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QUESTION ONE. [ 6 + 3 + 2 + 3 + 5 + 6 marks] 

1.1. 	 Express the General Linear Regression Model with p predictor variables, including all 

assumptions, in matrix terms. 

1.2. 	 The following results were computed from a multiple regression model with n = 12: 

4.174 -0.175 
0.069] [ 184 ] 

(XX)-l = 0.009 0.002 ,X'Y = 2426 ,and MSE=9.171 
[ 

0.001 4865 

a. Find the estimated regression function. 

b. Estimate the variance-covariance matrix. 

c. Construct a 90% confidence interval for ~. 

d. Construct a 95% joint confidence interval for ~l and ~2' 

e. Test the hypothesis, ~l = 0 against ~l < O. 

QUESTION TWO. 	 [3+3+4+6+9 marks] 

2.1 	 What is Multicollinearity? 

2.2 	 Discuss the effects of perfectly uncorrelated predictor variables on a response variable 

in a first~order regression model. 

2.3 	 State the important problems arise when multicollinearity is present in the model. 

2.4 	 What is Variance Inflation Factor (VIF)? Explain how you can use it to detect 

multicollinearity? 

2.5 	 Discuss six remedial measures for serious multicollinearity present in the regression 

model. 

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

3.1 	 What is Heteroscedasticity? What happens to OLS estimator in the presence of 

heteroscedasticity? 

3.2 	 What is Generalized Least Squares (GLS) method? Explain how the GLS method works 

to obtain estimates ofregression coefficients when heterosced~icity is present. 

3.3 	 Explain the Goldfeld~Quandt test procedure how it helps to detect Heteroscedasticity 

3.4 	 Carry out the Spearman's rank correlation test to detect heteroscedasticity at the 5% level 

of significance if Ld/2 = 114; where di is the difference in the rank assigned to the 

predictor variable and the absolute value ofthe residuals in a sample of 10 units. 
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OUESTION FOUR. [4+4+6+4+7marks] 

4.1 	 Defme Autocorrelation. State the causes of positively autocorrelated error terms in 
economic data. 

4.2 	 State the Generalized Multiple Regression model when the random error terms follow 
a first order autoregressive process. 

4.3 	 The least-squares regression equation f, =98.1 + 5.OX, has been fitted to the 

following data. Use Durbin-Watson test statistic to test the existence of positive 
autocorrelation at a= 0.01 and also consider ~:<e, - e,_1)2 = 309.26. 

x, Y, Xl Y1 Xl Yt--
1 97.0 6 125.5 11 150.6 

2 109.7 7 132.9 12 157.8 

3 110.3 8 139.7 13 158.3 

4 121.5 9 145.6 14 166.9 

5 130.4 10 149.4 15 175.8 

4.4 	 Given a sample of 40 observations and 5 predictor variables with 5% level of 
significance, what can you say about autocorrelation (positive or negative) if 

(i) D = 1.05? 

(ii) D = 1.60? 

(iii) D =2.10? 

(iv) D =3.50? 


[You must show all your work regarding your conclusions] 


4.5 	 To eliminate the problem of autocorrelated errors, we use transformed variables. 
There are three methods for this purpose. State and compare those methods and 
discuss how to select any specific method. 

OUESTION FIVE. 	 [ 2 + 3 + 4 + 4 + 4 + 4 + 4 marks ] 

The following tables are the partial SPSS output of a multiple regression problem running 

with same y and with predictor variables mentioned in the respective table: 

Coefficients-

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig.B Std. Error Beta 

1 (Constant) 

x1 

x2 

x3 

x4 

x5 

60.106 

4.946 

2.358 

-8.230 

.095 

-8.671 

26.596 

2.678 

.889 

1.993 

1.558 

3.252 

.636 

.753 

-1.082 

.030 

-.803 

2.260 

1.847 

2.651 

-4.129 

.061 

-2.667 

.050 

.098 

.026 

.003 

.953 

.026 

a. Dependent Variable: y 
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ANOVA 


Model Sum of Squares df Mean Square F ,Sig . 

1 Regression 

Residual 

Total 

1813.882 

392.912 

2206.795 

5 

9 

14 

362.776 

43.657 

8.310 . 003a 

a. Predictors: (Constant), x5, x2, xi, x3, x4 

ANOVA 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 

Residual 

Total 

1503.445 

703.349 

2206.795 

4 

10 

14 

375.861 

70.335 

5.344 .014

a. Predictors: (Constant), x4, x3, x2, xi 

ANOVA 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 

Residual 

Total 

1357.668 

849.127 

2206.795 

3 

11 

14 

452.556 

77.193 

5.863 .012

a. Predictors: (Constant), x3, x2, xi 

ANOVA 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 

Residual 

Total 

922.620 

1284.175 

2206.795 

2 

12 

14 

461.310 

107.015 

4.311 .039

, a. Predictors: (Constant), x2, xi 

ANOVA 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 

Residual 

Total 

82.876 

2123.918 

2206.795 

1 

13 

14 

82.876 

163.378 

.507 .4898 

a. Predictors: (Constant), xi 

Answer the following questions based on the above two tables: 

a 	 State the fitted regression line for the full model with five predictor variables. 
b. 	 Test the goodness of fit of the model in part (a). Only state the null and alternative 

hypotheses, the decision and the conclusion. 
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c. 	 Calculate the coefficient ofmultiple detennination, R? for the model in part (a). How 
is it interpreted here? 

d. 	 Do the data present sufficient evidence to indicate that X2 contributes infonnation for 

the prediction ofy. 

e. 	 Test the hypothesis, ~l = 5 against ~l *' 5. 

f. 	 Test whether Xs can be dropped from the regression model given that the remaining 

four predictor variables are retained. Use a =0.05. 

g. 	 Test whether )4 and Xs can be dropped from the regression model that already 

contains Xl; X2 and X3. Use a = 0.01 . 



II 

lpendix A Tables 

TABLE A.l Percenriles DC Ihe , Distribulion 

Entry iI/CA; v) where P{/(I') :!; I (A; v)) .. A 

I(A; 1') 

A 

.60 .10 .80 .U .90 .9! •91' 

I 
1 
1 
4, 

6 
1 
I 
9 

10 

II 
\2 
11 
14 
U 

16 
17 
II 
19 
10 

11 
11 
2l 
14 
1l 

26 
21 
II 
29 
30 

40 
60 

110.. 


D.lll 
0.119 
0.117 
0.111 
0.261 

O.W 
0.263 
0.161 
0.261 
0.260 

0.260 
0.ll9 
0.ll9 
0.151 
O.lll 

0.1!1 
O.lll 
0.2S1 
0.ll7 
0.ll7 

o.m 
0.lS6 
0.ll6 
0.2l6 
0.ll6 

0.2" 
0.lS6 
0.1311 
0.ll6 
0.ll6 

O.llS 
0.ll4 
0.154 
0.1!1 

0.111 
0.611 
0.314 
0..569 
D.'" 
o.m 
0.'49 
0.'46 
0 • .543 
0."<11 

0 • .5<10 
0 • .519 
0.n7 
0.!11 
0.'36 

0.13' 
1i.134 
0.l34 
0.ll3 
0.ll3 

0 • .532 
O.lll 
0.311 
0.531 
0-'31 

0.l31 
Ii.UI 
O.llO 
0.330 
0.'30 

0.ll9 
0.127 
0.n6 
00-'24. 

l.316 
1.061 
O.!I71 
0,941 
0.910 

O.!I06 
0.196 
0••19 
o.•n 
0.179 

0.116 
0.111 
0.110 
0.161 
0.166 

,IUd' 
0.163 
0.162 
0.161 
0.160 

0.IS9 
0.". 

'o.UI 
,.' '0.1" 

0.136 

0.1$6 

0 •• " 
0.1" 
0."4 
0 •• '<1 

O.UI 
0.141 
0.143 
0.142 

1.963 
1.]16 
l.llO 
1.190 
I.m 
1.134 
1.119 
1.101 
1.100 
1.093 

1.011 
1.011 
1.019 
1.076 
1.0701 

l.011 
1.069 
1.067 
1.066 
1.0601 
1.063 
1.061 
1.060 
1.0" 
1.031 

1.0l. 
1.037 
1.036 
1.0l' 
1.0l! 

1.030 
1.04' 
I.MI 
1.036 

3.01! 
1.116 
Ul. 
un 
1.476 

1.440 
1.41S 
1.391 
1.383 
1.312 

1.363 
1.3!6 
I.UO 
1.14' 
l.J41 

1.117 
1.333 
1.330 
1.121 
I.lll 

Ull 
1.121 
1.319 
l.ll8 
1.J16 

l.llS 
1.31<1 
1.1I) 
1.311 
1.310 

l.lOl 
1.296 
1.119 
1.211 

6.314 
l.na 
2.l'3 
l.IJ2 
2.01J 

l.943 
"'95' 
1.160 
1.133 
1.111 

l.796 
1.711 
1.711 
1.761 
1.7H 

\.746 
1.140 
1.73<1 
1.729 
I.ru 

1.721 
1.717 
l.714 
1.711 
1.701 

1.706 
,,7OJ 
1.701 
1.699 
1.697 

1.614 
1.611 
1.651 
1.14' 

tl.706 
4.303 
:1.112 
1.176 
1.311 

2.441 
1.36.5 
1.306 
'l.l62 
1.211 

1.101 
1.119 
1.UO 
2.14' 
2.111 

2.llO 
2.110 
1.101 
2.093 
2.086 

1.080 
1.074 
2.069 
2.064 
2.060 

2.036 
1.0n 
2.041 
2.04j 
1.042 

2.011 
'2.1100 
1.980 
1.960 _._._-

Al'I"'ndlx A Tables 111' 

TABLE A.l (Cllnclud.tl) Percenlilcs of thc I Distribulion 

.. 
A 

.91 .915 .99 .9923 .993 .997' ."" 
I 
2 
3 
4 
5 

6 
7 
1 
9 

10 

II 
12 
13 
14 
U 

16 
11 
II 
19 
10 

21 
21 
2l 
24 
1l 

16 
11 
18 
29 
3D 

40 
60 

110.. 

".193 
~.1"9 
1.482 
1.999 
2.U7 

2.611 
UI1 
2.449 
2.J9. 
1.ll9 

1.311 
2.103 
1.1&1 
1.164 
2.149 

l.ll' 
2.22<1 
2.1'4 
2.20' 
2.191 

1.1.9 
1.181. 
2.177 
2.172 
2.167 

.2.162 
un 
1.1'4 
2.130 
1.147 

2.111 
2.09'1 
2.076 
1.054 

21.20' . 31.121 
3."3 !I.9M 
3 •• 96 U41 
3.191 3.147 
3.0Il3 1.16S 

1.119 3.1~1 
1.71l 2.991 
2.614 2.196 
2.:174 1.811 
lj11 2.714 

2.491 2.118 
1.461 1.681 
1....,6 . 1.6'0 
1.41$ 1.61" 
1.397 2.601 

2.381 2.513 
1.3'1 1.367 
1.)36 1.331 
2.346 1.l19 
1.336 2.na 

2.328 2.Jl8 
1.120 1..101 
2.m 1.300 
2.107 2.492 
2.101 2."" 
2.196 2.47'1 
2.191 1.41l 
1.116 1.467 
2.212 1.461 
2.171 2.4~7 

1.250 1.4ll 
1.121 2.390 
2.196 2.lll 
1.170 2.126 

41.434 
••071 
l.047 
4.011 
3.634 

1.112 
3.203 
3.01l 
1.99. 
2.932 

2.879 
1.116 
1.BOI 
1.771 
1.146 

2.12'" 
2.706 
2.619 
2.614 
2.661 

1.649 
2.619 
1.629 
2.620 
2.1112 

1.603 
2.398 
1.592 
2.316 
2."1 

2 • .541 
1.304 
1.461 
1.4Jl 

63.6.57 
9.915 
U4' 
4.604 
4.Ul2 

1.101 
1.499 
3.1lS 
3.2'0 
3.169 

3.106 
3.03' 
3.011 
2.971 
2.947 

1.911 
1.198 
1.811 
2 •• '1 
1.1"'5 

2.1l1 
2.119 
1.107 
2.191 
2.717 

• 2.179 
1.771 
2.163 
2.7!l6 
2.750 

2.704 
2.660 
1.617 
2.516 

127.n2 
'4.019 
1.431 
U98 
4.m 
011 
4.U19 
l.m 
1.690 
URI 

M91 
1.421 
1.ll2 
1.]26 
1.216 

1.252 
3.121 
1.191 
3.114 
3. III 

l.llS 
1.119 
1.104 
1.091 
1.078 

1.067 
1.On 
3.041 
1.011 
3.01U 

2.911 
1.913 
2.160 
2.8117 

636.590 
31.391 
12.924 
1.610 
6.169 

B59 
UOI 
s.D41 
4.711 
4.'s17 

4.4]7 
4.111 
4.111 
4.140 
4.01l 

4.01l 
3.963 
3.921 
1•••3 
3.149 

1.119 
3.791 
3.761 
3.74' 
1.72' 

3.101 
3.690 
3.674 
1.U9 
1.146 

1.53\ 
l.460 
1.173 
1.291 

http:Cllnclud.tl


l'llpendlx A Tables 

TABLE A.3 	 Percentiles of the Di5tribution 

.. 

I 

2 


, 4 
] 

15 

7 

8 

\I 

10 

II 

12 

Il 
14 


U 
16 

17 

II 

19 


20 

21 

22 

1) 


24 


2' 

26 

21 

28 

29 


30 

<10 

'sO 

60 


10 

80 

!lO 


100 


Enrry is Xl(A; v) where P{x,(v) ~ X'(A; v)} .. A 

A 

.OOS ,010 .02' .OSO .100 • 900 .9.50 .971 .990 .99J 

0.0']93 0.0·U7 0.0·912 0.0'193 O.OUI 2.71 1.14 5:01 Ul 7.11 
0.0100 0.0201 0.0'06 0.101 0.111 4.61 ",9 7.31 9.11 10.60 
0.071 0.11.5 0.2115 O.lSl 0,.,14 6.2.5 7.11 11.3.5 11.34 12.14 
0.207 0.297 0.414 0.711 1.064 1.11 UII 11.14 lUI 14.86 

0.412 0.-"4 0.831 1.14' I.IiI 9.24 11.01 12.83 U.09 III.n 

0.676 0.872 1.14 1.154 2.20 10.64 11.-'9 14.4.5 lUI 11..5' 

0.91\1 1.24 U9 2.17 2.8] 12.02 14.01 16.01 18.41 20.21 

1.14 I.6S 2.18 1.7) J.49 lJ.l6 U.S! l7.n 10.09 21.96 

1.71 2.0\1 2.70 l.ll 4.17 14.61 IU1 19.01 21.67 23..59 


2.16 2." 3.2.5 3.94 4.17 1.5.119 II.lI 10.411 lUI 1'.19 
2.60 3.03 3.12 4.n 5.S1 17.21 19.1il 11.92 24.73 16.76 
3.07 l.S7 4.40 .5.21 6.30 11.'.5 21.01 2J.l~ 16.21 2UO 
1 • .57 4.11 '.01 H9 7.04 lUI 22.36 24.74 27.69 19.12 
4.07 4.66 S.61 Ii.n 7.79 21.06 2UI 26.11 29.14 11.32 

4.110 '.23 li.2fi 7.26 8 • .5.5 22.11 2.5.00 27.49 30 • .51 32.80 

5.14 .s.&1 6.91 7.96 9.11 23 •.54 26.30 21." 12.00 34.27 

.'-'0 6.41 7.,1i 1.67 10.09 24.77 2UII )0.19 3MI 3'.72 

6.16 7.01 ••23 9.]9 10.B6 2U9 2U7 11,.,] lUI 37.1 Ii 

6.14 7.61 1.91 10.12 11.6' 27.20 30.14 12.'" 36.19 31..58 


7.4] 1.16 9.S\! 10.U 12.44 28.41 ]\.41 34.17 37 • .57 40.00 
8.01 8.90 10.21 11,.,9 1l.24 2U2 31.67 3.5.41 38.93 41.40 
••64 9.54 10.91 12.34 14.04 30." 1M2 36.71 40.29 42.80 
9.16 10.20 11.69 13.09 I4.8S 32.01 lU7 lI.OI 41.64 44.11 
11.89 10.86 12.<10 Il." 11.66 13.20 36.42 39.16 42.98 4U6 

10•.51 lUI 1l.12 lUI 16.47 3UI 37.1\5 40.6.5 44.31 46.!13 
11.\6 12.20 U.14 IU8 Il.n 35•.56 lU9 41.92 4.5.64 41.19 
11.81 12.81 14.57 16.U 11.11 16.74 40.11 4J.I!I 46.'6 4\1.64 
12.46 IM6 15.31 IU3 1B.94 37.92 41.14 44.46 41.l1 JU9 
11.12 14.16 IUS 11.11 19.77 39.09 42.56 U7l 4\1.S9 SZ.14 

n.19 l4.!lj 	 16.711 11.4\1 20.60 <10.26 43.17 46.118 SO.89 n,6' 
20.71 	 22.16 24.43 26,$1 29.0j ".81 ~j.71i $9.J4 63.69 ".77 
1.!l!l 19.11 31.36 34.76 37.6\1 63.17 6'.$0 71.42 76." 19.49 
S.Sl 31.41 40.41 43.19' 46.46 74.40 19.0' IUO 18.l1 !IUS 

4S.44 41.76 SI.74 n.33 1S..'!3 90 . .5] 9.5.01 10Q.4 104.2 
US4 n." 60.39 64.21 96 . .58 IOU 106.6 112.] 116.1 
6I.7J 6US 69.1l 73.29 107.6 Ill. I 111.1 124.1 Ill.] 
10.06 74.22 77.\11 12.36 118.1 124.1 129.6 IU8 140.2 

s..-.: He........ wlllt pormluloot. r_ C. M. '!1IGmp&on. '11IbIto ........" ...... '11101' .... 1M 01-1...... 

Ill"'"""........ Jllo.MrlIut 3111941), pp. III-It. 


Appendix A Table. 1131 

TABLE A.4 	 Percentiles or Ihe F Distribution 

Entry is F(A; Pt, ...., where P{F(Pt, ,..) :s F.(A; Pt, ..,)} ... A 

II A .. ' •••• ' 

J 	 . I 
 .~ \)rF(A ..... ".)-f'11-A: ....... 1 ... 


.. 


.:1~ 
L 


... 
~;{·.~I· 

~":i';.;.-1 . 



TABLE A.4 (crmtlnll.~tl) Parcentlll:l of the F Dislriblilion TABLE A.4 (cDllfinurd) Percentiles of Ihe F Distribution 

Numcralar dr 
Dcn. 

4dr A 
2 1 l 6 7 8 9 

•.so 1.00 1 • .sO 1.11 1.82 1.89 1.94 1.9. 2.00 2.03 

.90 39.9 49 • .s .53.6 UI Sl.2 $1.2 .s1.9 19.4 l909 

.!I' 161 200 216 221 230 134 2)7 219 241 

•9ll 64 • IQO 864 900 !l22 917 94B 917 96) 

.99 4,on ',000 M03 .s,6U .s,764 .s,1S9 ',928 .s,9BI 6.022 

.993 16,211 20,000 21.11" 22,,00 13,0'6 23,417 23,11' 23.92' 24,091 

.999 4O.s,210 '00,000 '40.J80 '62.,,00 .s76.400 ".s,940 '92.1170 ,,8,'<10 602,280 

2 •.so 0.667 1.00 1.1l 1.21 1.2' 1.211 1.30 1.32 1.33 

.90 UJ 9,00 9.16 9.14 9.19 9.ll 9.ll 9.17 9.18 

.9~ lB.' 19.0 19.2 19.2 19.3 19.3 19.4 19.4 19.4 

.97l 38.J 39.0 39.1 J9.2 39.] 39.3 39.4 39.4 39.4 

.99 91 • .s 99.0 99.2 99,2 99.l 99.3 99.4 99.4 99.4 

.99l 199 199 199 199 199 . \99 199 199 199 

.999 998..S 999.0 999.2 999.2 999.l 999.J 999.4 999.4 999.4 

3 •.s0 o • .sU 0.181 1.00 • 1.06 1.10 1.1l I.Il 1.16 1.11 

.90 l.S4 .s.46 ".39 ".34 .5.31 .uS ".27 .US 3.24 

.U 10.1 9..U 9.11 9.12 9.01 8.94 1.89 I .•' •.81 

.911 17.4 16.0 ".4 U.l 14.9 14.7 14.6 14.5 14.' 

.99 34.1 30.1 29 ..s 21.1 28.2 27.9 21.7 21 • .s 21.] 

.995 ".6 49.8 47.1 46.2 4$.4 44.8 44.4 44.1 4l.9 

.999 167.0 14U 141 ••1 1l1.1 Il4.6 Ill.11 111.6. DO.6 129.9 

4 •.so 0 • .s49 O.I2B 0.941 1.00 1.04 1.06 1.08 1.09 1.10 

.90 4 • .s4 4.32 4.\9 4.11 4.0.s 4.0\ 3.98 l.gs ],94 

.91 7.71 6.94 6.$9 6.39 6.26 6.16 6.09 6.04 6.00 

.91' 12.2 10.6 9.98 9.60 9.36 !I.20 9.07 1.98 '.90 

.99 21.2 11.0 16.7 16.0 Il•.s 1'-2 1l.0 14.8 14.7 

.99.s 31.] 26.l" 24.3 23.2 n.'s 22.0 21.6 21.4 21.1 

.999 74.1 61.2 .s6.2 n.4 .st.7 .s0•.s 49.7 49.0 48 • .s 

~ •.so 0.'21 0.199 0.907 0.96.s 1.00 1.02 1.04 1.O.s 1.06 

.90 4.06 U8 3.62 l.ll 3.4.s ].40 3.31 3.]4 ].ll

." 6.61 .s.79 .s.41 's.19 .s.0.s 4.9" U8 4.12 4.77 

.97" 10.0 8.43 1.76 7.]9 7.1l 6.98 6.8.s 6.76 6.6. 

." 16.3 13.3 12.1 11.4 11.0 10.7 10 • .s 10.3 1D.2 

.9" 21.8 11.3 16." U.6 14.9 14.5 14.2 14.0 1l.1 

.999 47.2 37.1 ]3.2 31.1 2U 28.8 28.2 21.6 27.2 

Ii .50 O • .sU 0.780 0.886 0.942 M17 1.00 1.02 1.03 \.04 

.90 3.71 3.46 3.29 l.18 l.1I 3.0" l.OI 2.98 2.96 

.9" .5." '.14 4.76 U3 4.l9 4.21 4.21 4." 4.10 

.91.5 8.81 1.26 UO 6.23 U9 '-82 ".70 .s.6O .s.n 

.99 1l.7 1M '9.71 .9.1' 8." 8.41 8.26 ••10 7.98 

.99.5 11.6 14.5 12.9 12.0 11 •.s 11.1 10.1 10.6 10.4 

.999 3.U 27.0 23.1 21.9 20.8 20.0 19.5 19.0 1B.1 

1 .50 0.506 0.161 0.811 0.916 0.960 USl 1.00 1.01 1.02 

.90 3 • .s9 3,26 3.01 2.96 2.81 2.1l 2.78 2.75 l.72 

.9l l..59 4.14 4.3' 4.12 1.97 3.11 1.79 l.U 3.68 

.975 8.01 6 . .54 U9 '.n '-29 .s.12 4.99 4.90 4.12 

.99 12.2 9." 8.4.s 7.8' 1.46 7.19 6.99 6.84 6.72 

.99.5 16.2 12.4 10.9 10.1 9.n 9.16 8.89 B.68 B..s1 

.999 29.2 21.7 18.8 17.2 16.2 I'" !J.O 14.6 14.3 '-;,j 

D.::n. 
dr A 

I .10 
. 90 
.91 
.91.5 
.99 
.99' 
.999 

2 ,"0 
,90 
.9.5 
.971 
.99 
.99.5 
.999 

3 .SO 
.90 
.9S 
.97.s 
.99 
•9'lJ 
.999 

4 .'0 
.90 
.9J 
.91S 
'.99 
.!lU 
.999 

, •.s0 
.90 
.9.5 
.971 
.99 
.995 
.999 

a . .so 
, .90 

.!IS 

.9" 

.99 

.99$ 

.999 

7 •.so 
.90 
.95 
.97.s 
.99 
.9U 
.999 

Numerator df 

10 12 Il 20 24 ]0 60, 
2.04 2.01 2.09 1.1:1 2.1l 2.ll 2.17 
60.2 fiIl.7 61.2 61.7 61.0 62.l 61•• 
242 244 246 2411 249 2'0 112 
969 977 981 99l 997 1,001 1.010 

6.0'6 6.106 6.157 6,109 6,n, 6,2111 6,JIl 
14,224 24.42" 24,630 14,dJ6 14,940 2'.044 :U,lJl 

60'.610 610.610 61.S.16O 620,910 623,'00 626,100 631,340 

l.l4 I.J6 UK 1.]9 1.40 1.41 1.43 
9.39 9.41 9.42 9.44 9.4' 9.46 9.47 
1'1.4 19.4 19.4 19.4 I'U 19 . .s 19.5 
]9.4 39.4 ]9.4 19.4 19 • .s 39.l 39.S 

. 99.4 99.4 99.4 99.4 99.' 99.' 99.S 
19'* 199 . 199 199 199 199 199 

999.4 999.4 999.4 . 999.4 999.' 999 . .s 999.' 

1.18 1.20 1.21 I.ll 1.2l 1.24 I.JJ 
.1.13 .s.22 J.20 .s.11I S.II 1.17 J.IS 
8.79 B.74 8.10 Uli 8.64 11.1\2 11.57 
14.4 14.J 14.] . 14.1 14.1 14.1 14.0 
27.2 27.1 26.9 26.7 16.6 26.S 26.3 
4l.7 4].• 4l.1 42•• 42.6 41 • .s 42.1 

129,2 mol 121.4 126.4 12U 12M· 124.1 

1.11 1.13 1.14 LIS 1.16 1.16 1.11 
].92 ].90 l.n 3.84 3.8l l.1l 3.79 
J,96 '.91 . .5.86 UO .s.77 !I.U '.69 
U4 I.U 1.66 8,56 8." •.46 8.]6 
14.S 14.4 14.2 14.0 Il.9 u.s 13.7 
21.0 20.7 20.4 lD.2 20.0 19.9 19.6 
41.1 47.4 46.1 . 46.1 4S.8 41.4 44.7 

1.07 1.09 1.10 1.11 1.12 1.12 1.14 
1.30 l.27 ].24 J.ll 1.19 1.17 l.14 
4.74 4.68 4.62 4.16 4.") 4 . .so 4.43 
6.62 6.n 6.43 6.33 6.21 6.23 6.11 
10.1 9.19 9.72 9.ll 9.47 !I.lI 9.lD 
1l.6 13.4 D.I 12.9 IU 12.7 12.4 
26.9 26,4 2BI 2J.4 1l.1 24.'1 24.) 

'1.0$ 1.06 1.01 1.08 1.09 1.10 1.11 
2.94 2.90 2.17 2.84 2.12 2.80 2.76 
4.06 4.00 l.94 3.87 ].14 3.81 l.74 
'.46 !I.l7 J,27 ".17 's.12 1.07 4.96 
1.11 1.71 1.36 .. 1.40 7.11 7.2l 7.06 
10.2 10.0 9.11 9." 9.41 9.J6 9.12 
18.4 18.0 17.6 17.1 16.9 16.7 16.2 

1.03 1.04 I.OJ 1.07 1.07 1.08 1.09 
2.10 2.67 2.63 2.19 1." 2.16 2." 
l.64 U1 l.n ].44 1.41 l.U 3.JO 
4.76 4.67 4.J7 4.41 4.42 4.36 4.21 
6,62 6.47 6.]1 11.16 6.07 '.99 l.12 
••38 B.II 7.')7 7.7J 7.6" 7."} 7.31 
14.1 1l.7 1],3 12.9 12.7 Il•.s 12.1 

120 a: 

2." 2.20 
6}.1 6].} 
IH 2H 

1.014 1,011 
6.ll9 6,)66 

2.s,HIJ 2.s,464 
6H.970 6l6,610 

1.43 IA4 
'1.« 9.4'1 
19•.s 19.5 
39•.s ]9.l 
99.J 99.5 
199 200 

999.' 999.J 

1.26 1.27 
1.14 .s.ll 

I." B.l} 
11.9 13.9 
26.2 26.1 
41.0 41.8 

114.0 Ill." 
1.18 1.!9 
3.n ].76 
".66 UJ 
B.1I ••26 
11.6 fl.S 
1!1.l 19.1 
4.oJ.4 44.1 

1.14 1.1' 
3.12 1.11 
4.40 4.)7 
6.07 6.02 
9.11 9.02 
12.3 12.1 
24.1 2l.• 

1.12 1.12 
2.74 2.n 
l.70 ].67 
4.90 4.1l 
6.91 6.11 
9.00 8.88 
16.0 ".1 

1.10 1.10 
2.49 2.47 
].27 3.23 
4.20 4.14 
.s.74 u" 
7.19 7.08 
11.9 11.1 

tl33 
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TABLE A.4 (conlinu_4J Pcrcllnlilu of the F Distribution TABLE '\.4 (continued) Percenliles of the F Distribulion 

Numerator dr 
Don. 

Nllmcrator dr 

, Den. 
10 12 IJ 20 24 lO 60 120 GO
1 1 4 6 7 8 9 df .1
de <4 

1.01 1.03 1.04 I.OJ 1.06 1.07 I.OS 1.08 1.090.499 0.7J7 0.860 0.91l 0.948 0.911 0.988 1.00 1.01 .10 

.90 


8 .'0 
2.J4 2.,0 2.46 2.42 2.40 2.]8 2.14 2.ll 2.29 

.9J 
1.46 1.11 2.92 2." 2.11 2.61 2.62 2.$9 2 • .s6 .90 


l.U l.lI l.22 l.U 1.12 J.OI l.OI 1.97 1.93 
.97' 

l.n 4.41> 4.01 1.84 1.69 US l."O 3.44 3.39 .9' 
4.lD 4.20 4.10 4.00 3.9' 1.B!I 3.7. 3.71 3.67 


.99 

1.51 6.06 '.42 '.0' 4.82 4.65 4..S1 4.41 4.36 .!llS 

UI 5.67 '.ll ".36 US J.20 '.OJ 4.9J 4.86 
.99$ 

11.1 8.6.s M9 1.01 11.61 6.J1 6.1& 6.03 .t.91 .!l9 
7.21 1.01 6.11 6.61 6.SO 6.40 6.18 6.06 '.U 


.999 

14.1 11.0 9.60 UI 8.10 1.9$ 1.69 7.S0 7.J4 .99' 

II.J 11.2 10.8 10.' 10.3 10.1 9.71 9.$J 9.ll.999
2".. 18." U.& 14.4 Il.J 12.9 12.4 12.0 11.& 

1.01 1.02 1.03 1.04 1.0l 1.0l I.n7 1.01 1.08 

.90 


0.494 0.149 0.8$2 0.906 0.919 un 0.918 0.990 1.00 9 .'09 .'0 
2.41 2.l8 2.14 2.10 2.28 2.2' 2.21 2.11 2.16 


'.12 4.26 3.86 3.63 1.48 1.11 1.29 3.23 1.11 

.90
3.36 1.01 2.81 2.69 2.61 2." 2.SI 2.47 2.44 

3.14 l.07 1.01 2.94 2.90 2.81\ 2.79 2.7, 2.71.9J." 1.96 3.11 3.17 l.67 3.61 3.J6 1.4J 3.39 1.11 

.99 


7.21 '.71 $.OS 4.11 4.48 4.12 4.20 4.10 4.0J .!l1'.91' 
'.26 '.11 4.96 4.81 4.73 4.6$ 4.41 4.40 4.11 

.99$ 
.9,.10.6 8.02 6.99 6.42 6.06 $.10 ".61 '-41 s.n 
.99$ 6.42 6.21 • 6.0J UJ '.7l $.62 '.41 '.10 '.19 


.999 

1l.6 10.1 &.11 1.96 1.47 7.11 6.88 1i.69 6.54 


9.89 9." 9.14 1.90 8.72 I.ll B.19 8.00 7.11.999
22.9 141.4 1l.9 12.6 11.1 11.1 10.1 10.4 10.1 

1.00 1.01 1.02 1.0J 1.04 1.0' 1.06 1.06 1.01 

.90 


10 .SO 
 0.490 0.743 0.81$ D.899 0.932 0.9$4 0.911 U81 0.992 10 .'0 
2.32 2.21 2.24 2.20 2.IB 2.16 2.11 2.08 2.06 


.!IS 

.90
3.29 l.!12 2.73 2.61 2.52 2.46 '2.41 2.38 2.U 

2.98 2.9, 2.B4 2.77 2.14 2.10 2.62 2.'8 2.'4 
.91S 

4.96 4.10 1.71 1.4' 1.33 l.ll 3.14 1.01 ].02 .9' 
1.72 l.62 l.$2 l.42 J.l1 1.11 3.10 1.14 l.08 


.99 

.975
6.94 $.46 4.1l 4,47 4.24 4.01 1.9$ 1.U l.18 

4.71 4.$6 4.41 4.ll 4.2.s 4.08 4.00 1.9,.99
10.0 7.$6 6.'" '.99 S.64 '.39 S.20 J.06 4.94 ".as 
•99J UJ '.66 ""7 '.27 l.17 l.01 4.16 4." 4....12.a 9.43 '.08 1.34 6.17 6.'4 6.10 6.12 '.97.'" 8.n ' '.41 8.11 1.10 7.64 1.41 1.12 6.94 6.76.999
.999 
 21.0 14.9 12.6 ILl 10.l 9.9] 9.S2 9.20 1.96 

0.989 1.00 1.01 1.02 1.01 1.0l 1.0J 1.0J 1.06 

.90 


12 .lO
0.484 0.1lS 0.81' 0.188 0.921 0,941 us, 0."2 0.98112 .'0 
2.19 2," 2.10 2.06 2.04 2.01 1.96 1.93 1.90 
2." 2.69 2.62 2.J4 2." 2.47 2.38 2.34 2.10 

.90
3.18 2." 2.61 2.48 2.39 2.31 2.28 2.24 2.Z1 

.9l 

.9lS 


4.7' 3.a9 3.4' 3.26 1.11 3.00 2.91 I.U 2.10.9' 
3.l1 U8 l.18 1.07 1.02 2.96 2.U 2.79 2.n 


.99 

.91S6." '.10 4.41 4.12 3.89 1.13 3,61 MI 3.44 

4.lD 4.16 4.01 l.86 3.78 3.70 1.J4 3.4J 1.16 
.,!U 

,999.l3 6.91 1." '-"I '.06 4.12 4.64 4.50 4.39 
".09 4.91 4.72 4.J3 4.43 4.n 4.12 4.01 3.90 


.999 

.99'
1l.8 8.lI 1.U 6.$2 6.01 '-16 '.$2 U$ '.20 

7.29 7.00 6;,1 6.40 6.2J 6.09 l.76 '.S9 S.42.999
18.6 !l,0 10.8 9.63 8.89 8.lI 8.00 1.11 1.48 
.. 

0.971 0.989 1.00 1.01 1.02 1.02 1.0J 1.04 I.OJ 

.90 


Jl .SO0.41. 0.126 0.826 0.871 0.911 0.933 0.949 0.960 0.910U .10 

2.06 2.01 .." 1.92 1.90 1.17 1.12 1.79 1.16.90
1.01 2.10 2.411 2.36 2.21 2.21 2.16 2.12 2.09 

2.16 • 2.11 2.012.J4 2.48 2.40 l.ll 2.29 2.2' 

.97' 


U4 1.418 3.29 3.06 2.90 2.19 2.11 2.64 2.$9.!IS .9' 
3.06 2.96 2.86 1.76 2.10 2.64 2.n 2.411 2.40 


.99 

.97$
6.20 4.17 4.15 1.BO 3.'8 1.41 3.29 1.20 1.12 

1.10 3.67 3.51 3.ll 3.29 UI 1.OJ 2.96 2.17.99
8.68 6.36 4.19 4.32 4.14 4.00 3.89' ... 2 4." 
4.42 4.ll 4.07 l.IB 3.19 3.69 J.41 1.31 3.26.99.s 


.999 

10.8 7.10 6.48 '.SO J.31 l.01 4." 4.67 4.'4.99' 

6.OS 5.81 l.lS 4.9$ 4.64 4,48 4.11.999
16.6 11.3 9.J4 8.2, 7.U 1.09 6.74 6.41 6.26 '.J4 '.10 

. 0.966 0.911 0.989 1.00 1,01 1.01 1.02 1.03 1.0l20 .SO 

.90 


un 0.11B 0.816 0.868 0,900 0.922 0.9l8 0.91920 .'0 0.'''0 
1.94 1.89 1.84 1.19 1.17 1.74 1.68 1.64 1.61 

.9J 
.90
2.91 2.l9 2.38 2.2' 2.16 2.09 2.04 2.00 1.96 

2.lS ,1.21 2.20 2.12 2.08 2.04 US 1.90 I.B44.lJ 3.49 1.10 2.17 2.71 2.60 UI 2.4' 2.39 ." 2.71 2.68 ·2.J1 2.46 2.41 2.35 2.22 2.16 2.09 


.99 

,91J.915 
 '.81 4.46 1.86 :UI 3.29 l.1l 3.01 2.91 2.84 

1.31 3.2l 2.94 2.86 2.71 2.61 2.'2 2.42.99
1.10 l.U 4.94 4.43 4.10 3.17 3.10 3.l6 3.46 3~3.8, 3.68 3, 3.l2 l.U 3.12 2.92 2.81 2.69 


.999 


.993 
 9.94 6.99 U2 l.17 4.16 4.47 4.26 4.09 3.96 .99' 
J,08 4.82 4.56 4.29 4." 4.00 1.10 1.'4 1.38.999
14.8 9.9$ '.10 7.10 6.46 6.02 '.69 S.44 $.24 

0.961 0.912 0.981 0.994 1.00 1.01 1.02 1.01 1.01 

.90 


24 .SO0.469 0.714 0.812 0.863 0,89$ 0.911 0.912 0.944 D.9n14 .'0 
US 1.8] 1.78 1.11 1.10 1.67 1.61 1.51 I.n 

.9J 
.90
2.93 2.'4 2.31 2.19 2.10 1.114 1.98 1.94 1.91 

2.U 2.18 2.11 2.01 1.98 1.94 1.14 1.19 1.714.16 J.40 1.01 2.78 2.62 2." 2.42 2.16 2.lD .9' 
2.64 2.'4 2.44 2.31 2.27 2.21 2.08 2.01 1.94.97J 


.99 


.97' l.72 4.32 1 l.n 1.11 l." 2.99 2.l!7 2.71 2.10 
l.17 1.OJ 2.89 1.14 2.66 l.n 2.40 1.ll 2.21 
3.S9 1.42 3.U 1.06 2.97 2.81 2.66 U, 2.43 

.'J97.12 '.61 4.72 4.22 3.90 l.67 3.$0 l.36 1.U 

.99S9." 6.66 S.l2 4.89 4.49 4.20 3.99 3.1l l.69.!I" 
4.64 4.19 4.14 1.87 3.14 l.S9 1.2' 3.14 1.97.999
.999 
 14.0 9.14 7.J$ 6.n .U8 J.H l.23 4.99 4.80 

1135 
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Appoadix A Tabl". 1131
.;":ndl .. A Tables 

TABLE A.4 (concludld) Percentiles of the F DistribUlinnTABLE A.lI (t:ontinflfld) Percentilcs of Ihe F Distribulion 

Don. 
d( 	 ,4 

lO 	 .50 
.90 
.95 
.97.s 
.99 
.991 
.999 

60 	 .50 
.90 
.9$ 
.975 
.99 
.995 
.999 

110 	.50 
.90 
.91 
.975 
.99 
.99.! 
.999 

co 	 .50 
.90 
.9' 
.975 
.99 
.991 
.999 

NUl\leralor dr 

I 2 J 4 1 6 7 8 9 

0.466 
2.88 
4.17 
.s.H 
7.S6 
9.11 
tl.l 

'0.709 
2.~9 
l.ll 
4.18 
j.J9 
6.l1 
8.77 

0.807 
2.28 
2.92 
3.59 
4.31 
U4 
7.01 

0.U8 
2.14 
2.69 
1.21 
4.02 
4.61 
6.12 

0.890 
2.0' 
2.11 
l.O) 
1.70 
4.21 
1.11 

0.912 
1.98 
2,42 
2.17 
1.47 
1.9j 
,.12 

0.927 
L9J 
2.ll 
2.1$ 
1.10 
J.74 
4.Bl 

0.919 
1.88 
2.27 
2.65 
1.17 
1.51 
4.n 

0.948 
1.81 
2.21 
2.17 
1.07 
U5 
4.19 

0.461 
2.79 
4.00 
1.l9 
7.08 
8.49 
11.0 

0.701 
2.19 
1.1l 
1.9] 
4.98 
1.80 
7.77 

0.798 
2.18 
2.76 
1.l4 
4.1l 
4.n 
6.17 

0.149 
2.114 
2.Sl 
1.01 
1.61 

• 4.14 
'!.JI 

0.8BO 
1.91 
2.l7 
2.79 
1.34 
1.76 
4.76 

0.901 
1.87 
2.21 
2.61 
1.12 
].49 
4.17 

. 

0.917 
1.1l 
2.17 
2." 
2.91 
3.29 
4.09 

0.928 
1.77 
2.10 
2.41 
2.81 
1.11 
1.86 

0.9l7 
1.74 
2.04 
2.11 
2.12 
l.OI 
1.69 

DAn 
1.7S 
1.92 
.Ul 
6.85 
B.18 
11.4 

0.697 
l.lS 
1.07 
1.80 
4,79 
j,54 
7.l2 

0.791 
2.11 
2.68 
1.21 
U5 
....s0 
5.11 

0.844 
1.99 
2.4' 
2.89 
1.48 
1.9l 
4.91 

0.875 
J.90 
2.29 
2.67 
1.17 
us 
4.42 

0.896 
1.11 
2.1. 
2.$2 
2.96 
l.28 
4.04 

0.912 
1.77 
2.09 
2.19 
2.79 
1,09 
J.17 

0.92l 
1.71 
2.02 
2.10 
2.66 
2.9l 
1."S 

0.911 
1.68 
1.96 
2.21 
l.J6 
l.81 
1.l8 

0.455 
2.71 
1.84 
'.02 
6.61 
7.8& 
10.8 

0.691 
2.l0 
l.OO 
].69 
4.61 
'.10 
6.91 

0.789 
2.0' 
2.60 
1.12 
l.78 
4.18 
S.42 

0.Bl9 
1.94 
2.l1 
2.79 
l,12 
1.72 
4.62 

0.870 
1.8$ 
2.21 
2.n 
l.02 
l.U 
4.10 

0.'91 
1.17 
2.10 
2.41 
2.80 
1.09 
1.74 

0.907 
1.72 
2.01 
2.29 
2.64 
2.90 
3.47 

D.918 
1.67 
1.94 
2.19 
2.51 
2.74 
1.27 

0.927 
I.6l 
1.88 
2.11 
2.41 
2.61 
1.10 

Den. 
dr ·f 

Num dreralar 

10 12 U 20 24 lQ 60 120 co 

]0 .'0 
.90 
.95 
.975 
.99 
.995 
.999 

0.9.H 
1.82 
2.16 
2.51 
2.98 
l.14 
4.24 

0.966 
1.77 
2.09 
VII 
1.14 
l.18 
4.00 

0.978 
1.72 
2.01 
2.11 
1.70 
1.01 
1.7$ 

0.989 
1.67 
1.9J 
2.20 
2•.U 
2.81 
1.49 

0.994 
1.64 
1.19 
2.14 
2.47 
2.71 
].l6 

I.QO 
1.61 
1.84 
2.07 
2.19 
2.63 
l.22 

1.01 
1.14 
1.74 
1.94 
2.21 
1.42 
2.92 

1.02 
1.50 
1.61 
1.87 
2.11 
2.lO 
2.76 

1.02 
1.46 
1.62 
1.79 
2.01 
2.11 
2.59 

60 .10 
.90 
.95 
.975 
.99 
.995 
.999 

0.94$ 
1.71 
1.99 
2.27 
2.61 
2.90 
3.S4

0.9S6 
1.66 
1.92 
2.11 
2.'0 
2.74 
l.l2 

0.967 
1.60 
1.84 
2.06 
2.U 
2 • .57 
1.08 

0.978 
I.S4 
1'.75 
1.94 • 
2.20 
2.19 
2.83 

0.98l 
UI 
1.70 
1.88 
2.12 
2.29 
2.69 

0.919 
1.48 
1.65 
1.82 
2.01 
2.19 
2.n 

1.00 
lAO 
I.H 
1.67 
1.84 
1.96 
l.2S 

1.01 

l.l' 
1.47' 
1.58 
1.73 
1.8l 
2.08 

1.01 
1.29 
1.19 
1.48 
1.60 
1.69 
1.89 

120.50 
,90 
.95 
.ns 
.99 
.99S 
.999 

0.939 
1.6' 
1.91 
2.16 
lA7 
2.71 
J.24 

0.9.!0 
1.60 
1.81 . 
2..oS 
2.11 
2.14 
1.02 

0.961 
U$ 
1.7, 
1.9's 
2.19 
2.l7 
2.18 

.un 
1.48 
1.66 
1.82 
2.01 
2.19 
2.11 

0.978 
1.4S 
1.61 
1.76 
I.9S 
2.09 
2.40 

0.983 
1.41 
Ul 
1.69 
1.86 
1.98 
2.26 

0.994 
I.ll 
1.4l 
1.51 
1.66 
I.7S 
1.95 

1.00 
1.26 
I.JS 
1.41 
UJ 
1.61 
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" It 
t; TABLE B.7 : level of Significance CIt == .0'1rABlE 8.7 level of Significance 0: = .05 ..~ (concluded))urbln·Walllol1 p-l =2' p':'.l =.3 . P 4 P.-: :1.=.5 .

Durbin-Watson p-l .--'tnt Bounds. 'p- 1 = 1 p.- 1 =: 2 p-l 3 p'- 1 =: 4 .' p~ 1 =.s 
Test Bounds. n d
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