 199 199 
.999 999.4 999.4 

3 .$0 1.13 1.20 
.90 Ul 5.22 
.95 H.19 8.74 
.915 14.4 14.1 
.99 27.2 27.1 
.99.\ 41.1 43.4 
.999 129•.2 In.! 

4 .$0 1.11 1.11 
.90 J.92 1.90 
.95 5.96 1.91 
.97.5 8.H4 8.75 
'.99 14.5 14.4 
.99j 21.0 20.7 
.999 48.1 47.4 

5 .50 1.07 1.09 
.90 l.lO l.27 
.9$ 4.74 4.6B 
.97.5 6.62 6.'2 
.99 10.1 9.a9 
.995 11.6 13.4 
.999 26.9 26.4 

6 .50 '1.0.5 1.06 
, .90 2.94 2.90 

.95 4.06 4.00 

.971 $.46 5.11 

.99 1.81 1.12 

.99.5 10.2 10,0 

.999 18.4 18.0 

1 •.50 1.01 1.04 
.90 2.70 2.67 
.95 1.64 l.n 
.975 4.16 4.61 
.99 6.62 6.47 
.99.5 8.38 B.18 
.999 14.1 11.7 

2.09 	 1.ll 1.1l 2.15 2.17 
61.1 61.7 6Z.0 61.1 61.• 
246 248 249 ISO 2n 
985 991 997 1,001 1.010 

6.157 6.109 6.2ll 6.261 6.11) 
14,6l0 14,H36 24,940 25.044 2j,25] 

120 a: 

2.18 	 2.20 
61.1 61.1 
253 2.S~ 

1.014 1.018 
6.119 6,166 

:U.l,59 1$,464 
61.5,760 610,910 611,.500 616,100 611.140 61l,910 616,610 

UK 1.l9 1.40 1041 L41 1.41 1.44 
9.41 9.44 9.4$ 9.46 9,41 9.48 9.4~ 
19.4 19.4 1'1.5 19.5 19.$ 19.5 19,3 
19.4 19.4 19.5 19.5 19.5 19.5 19J 
99.4 99.4 99.5 99.5 99.S 99.1 99•.1 
199 199 199 199 199 199 .!OC 

999.4 . 999.4 999.' 999 • .1 999.j 999 • .1 999.~ 

1.21 1.21 1.2J 1.24 1.1.5 1.26 1.21 
.1.10 .5.16 '.IN '.17 1.1l .5.14 5.IJ 
8.10 8.66 8.64 8.112 B . .57 8.5' Ul 
14.1 14.2 14.1 14.1 14.0 (J.9 Il.g 
26.9 26.7 26.6 26.$ 26.3 26.2 26.1 
41.1 41.8 4U 41 . .5 41.\ no 41.8 

127.4 126.4 12$.9 125.4 124.$ 114.0 I2JJ 

1.14 1.1l 1.16 1.16 1.18 1.18 1.19 
1.81 U4 1.83 1.82 1.19 J.n l.16 
5.86 5.HO 5.77 .'l.75 3,69 $.66 l.6J 
8.66 U6 8.51 8.46 8.16 8.11 8.26 
14.2 14.0 11.9 D.8 13.1 Il.6 [ ].5 
20.4 20.2 20.0 19.9 19.6 19.j I'.l 
46.B . 46.1 45.8 4.5.4 44.1 401.4 44.1 

1.10 1.11 1.12 1.12 1.14 1.14 Ll5 
1.24 1.21 l.19 1.17 3.14 l.12 1.11 
4.62 4.56 4.$J 4.50 4.4J 4.40 4.37 
6.41 6.13 6.28 6.23 6.12 6.01 6.02 
9.12 9.5.5 9.41 9.11 9.20 9.11 9.02 
Il.l 12.9 12.8 12.1 12.4 12.1 12.! 
25.9 21,4 2.1.1 24.'1 24.1 24.1 21.8 

1.01 1.08 1.09 1.1 a 1.11 1.12 1.12 
2.87 2.84 2.82 2.80 2.16 2.14 2.72 
J.94 J.87 1.114 l.81 3.74 1.70 1.67 
5,27 '.17 .5.12 .5.07 4.96 4.90 4.U 
7.56 .. 7.40 1.11 7.21 1.06 6.91 6,88 
9.81 9.59 9.47 9.16 9.12 9.00 U8 
17.6 17.1 16.9 16.7 16.2 16.0 13.7 

1.0$ 1.07 1.07 1.08 1.09 1.10 1.10 
2.63 2.59 2.l8 2.56 2.51 2.49 2.47 
3.51 3.44 3.41 1.18 ].]0 1.27 l.13 
4.57 4.47 4.42 4.36 4.25 4.20 4.14 
6.11 6.16 6.01 .1.99 '.82 .1.14 .l.65 
7.97 7.7.5 7.6' 7 • .53 1.11 1.19 7.08 
Il.J 12,9 12.1 12.5 12.1 11.9 11.1 

U]] 



·_-·I~~· :. 
TABLE A.4 (continllld) Percentiles of the F DistributionTABLE A.4 (CDIlIiIlU.d) PCI"CIIRliles of the F Distribution 

Den. 
Numcralor d( 

d! 4 2 J 4 1 6 7 8 9 

8 .10 0.499 0.751 0.860 0.91$ 0.948 0.971 0.988 1.00 1.01 
.90 1.46 1.11 2.92 2.11 2.71 2.67 2.62 2.19 2.$6 
.91 5.32 4.46 4.07 3.84 3.69 3.58 3.50 l.44 1.l9 
.911 7.17 6.06 $,41 S.OS 4.82 4.65 01 4.43 4.16 
.99 11.1 8.65 U9 7.01 6.63 6.37 6.18 6.03 ~.91 
.99' 14.7 11.0 9.60 8.81 8.30 7.95 7.69 7.50 7.]4 
.999 lJ.4 18•.1 1$.8 14.4 11.1 12.9 12.4 12.0 11.8 

9 .50 0.494 0.749 0.8n 0.906 0.939 0.962 0.978 0.990 1.00 
.90 
.95 

1.111 
s.ll 

J.OI 
4.26 

2.81 
3.86 

2.69 2.61 
3.63 3.48 

2..5, 
1.l1 

2.51 
3.29 

2.47 
l.n 

2.44 
1.U 

.9n 7.21 J.7I S.08 4.72 4.48 4.32 4.20 4.10 4.03 

.99 10.6 8.02 11.99 6.42 6.06 5.80 5.61 $,41 5.ll 

.99.1 11.6 10.1 8.72 7.96 7.41 1.13 6.88 6.69 6.54 

.999 22.9 16.4 !l.9 12.6 11.7 11.1 10.1 10.4 10.1 

10 .,so 0.490 0.743 O.US 0.899 0.9J2 0.9$4 ~.971 0.983 0.992 
.90

.".975 

1.29 
4.96 
6.94 

2.92 
4.10 
.1.46 

2.71 
1.71 
4.83 

2.61 2.ll 
1.48 l.ll 
4.41 4.24 

J.46 
1.22 
4.07 

1.41 
1.14 
3.9s 

2.18 
1.01 
J.8S 

2.J$ 
J.02 
3.78 

.99 10.0 7.16 6.JS 5.99 J.64 $.39 5.20 .1.06 4.94 

.99.1 12.8 9.43 8.08 7.34 6.87 6.$4 6.30 6.12 $.91 

.999 21.0 14.9 12.6 ILl 10.1 9.93 9.n 9.20 Uti 

12 .10 0.484 0.7J$ 0.81$ 0.888 0.921 0.943 0.959 0.972 0.981 
.90 1.18 2.81 2.61 2.48 2.39 2.ll 2.28 2.14 2.21 
.91 4.11 J.89 1.49 1.26 3.11 1.00 2.91 2.1$ 2.80 
.9ll 6.1.s '.10 4.47 4.12 1.89 3.73 1.61 1.11 3.44 
.99 
.9" 

9.Jl

II.' 
6.91 
UI 

5.95 
7.23 

1.41 S.06 
6.52 6.01 

4.82 
5.76 

4.64 
S.ll 

4.50 
S.U 

4.19 
5.20 

.999 IU 11.0 10.8 9.61 8.89 8.l8 8.00 1.71 1.48 

U .lO 0.411! Q.726 0.826 0.818 0.911 0.913 0.949 0.960 0.910 
.90 1.07 2.10 2.411 2.16 2.27 1.21 2.16 2.12 2.09 
.91 4.54 3.68 3.29 3.06 1.90 2.19 2.71 2.64 2.n 
.911 6.20 4.11 4.15 l.80 3.11! 3.41 1.29 UO l.12 
.99 8.68 6.16 5.42 4.89 4.56 4.32 4.14 4.00 1.89 
.991 
.999 

10.8 
16.6 

7.70 
11.3 

6.48 
9.34 

'.SO '.37 
8.15 7.n 

5.01 
1.09 

4.U 
6.74 

4.61 
6.41 

4.54 
6.26 

20 .'0 0.412 0.718 0.816 0.868 0.900 0.921 0.938 0."0 0.!H9 
.90 2.91 2.S9 2.38 2.25 2.16 1.09 2.04 2.00 1.96 
.91 4.JS 1.49 1.10 2.87 2.71 2.60 1.$1 2.45 2.19 
.91$ J.87 4.46 1.86 l.SI 1.29 l.ll 1.01 2.91 1.84 
.99 8.10 U, 4.94 4.43 4.10 1.87 3.70 1.l6 3.46 
.991 9.94 ti.99 H2 '.17 4.76 4.47 4.26 4.09 1.96 
.99~ 14.8 9.9l 8.10 7.10 6.46 6.02 '.69 l.44 5.24 

14 •.50 0.469 0.114 0.812 0.861 0,895 0.917 0.932 0.944 0.913 
.90 2.93 2.S4 2.1l 2.19 2.10 2.114 1.9B 1.94 1.91 
.91 4.26 ].40 3.01 2.78 2.62 2.lI 2.42 2.]6 2.10 
.971 S.12 4.]2 \ 3.72 3.38 1.15 2.99 U7 2.18 2.70 
.99 
.99S 
.999 

7.82 

9.'" 
14.0 

HI 
6.66 
9.34 

4.72 
's.n 
7.'5 

4.22 l.90 
4.89 4.49 
6.n '.98 

3.61 
4.20 
Ul 

UO 
3.99 
.s.n 

3.]6
l.n 
4.99 

1.26 
].69 
4.80 

Humcralor d( 
Don. 

df .1 10 12 IS 20 24 lO 60 \20 co 

8 .10 
.90 
.9.1 
.91.1 
.99 
.99S 
.999 

1.02 
U4 
3.U 
4.l0 
HI 
7.21 
11.5 

1.03 
2.50 
1.28 
4.20 
5.61 
7.01 
11.2 

1.04 
2.46 
].12 
4.10 
LS2 
6.81 
10.8 

1.05 
2.42 
]." 
4.00 
S.36 
6.61 
10.S 

1.06 
2.40 
1.12 
US 
US 
6.50 
10.3 

1.07 
2.18 
l.08 
1.89 
UO 
6.40 
10.1 

1.08 
2.34 
].01 
1.7~ 

5.03 
6.18 
9.73 

1.08 
2.32 
2.97 
].n 
4.95 
6.06 
9.S1 

1.09 
2.29 
2.93 
3.67 
4.86 
US 
9.11 

9 .50 
.90 
.95 
.91S 
.91)' 
.99' 
.999 

1.01 
2.42 
1.14 
3.96 
1.26 
6.42 
9.89 

1.02 
2.18 
].01 
1.87 
5.11 
6.23 
9." 

1.03 
2.34 
3.01 
3.11 
4.96 

• 6.0] 
9.24 

1.04 
2.]0 
2.94 
].67 
~.81 
5.8] 
8.90 

1.05 
2.28 
2.90 
3.6' 
4.73 
5.1] 
8.12 

1.05 
2.25 
2.86 
].56 
4.65 
'-62 
8.ll 

1.07 
2.21 
2.79 
1.4.1 
4.48 
'.41 
S.19 

L07 
2.18 
2.7$ 
3.19 
4.40 
'.JO 
8.00 

1.08 
2.16 
2.1' 
l.3] 
4.)\ 
'.19 
1.BI 

10 .10 
.90 
.9$ 
.975 
.99 
.993 
.999 

I.DO 
2.12 
2.91 
3.12 
4.8.s 
5.8.5 
8.7.~ 

1.01 
2.28 
2.91 
1.62 
4.11 
S.66 

'8.45 

1.02 
2.24 
2.84 
1.52 
4.$6 
'-41 
8.13 

I.OJ 
2.20 
2.77 
1.42 
4.41 
$.17 
1.80 

1.04 
2.18 
2.74 
1.17 
4.ll 
S.ll 
1.64 

1.0' 
2.16 
2.70 
1.]1 
4.2.1 
5.01 
7.41 

1.06 
2.11 
2.62 
1.20 
4.08 
4.86 
7.12 

1.06 
2.08 
2.$8 
1.14 
4.00 
4.73 
6.94 

1.07 
2.D6 
2.54 
].08 
1.91 
4.64 
6.76 

12 •.10 
.90 
.9' 
.91.5 
.99 
.995 
.999 

0.989 
2.19 
2.7S 
l.n 
4.J0 
l.O9 
1.29 

1.00 
2.11 
2.69 
3.28 
4.16 
4.91 
7.00 

1.01 
2.10 
2.62 
l.18 
4.01 
4.72 
6)1 

1.02 
2.06 
2.54 
l.07 
1.86 
1.H 
6.40 

1.0l 
2.04 
2.SI 
1.02 
1.78 
4.41 
6.2S 

1.01 
2.01 
2.47 
2.96 
1.70 
4.31 
6.09 

LOS 
1.96 
2.18 
2.~S 
3.54 
4.12 
5.76 

1.05 
1.93 
2.34 
2.19 
1.4.1 
4.01 
.1.n 

1.06 
1.90 
2.10 
2.72 
).J6 
1.90 
'.42 

Ij .10 
.90 
.95 
.91l 
.99 
.995 
.999 

0,977 
2.06 
U4 
1.06 
UO 
4.42 
6.D8 

0.989 
2.02 
2.48 
2.96 
1.67 
4.2i 
5.81 

1.00 
1.97 
2.40 
2.86 
l.ll 
4.07 
l.S4 

1.01 
1.92 
l.ll 
1.76 
1.l7 
J.n 
5.25 

1.02 
1.90 
2.29 
2.10 
].29 
3.79 
.!i.10 

1.02 
1.87 
2.ll 
2.64 
3.21 
1.69 
4.95 

1.0) 
I.B2 
2.16 
2.52 
3.0S 
l.4H 
4.64 

1.04 
1.19 

. 2.11 
2.46 
2.96 
1.37 
4.48 

1.0' 
1.76 
2.07 
2.40 
2.61 
1.26 
4.31 

20 •.50 
.90 
.93 
.975 
.99 
.99l 
.999 

• 0.966 
1.94 
2.33 
2.77 
3.17 
3.83 
1.08 

0.917 
1.89 

.2.211 
2.68 
3.2] 
].68 
4.82 

0.989 
1.84 
2.20 
'U7 

1~9 
1. 0 
4.36 

1.00 
1.79 
2.12 
2.46 
2.94 
1.12 
4.29 

1.01 
1.77 
2.08 
2.41 
2.86 
3.22 
4.15 

1.01 
1.14 
2.04 
2.ll 
2.78 
1.12 
4.00 

1.02 
1.68 
1.95 
2.22 
2.61 
2.92 
1.10 

1.0) 
1.64 
1.90 
2.16 
2.n 
2.81 
1.H 

1.0J 
1.61 
1.64 
2.09 
2.42 
2.69 
1.18 

24 .'0 
.90 
.95 
.975 
.99 
.99' 
.999 

0.961 
1.88 
2.ll 
2.64 
1.17 
1.$9 
4.64 

0.911 
1.8J 
2.18 
2.'4 
].03 
3.42 
4.39 

0.983 
1.78 
2.11 
2.44 
2.89 
3.2.1 
4.14 

0.994 
1.73 
2.0) 
2.J3 
2.74 
3.06 
3.87 

1.00 
1.70 
1.98 
2.27 
2.66 
2.91 
3.74 

1.01 
1.67 
1.94 
2.21 
US 
2.87 
3.'9 

1.02 
1.61 
1.84 
2.08 
2.40 
2.66 
3.29 

1.02 
I..n 
1.79 
2.01 
2.11 
2.n 
3.14 

1.01 
1.S1 
1.7) 
1.94 
2.21 
2.4J 
2.91 
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';".:ndix A Tables 

TABLE A.~ (cDntinlled) Percentiles of the F Distribution 

Numcralord( 
Den. 
d( ... I 2 3 4 5 6 7 8 9 

10 ..50 0.466 '0.709 0.807 0.U8 0.890 0.912 0.927 0.919 0.948 
.90 2.88 2.49 2.28 2.14 2.0.5 1.98 1.91 1.88 1.85 
.9.5 4.17 1.32 2.92 2.69 2.51 2.42 2.11 2.27 2.21 
.975 5.57 4.18 3.59 1.25 1.01 2.B7 2.75 2.65 2.H 
.99 7.56 5.19 4 . .51 4.02 1.70 1.47 1.10 1.17 1.07 
.993 9.18 6.H 3.24 4.62 4.21 1.95 1.74 l.n 3.4.5 
.999 11.1 8.77 7.03 6.12 5.n ,.12 4.82 4.n 4.39 

60 •.50 0.461 0.701 0.798 0.849 0.880 0.901 0.917 0.928 0.9)7 
.90 2.79 2.39 2.18 2.04 1.93 1.87 1.82 1.77 1.74 
.95 4.00 1.15 2.76 2.n 2.37 2.25 2.17 2.10 2.04 
.975 5.29 1.91 1.14 1.01 2.79 2.61 2.l1 2.41 2.ll 
.99 7.08 4.98 4.13 U5 3.34 1.12 2.95 2.82 2.72 
.995 8.49 UO 4.71 • 4.14 1.76 1.49 1.29 1.11 1.01 
.999 12.0 7.77 6.17 3.11 4.76 4.37 4.09 1.86 1.69 

110 •.50 0.4.58 0.697 0.793 0.844 0.873 0.896 0.912 0.923 0.912 
.90 2.75 U5 2.11 1.99 1.90 I.H2 1.77 1.72 1.68 
.95 3.92 1.07 2.68 2.45 2.29 2.18 2.09 2.02 1.96 
.975 5.Il 1.80 1.21 2.89 2.67 2.n 2.19 2.10 2.22 
.99 6.85 4.79 1.95 1.48 1.17 2.96 2.79 2.66 2.56 
.995 8.18 5.'4 4.30 1.92 J.ll J.28 3.09 2.93 2.81 
.999 " .4 7.J2 l.18 4.95 4.42 4.04 3.77 1." 1.38 

CD •.50 0.4" 0.691 0.789 0.819 0.870 0.891 0.907 0.918 0.927 
.90 2.71 2.10 2.08 1.94 1.85 1.17 1.72 1.67 1.63 
.95 1.84 1.00 2.60 2.17 2.21 2.10 2.01 1.94 1.88 
.97$ .5.02 1.69 1.12 2.79 2.H 2.41 2.29 2.19 2.11 
.99 6.63 4.61 3.18 J.ll 3.02 2.80 2.64 2.31 2.41 
.995 7.88 5.30 4.28 1.72 3.ll 1.09 2.90 2.74 2.62 
.999 10.8 6.91 '.42 4.62 4.10 3.74 3.47 1.27 1.10 

Appendix A Table. 11J1 

TABLE A.4 (concluded) Pcrcenlile.~ of the F Distribution 

Den. 
d( ·1 

Num dferalDr 

10 12 IS 20 24 10 60 120 CD 

30 .50 
.90 
.9$ 
.975 
.99 
.99l 
.999 

0.93l 
1.82 
2.16 
:UI 
2.98 
1.34 
4.24 

0.966 
1.77 
2.09 
2.41 
2.84 
1.18 
4.00 

0.978 
1.72 
2.01 
2.31 
2.70 
1.01 
1.75 

0.989 
1.67 
1.91 
2.20 
2.l.5 
2.82 
1.49 

0.994 
1.64 
1.89 
2.14 
2.47 
2.71 
1.16 

1.00 
1.61 
1.84 
2.07 
2.19 
2.61 
1.12 

1.01 
U4 
1.74 
1.94 
2.21 
2.42 
2.92 

1.02 
UO 
1.68 
1.87 
2.11 
2.10 
2.76 

1.02 
1.46 
1.62 
1.79 
2.01 
2.18 
2.59 

60 .'0 
.90 
.95 
.975 
.99 
.99S 
.999 

0.94' 
1.71 
1.99 
2.27 
2.61 
2.90 
3.54 

0.956 
1.66 
1.92 
2.17 
2.l0 
2.74 
3.12 

0.967 
1.60 
1.84 
2.06 
2.U 
2.37 
3.08 

0.978 
1.54 
f.7S 
1.94 . 
2.20 
2.39 
2.83 

0.981 
UI 
1.10 
1.88 
2.12 
2.29 
2.69 

0.989 
1,48 
1.63 
1.82 
2.01 
2.19 
2.ll 

1.00 
1.40 
Ul 
1.67 
1.84 
1.96 
2.25 

1.01 
U5 
1.41' 
U8 
1.73 
1.81 
2.08 

1.01 
1.29 
1.19 
1.48 
1.60 
1.69 
1.89 

120.50 
.90 
.9' 
.975 
.99 
.99' 
.999 

0.939 
1.65 
1.91 
2.16 
2.47 
2.71 
1.24 

0.950 
1.60 
1.81 
2.p5 
2.14 
2.'4 
1,02 

0.961 
U5 
1.75 
1.95 
2.19 
2.17 
2.78 

0.972 
1.48 
1.66 
1.82 
2.01 
2.19 
2.53 

0.978 
1.45 
1.61 
1.76 
1.95 
2.09 
2.40 

0.983 
1.41 
U5 
1.69 
1.86 
1.98 
2.26 

0.994 
1.32 
1.41 
I.n 
1.66 
1.1.5 
1.95 

1.00 
1.26 
1.l5 
1.43 
1..53 
1.61 
1.77 

1.01 
1.19 
1.25 
I.lI 
1.38 
1.41 
U4 

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

0.914 
1.60 
1.81 

2.0' 
2.12 
2.52 
2.96 

0.945 
I.ll 

• 1.1, 
1.94 
2.18 
2.36 
2.74 

0.956 
1.49 
1.67 
1.81 
2.04 
2.19 
UI 

0.967 
1.42 
1.'7 
1.71 
1.88 
2.00 
2.27 

0.972 
1.]8 
1.52 
1.64 
1.79 
1.90 
2.13 

0.978 
1.34 
1.46 
1J7 
\.70 
1.79 
1.99 

0.989 
1.24 
1.l2 
1.39 
1.47 
1.51 
1.66 

0.994 
1.17 
1.22 
1.27 
1.]2 
1.16 
1.45 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
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TABLE B.7 . Level of Significance a = .01rABLE D.7 Level or Significance Cl = .05 I:: (concluded J)urbln·Wauon "f p-l:= 2' p,.;..1=3· .. p-1 4 P.": .,.= S
Durbin-Walson p-1=1 ---.-' ...l'eslDoumb. 'p- 1 == 1 p.-l 2 p-l=3 P'- 1 4 p:- 1 = 5 
Test Bounds. n d 

L 
du dt:' du dl .. ' ,du ' d" .".: 'du' d L' '. ..du 

n . dt du dt ' dti dL rlu . . dt . - " d,U dL•• • du .: 15 0.81 1.07: 0.70. ·1.25 0.59 . .1.'16 OA9:1.7(j··. 0.39:.'.".96 
15i.08 '1.36' 0.95 1.54 0.82 1.75' 0.69 :.1.97 0.56 2.21 " 16. 0.84' 1.09 0.74 1.25 .0.63. '1.-4.-4 ,'.0.53' ,';'1.66 . 0'.44 '>:1.90 

.16 ·1.10 1:37' "0.98 1.5-4' 0.86 1.73:. 0.74.1.93 : 0.62. 2.15 .'~'" 17 0.S7 1'.10 0.77 1.25. 0.67· .. 1.43 .0.57' .',1.63 . 0.48 ... T.85i.17 1.13', 1.38 1'.02 1.54 0.90. 1.71 . 0.78. "1.90 0.61' 2.10 .: 
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