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QUESTION ONE. [5+5+1Omarks] 

1.1 Write the fonnal statement ofthe 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. [2 + 3 + 5 + 5 + 5 marks] 

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

ANOVA 

I 

I 

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 

Model 

Coefficients Coefficients 

B I Std. Error Beta 

1 Constant 10.115 3.108 
x 2.784 I 1.926 .602 

2.1 Identify the dependent variable and independent variable. 

2.2 State the fitted regression line. 

2.3 Perfonn the F-test and clearly state the conclusion. 

2.4 Test /30 ::::: 10 against /304= 10 at (1 = 0.05 . 

2.5 Test /31= 3 against /31 > 3 at (1 =0.01 . 
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QUESTION THREE. [6 + 9 + 5 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. 
f. 

3.2 Compute the ANOVA table. 

3.3 Conduct the F test. Clearly state aU the steps. 

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

Suppose that we want to determine whether there is a relationship between the number of hours 
studied for a Statistics test and their scores on the test. The following quantities have been 
calculated from the data from a sample of 10 students: 

4.1 Fit the regression line, Yi ~o + ~lXi. 
4.2 Interpret the estimated values of~o and ~1' 

4.3 Estimate if-. 
4.4 Construct a 95% confidence interval for PI' 

4.5 Test PI 3 against PI> 3 at 5% level of significance. 
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QUESTION FIVE. 	 [1+2+2+3+3+3+3+3m&~] 

A company wishes to test the effectiveness of its advertising. A product is selected, and two types 
of ads are written; one is serious and one is humorous. Also the ads run on both mediums of 
advertising; television and radio. Sixteen potential customers &e selected and assigned randomly to 
one of the four groups. After seeing or listening to the ad, each customer is asked to rate its 
effectiveness on a scale of 1 to 20 and the data were analyzed using SPSS. The following ANOVA 
table is a part of the output from that analysis: 

ANOVATABLE 

Source of 
Variation 

Sum of 
Squ&es df MeanSqu&e F 

Between treatments 
Factor A 
FactorB 
AXB 

I Within treatments 
Total 

186.189 
10.563 

175.563 
0.063 

66.250 
252.439 

3 
1 
1 
1 

12 
15 

; 

a. 	 What is size of the sample used in this experiment? 
b. 	 What &e the treatments in this experiment? 
c. 	 Identify the Factor A and the Factor B. 
d. 	 Complete the ANOV A Table. 

For the following tests: 

State only the decision and explain the conclusions (based on F-test). You do not need to write all 

steps ofF-test. Use a. = 0.01 for all tests. 


e. 	 Test whether the effectiveness ofthe advertising is influenced by the types ofads. 
f. 	 Test whether the effectiveness of the advertising is influenced by the mediums of 

advertising. 
g. 	 Test whether the effectiveness of the advertising is influenced by the interactions between 

the types ofads and the mediums ofadvertising. 
h. 	 Test whether the effectiveness ofthe advertising is influenced by the treatments. 
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TABLE A.2 (ctlnelull.", Percentiles of Ihe I Dblribulinn 
TABLE A.l Percentiles of the: t Distribution 

Entry Is tCA; II) where P{I(V) ~ I(A; vn - A 

teA; v) 

" 

A 

.60 .70 .80 .IS .90 .91 .975 

1 0.315 0.727 1.376 1.961 3.078 6.](4 11.106 
2 0.219 0.611 1.061: 1.386 1.886 2.920 4.30J 
3 11.117 0-'84 0.978 1.110 UJ8 2.3'] 3.182 
4 0.271 0.'69 0,941 1.190 1..533 2.p2 1.716 
!! 0.267 0.1!!9 0.920 I.U6 1.476 2.oU U1I 

6 0.26S 0."'] 0.906 1.1:14 1.440 1.943 2.441 
7 0.263 0.'49 0.896 1.119 1.4" l.891 . 1.36S 
8 0.262 0.$46 0.889 1.108 1.397 1.860 2.J06 
9 0.261 0.143 0.883 1.100 I.lBl 1.11] 2.161 

\0 0.260 0.$42 0.879 (.093 1.372 1.&12 2.218 

II 0.260 0.140 0.176 1.088 (.lli3 1.196 2.101 
12 0.2!!9 0.'19 0.873 1.083 I.n6 1.782 2.179 
13 0.U9 0.!!31 0.B70 1.019 1.l!lO 1.171 2.160 
14 0.2U 0..537 0.868 1.016 1.34.:1" 1.761 2.14' 
U 0.ll8 o . .:I"JIi 0.866 1.014 1.J41 1.7SJ 2.1ll 

16 0.U8 0.'3!! lU6S: 1.D71 l.ll1 1.746 2.120 
17 0.U7 0.'J4 0.863' 1.069 I.J33 1.740 2.110 
I. 0.U7 0.S34 0.162 1.067 I.J30 1.734 2.101 
19 o.m 0.'J3 0.861 1.066 I.l1l 1.729 2.093 
20 D.ll1 0.ll3 0.160. 1.064 l.lU I.72S 2.086 

21 0.U7 0.$J2 0.U9 I.06J I.J23 1.721 2.080 
22 0.U6 O.!lJl 0.158 Ul61 I.J21 1.711 2.074 
2] 0.u6 0.$32 un 1.060 1.319 1.714 2.069 
24 0..ll6 O.!!ll 0.8n I.DS9 1.311 1.711 2.064 
U 0.2S6 O.SJI 0.U6 1.058 I.l16 1.708 2.060 

26 
21 

O.llll 
0.U6 

0.S31 
o.nl 

0.•'6 
0.8U 

l.on 
1.0S1 

I.JU 
1.l14 

1.706 
1.703 

2.0'6 
2.011 

28 0.2'6 O.SlO 0.8U 1.0'6 l.Jll l.701 2.0018 
29 0.U6 O.llO 0.8$4 l.OlS I.lll 1.699 2.04' 
30 O.U6 0."0 0.8!!4 1.0l!! 1.310 1.697 2.042 

40 0.2$' 0.S29 O.UI 1.030 1.101 1.684 2.021 
60 0.214 0.:!17 0.1141 1.04' 1.296 1.671 1.000 

120.. 0.ll4 
0.U3 

0.$26 
0.n4. 

0.114$ 
0.842 

1.041 
I.Ol6 

1.289 
1.212 

l.I'iSB 
1.64$ 

(.980 
1.960 

II 

v .98 ,913 .99 .99'lS .99' .997' .9995 

I 15.B9S 21.20S 11.B21 42.434 63.651 127.122 636 . .!I9O 
2 4.849 .5.64l 6.965 8.073 9.92S 14.089 JI.'98 
J 1.412 l.896 4 • .541 !!.047 !l.841 7.4$) 12.914 
4 1.999 ).198 ].747 4.088 4.604 S."8 8.1510 
.5 un 3.003 3.16!! ].634 4.0ll 4.173 6.869 

6 1.612 2.129 l.14] 3.312 1.701 4.111 MS9 
1 2.'17 1.71,S 2;998 3.203 l.499 4.0l'.l .5.41l11 
a 2.449 Ui14 2.896 3.08' 1.U.5 ).Ill '.041 

1.19B 2.$14 2.821 2.998 3.2.50 3.690 4.781 
10'" 2.B9 2.!127 1.764 2.9J2 1.169 J . .581 ••sa7 

II 1.ll8 2.491 1.718 2.879 ].106 ),491 4.417 
12 2.l0l 2.461 1.681 2.8J~ l.O.5S 1,428 4.l18 
Il 2.282 1.4l6 2.650 1.BOI J.012 un 4.111 
14 2.164 2.41' 2.624 2.711 2.977 1.ll6 4.140 

" 2.249 2.197 2.602 2.746 2.947 l.286 4.013 

16 2.ll5 1.182 2.S83 1.724 2.921 1.Ul 4.01S 
17 2.224 2.l68 2.'67 2.7(16 2.898 1.211 ].96$ 
18 1.214 2.J!l6 2 • .5'2 2.689 2.118 1.191 3.922 
19 2.20S 2.l46 2.l19 2.674 2.B61 1.114 UBJ 
10 1.191 2.lJ6 U28 2.66( 2.84$ 1.ISJ l.849 

21 2.189 2.328 2 . .518 2.649 2.lll l.m 1.819 
22 2.181. 2.llO uoa 1.6l9 2.819 1.119 l.792 
23 2.117 2.311 l..S00 2.1529 1.807 l.I04 1.768 
24 2.171 2.301 2.492 2.620 2.797 3.091 l.74.5 
tl 2.161 ].l01 2.41.5 2.612 2.787 U18 J.72' 

26 1.162 1.l'.I6 1.479 1.60' . 2.779 3.067 1.701 
17 1.ln 1.291 2.47l 2 • .!198 2.771 l.On 3.690 
28 2.U4· 2.286 2.461 2 • .592 2.761 3.047 1.674 
29 2.Uo. 2.282 2.462 2.!!86 2.1'6 1.018 ).659 
)0 2.147 2.278 2.4F 2.'8\ 1.7$0 ).olD 1.646 

40 2.121 . 2.UO 2.42l 2 • .542 2.704 2.~71 ". 3.m 
60 2.099 1.211 2.l9O 2.S04 1.660 2.91.5 1.460 

120 2.076 2.196 U.!I. 2,468 2.617 2.B60 l.l7l 
2.034 2.170 2.]26 2.4)2 2.'76 2.101 3.291'" 

.! '.1' 
~';:.. ,..., 

.~~,~, 
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TABLE A.J Percentiles of the: X' Dutribution TABLE A.4 Percentiles of lhe F Distribution 
Enrry is X'(A; II) whUII P(x'(,,) s xt(A; "n - A 

Enrry i.t F(A; 1ft, 1ft) where P{F(v" Va) S F,{A.j "" Va)} - A. 

X'(Ai II) 
II ... _"•.•,. 

A I 
F(,A; v" ~·)-fll-A; " .....I ... -\>' 

.. .lXU .010 .02J .OSO .100 .900 .UO .97J .990 .991 

0.0'39) 0.0'157 0.0'982 0.0'193 0.0'-'8 2.71 l.84 .1'.02 Ul 7.88 

2 

I 

0.0100 0.0101 0.0106 O.lOl 0.211 4.61 1.99 1.18 9.21 1D.60 

3 
 0.072 o.m 0.21d 0.1J2 0.n4 6.2S 7.81 9.3J 11.34 12.84 

4 
 0.107 0.297 0.484 0.711 1.064 7.18 9.49 11.14 13.28 14.86 , 0.412 0.ll4 0.831 1.141 1.61 9.24 11.07 12.83 15.09 H'.7S 

6 
 0.676 0.172 1.24 1.64 2.26 10.64 12.59 14.0 lUI la." 

7 
 0.919 1.l4 J.li9 1.17 : 2.13 11.02 14.07 16.01 1B.41 2UI 

8 
 1.34 !.61 1.18 1.1l 1.49 1l.J6 15.-'1 IUl 20.09 21.96 

9 
 1.7l 2.09 2.10 l.ll 4.17 14.61 16092 19.02 21.67 23.19 

2.16 2.Jd l.H 3.94 4.87 1.1'.99 18.31 20.48 2l.21 21.19 

\I 

10 

2.60 1.OS 3.82 4.51 S.S8 17.28 19.68 21.92 24.73 26.76 

12 
 1.07 l.$7 4.40 's.21 6.l0 \B.n 21.03 23.]4 26.22 n.30 

13 
 l.S7 4.11 '.01 J.a9 7.04 19.81 22.ll1 24.74 27.119 29.82 

14 
 4.07 4.611 5.63 II.S7 7.19 21.06 lU8 26.12 29.14 3£.32 

4.60 '.ll Uti 7.26 8.11 21.l1 2l.1Xl 27.49 30..5B 32.80 

16 

11 

S.14 S.II 6.91 1.!l6 l !I.ll 2l.54 26.30 2US l2.oo 34.21 

17 
 '.70 6.41 7.ld 8.67 10.09 24.77 27.S9 ]0.19 3l.41 lS.n 

\8 
 6.26 1.01 8.23 !t.l9 10.86 2l.99 21.87 JI.J3 34.11 37.16 

19 
 6.84 7.61 8.91 10.12 II.M 27.26 30.14 JUS 311.19 l8.S8 

20 7.43 8.26 9.59 10.U 11.44 28.41 31.41 34.17 l7.17 40.00 

11 
 8.0) 8.90 16.28 11.59 1l.24 29.62 12.61 ).s."'1 lU3 41.40 

11 
 B.64 9.54 lUI 12.14 14.04 30,81 lU2 36.78 40.29 42.80 

2l 
 9.16 \0,l0 lUi9 1].09 I.... U n.ol 3."17 l8.08 41.64 44.18 

14 
 9.89 10.86 12.40 Il.U il.'-66 33.26 ]6.42 l!l.16 42.91 4S.j6 

10.12 11 •.'2 !l.ll 14.61 16.47 34.38 JUS 40.65 44.ll 46.93 

'26 

lS 

11.16 n.20 \l.14 U.18 17.29 1U6 38.89 41.92 45.64 48.29 

21 
 11.81 J1.88 14.57 16." 18.11 l6.74 40.11 4l.19 46.96 49.64 
28 12.46 13.S6 U.ll 16.9l 18.94· l7.92 41.14 44.46 41.28 "0.99 

29 
 Il.12 14.26 16.0S 17.71 19.71 19.09 42.56 4'.n 49.59 n.34 

~)0 1l.79 14.U 16.79 18.49 20.60 40.26 43.17 4UB $0.8' n.lil 
20.71 21.16 24.43 26."1 29.0j '1.81 55.16 59.34 61.69 66.77 


10 ~1.99 29.71 1l.16 l4.76 31.69 63.17 67.'0 11.42 76.11 79.49 

60 U.S] 3ua 40.48 43.19 . 46.41i 74.40 79.08 SJ.lO BI.l8 91.9$ 


40 

70 43.18 4j.44 48.76 lI.14 SS.3] U.S1 9O.S3 !U.02 100.4 IOU 

86 ll.17 ,].j4 17.1j 60.39 64.21 9M8 101.9 IOU 111.3 116.] 

90 '!I.20 61.7S 6US 69.1l 73.29 107.6 Ill. I 111.1 II"" 12.1.3 


100 ~7.1J 70.06 74.n 77.9] 12.36 III.j 124.3 1211.6 I),U 140.2 

S""",.: Rtprln,ed. whh pc""'"Ioa. (rom C. M. Tho...plOn, "Ubi_ of ' ....n.ll. 'alft.. o( 1M Cld·Squ... 

Dlllliblllloll." B'_"/,,, 11 (I!MII. ,p. 111-19. 


........ 

.;~: :, 

,.. ,"'ii:''~"l';
';~ '. 



TABLE A.4 (cDrat/rlu.d) Percentile.:! of the F Distribulion TABLE A.4 (cDntinUlttl) Percenlile$ of the F Dillribulion 

Numerator dr 
De.n. 
IIf .. 10 12 U 20 24 JO 60 120 cc 

I 	 .SO 2.04 2.01 2.09 2.II 1.1l 2.IS 2.11 2.IM 2.20
.90 60.2 60.7 61.2 61.7 6Z.0 61.3 6U 61.1 63.]
.!IS 242 244 246 248 149 1JO 2ll ISJ 254 

Den. 
df A 

Nume ... lordf 

I 2 3 4 S 6 1 8 !I 

I •.50 
.90 
.9' 

1.00 1-'0 1.71 1.82 1.89 U4 1.98 2.00 1.0J 
111.9 49.' n.6 ".8 ,,1.2 18.2 18.9 '9.4 19.9 
161 200 216 225 230 234 2J7 239 241 

• 915 64• 800 864 900 922 911 948 9$7 963 
.99 4,On 5,000 ',403 '.625 '.764 '.8l9 '.928 5.981 6,022 
.99' 16,211 20,000 21,6" 22,SOO 23,0.'16 23,437 23,715 23,91$ 24,091 
.999 40',280 '00,000 '40.380 '62,~OO 516,400 jU,94O '92.870 '98,140 602,280 

2 .'0 0.667 1.00 1.13 1.21 I.:z.s 1.28 1.10 lol2 I.l1 
.90 8.S1 9.00 9.16 9.24 9.29 9.1l 9,H 9.11 9.3S 
.9' lB.' I'}.O 19.2 19.2 19.1 19.J 19.4 19.4 19.4 
.975 38.' 39.0 39.2 39.2 39.] 39.3 39.4 39.4 39.4 
.99 98.5 99.0 99.2 99.2 99.3 99.3 99.4 99.4 99.4 
.99S 199 1!l9 199 199 199 . 199 199 199 199 
.999 9911.$ 999.0 999.2 999.2 999.3 999.3 999.4 999.4 999.4 

3 .50 Q.3U D.881 1.00 • 1.011 1.10 1.13 I.U , 1.111 1.17 
.90 '.S4 $.46 S.l9 '.34 l.ll 5.28 $.27 ..t25 5.24 
.9$ 10.1 9.5' 9.28 9.12 9.01 8.94 8.89 US 8.81 
.97$ 
.99 

17.4 16.0 1S.4 15.1 14.9 14.1 14.6 14.' 14.S 
34.1 10.' 29.' 28.1 211.2 21.9 21.7 27.' 21.3 

• 995 'U 49•• 41.' 46.2 45.4 44.8 44.4 44.1 41.9 
.999 \61.0 148.S 141 •.1 131.1 1l4.6 Il2.8 131.6. IJO.6 129.!/ 

4 .'0 0.549 0.828 0.941 1.00 1.04 1.06 1.08 1.09 1.10 
.90 4.'4 4.12 4.19 4.11 4.0S 4.01 ),98 l.95 3.94 
.95 1.11 6.94 6.19 ;11.19 6.26 6.16 6.09 6.04 6.00 
.971 12.2 10.6 9.98 9.60 9.]6 !J.20 9.07 8.98 8.90 
.99 21.2 18.0 ".1 ; 16.0 IU 11.2 11.0 14.8 \4.1 
.99$ 11.1 26.J· 14.J 23.2 22.l 22.0 21.6 21.4 21.1 
.999 14.1 61.2 $6.2 .n.4 Jl.7 10,$ 49.7 49.0 48.$ 

, .,s0 0..528 0.799 0.901 0.96$ 1.00 1.02 1.04 1.0' 1.06 
.90 4.06 l.78 l.62 3.11 3.4S 1.40 1.17 3.34 3.l2 
,91 6.61 $.79 $.41 '.19 ',0' 4,9$ 4.88 4.82 4.77 
.97' 10.0 8.43 1.16 7.19 1.ll 6.98 6,8$ 6.16 6.68 
.99 16.3 1l.1 12.1 11.4 11.0 10.1 10,$ 10.1 10.2 
.991 22.8 18.3 16." , 1S.6 14.9 14.' 14.2 14.0 1l.8 
.999 41.2 31.1 ]].2 ]1.1 29.8 28.8 28.2 21.6 11.2 

6 .50 O.'IS 0.780 0.886 0.942 0,917 1.00 1.02 1.0J 1.04 
.90 1.18 3.46 3.29 .1.18 1.11 1.0$ 3.01 2.98 2.96 
.95 J.99 .M4 4.16 ' 4.S3 4.J9 4.28 4.21 4." 4.10 
.91$ 8.81 1.26 6.60 6.ll l.99 1.82 S.70 '.60 j.U 
.99 13.1 10.9 9.78 .!I.1l 8.75 1.41 8.26 8.10 7.98 
.99$ 18.6 14.' 12.9 12.0 I J,$ 11.1 10.8 10.6 10.4 
.999 U$ 27.0 23.7 21.9 20.8 20.0 19..5 19.0 11.1 

7 .lO 0.S06 0.167 0.871 0.926 0.960 0,983 1.00 1.01 1.02 
.'10 3.'9 3.26 3.01 ' 2.96 2.88 2.83 2.18 2.1$ l.72 
.95 l.J9 4.74 4.Jl • 4.12 1.91 3.11 3.79 l.ll l.68 
.915 8.07 tU4 j.89 ' '-'2 '.29 H2 4.99 4.90 4.82 
.99 12.2 9.ll 8.4' 1.U 1.46 1.19 6.99 6.84 11.12 
.9!1S 16.2 12.4 10.9 10.1 9.52 9.16 8.89 US 8.ll 
.999 29.2 21.1 IB.8 11.2 16.2 IS." ".0 14.6 14.l 

.971 

.99 

.99l 

.999 

2 	 .50 
.90 
.91 
.91S 
.99 
.995 
.999 

J 	 .SO 
.90 
.91 
.911 
.99 
.99S 
.999 

.j 	 ,'0 
.90 
.9.5 
.91S 
'.99 
.99$ 
,999 

l 	 .10 
.90 
.9' 
.971 
.99 
.995 
.999 

6 	 .10 
,. .90 

.9' 

.9" 

.99 

.995 

.999 

7 	 .10 
.90 
.9' 
.911 
.99 
.99$ 
.999 

.. 	 -:, 

.;- ... 
I ".~;,; 

».~~~~ 

969 971 98l 99l 991 1,001 1.010 1.014 1.018
6,OS6 6.106 fi.lll 6,209 6,ll5 6,161 6,JI] 6.]19 6.166

24.124 ~4.4JA ~4.630 24,HJ6 24,940 H,044 ll,U1 l'.H9 21.464 
60'.620 610,610 61.5.160 6l0.910 61],500 616,100 611.340 6ll,970' U6,610 

1.]4 1.]6 !.J91.18 1.40 1.41 1.41 1.43 1.44 
9.3~ 9.41 9.42 9.44 9.4' 9.46 9.47 9.48 9.49
19.4 19.4 19.4 19.4 19.j 19.5 19.' 19.5 19.5
1M 3M 19.4 39.4 19.' 19.5 19.1 39.J 39.S
99.4 99.4 99.499.4 99.5 99.1 99.S 99.j 99.l
19'.1 199 . 199 199 199 1119 199 199 2flO

999.4 999.4 999.4 . 999.4 999.3 999.1 999.J 999.l 999.J 

1.18 1.20 1.11 1.1l 1.2J 1.24 I.H f.26 1.27 
'.2J '.22 5.20 l.18 .t18 l.11 J.IS 1.14 l.J]
H.l9 8.14 8.10 8.116 8.64 11.62 8.51 U.l UJ
14.4 14.3 14.1 . 14.2 14.1 14.1 14.0 !l.9 !l.9
21.2 27.1 l6.9 26.1 16.6 .26.' 26.] 26.2 26.1
4J.7 4l.4 ..1.I 41.8 42.6 42.S 42.1 41.8

129•.2 12B..l' 117.4 126.4 IH.9 125.4 
41.0 

124.S 124.0 IUS 

1.11 1.13 1.14 I.Il 1.16 1.16 1.18 1.18 1.19 
3.92 l.9O l.17 3.84 1.8J 1.82 3.19 3.78 1.76J,96 5.86'.91 '-80 S.75 '.69J.ll '-66 J.U
U4 8.1$ 8.66 8.16 8.51 8.46 B.l6 1.11 S.26 
14.S 14.4 14.2 14.0 Il.9 13•• 13.1 Il.6 IU
21.0 20.7 20.4 20.2 20.0 19.9 19.6 19.J 19.3
48.1 41.4 46.8 46.1 45.8 45.4 44.1 ..... 4 44.1 

1.07 1.09 1.10 1.11 1.12 1.f2 1.141.14 1.1l
l.lO 3,27 3.24 1.21 l.19 1.17 l.14 l.12 1.11
4.14 4.68 4.62 4.56 4.ll 4.10 4.4J 4.40 4.ll
6.61 6.n 6.4] 6 . .'13 6.11 6.21 6.12 6.01 6.02
10.1 9.89 9.12 9.S5 9.41 9.lI 9.20 9.11 9.02 
13.6 1l.4 1J.I 12.9 12.8 12.1 12.4 11.3 12.1
26.9 26.4 2'-9 25.4 1$.1 24.' 24.] 24.1 2l.8 

·I.OS 1.06 1.08 1.101.01 1.09 1.11 1.12 1.12
2.94 2.90 2.81 2.84 2.B2 2.80 2.142.76 2.72 
4.06 4.00 3.94 3.87 1.84 l.BI 3.74 3.10 l.n
3,46 l.ll l.n '.12 4.96'.11 l.07 4.90 4.8S
1.17 1.72 ';J6 i. 1.40 1.]1 7.2l 7.06 6.97 6.88
10.2 10.0 9.81 9.19 9.41 '.]6 g.12 9.00 U8
18.4 11.0 17.6 11.1 16.9 16.7 16.2 16.0 1$.7 

1.0] 1.04 1.0' 1.01 1.07 1.08 1.09 1.10 1.10
1.10 2.61 2.63 2.$9 2.$8 2.J6 2.1' 2.49 2.47
l.64 Ul l.lI 1.44 ].41 l.38 1.30 1.21 l.21
4.711 4.111 4.474.$1 4.42 ".36 4.2' 4.20 4.14
6.62 6.41 6.]1 6.16 6.01 $.99 5.82 .s,14 '.6S1.18 8.18 7.97 1.15 1.6S 1.n 1.11 1.19 1.08 
14.1 n.l n.] 11.9 12.7 12.' 12.1 11.9 11.7 

Ill] 



.~) .. ","~" 
TABLE A.4 (colliillu.dJ Percentiles of Ihe F Distribution TABLE A.4 rCo/ftinu.dJ Percenliles of the F Distribution 

Numerator elf NUmeratDr df 

Den. 
 Dcn. 


10 12 l.S 20 24 10 60 120 IlD
2 1 4 l 6 7 9 df II 


B .lO 


df ~ 

1.02 1.01 1.04 1.0.$ 1.06 1.07 1.08 LOB 1.090.499 0.7J7 0.860 . 0.913 0.948 0.911 0.988 1.00 	 8 .SO1.01 

.90 
 2.'4 2.50 2.46 2.42 2.40 2.18 2.34 2.32 2.293.46 3.11 1.92 2.81 2.71 2.67 2.62 2.39 :U6 	 .90 


1.U 1.28 1.22 1.U l.12 1.08 l.OI 2.97 2.91 

.911 


S.l1 4.46 4.07 1.B4 1.69 UB 3.$0 J.44 1.l9 	 .95
.9S 
4.lD 4.20 4.10 4.00 Ul 1.89 l.n 3.71 ).67 


.99 

7.cl7 6.06 1.42 1.01 4.82 4.61 4.11 4.41 4.16 	 .971 


UI '.67 S.ll S.16 '.n l.20 s'ol 4.9.$ Uti 

.991 


11.3 I.6l 7.'9 7.01 6.63 6.37 6.18 6.01 S.91 	 .99 

7.21 7.01 6.81 6.61 6.S0 6.40 6.18 6.06 '.9' 


.999 

14.7 11.0 9.60 8.81 8.10 7.95 7.69 1.l0 ' 7.34 	 .995 


II.S 11.2 10.8 10.' 10.1 10.1 9.71 Ml 9.132S.4 IU U.S 14.4 I ].S 12.9 12.4 12.0 11.8 	 .999 


1.01 1.02 1.01 1.04 1.05 1.0' 1.07 1.07 1.08 

.90 


':I .50 
 0.494 0.749 D.8n 0.906 0.939 0.962 0.978 0.990 	 1.00 9 .SO 
2.42 2.38 2.34 2.l0 2.Z8 1.2' 2.21 2.18 2.163.36 3.01 2.81 2.69 2.61 2.55 2." 2.47 2,44 	 .90 

1.14 1.07 1.01 2.94 2.90 2.86 2.79 2.75 2.71 

.!l73 
.95 
 l.12 4.16 3.86 1.61 1.48 3.37 3.29 1.11 3.18 	 .9S 

1.96 l.I7 l.n 1.67 1.61 l.56 1.4' 1.19 1.11 

.99 


7.11 5.71 J.OB 4.71 4.48 4.n 4.20 4.10 4.03 	 .m 
'.26 S.1I '4.96 4.81 4.73 4.65 4.48 4.40 ".11 

.99' 
10.6 8.02 6.99 6.42 6.06 ,5.80 '-61 '-47 l.lS 	 .99' 

6.42 6.21 - 6.0] '.81 S.71 .s.62 5.41 .UO '.19 

.999 


13.6 10.1 1.72 7.96 7.47 7.1l 6.111 6,69 6.54 	 .995 

9.89 9.17 9.24 8.90 8.72 a.s, 8.19 8.00 7.8122.9 16.4 13.9 12.6 11.7 11.1 10.7 10.4 10.1 	 .\199 

1.00 1.01 1.02 1.01 1.04 1.05 1.06 1.06 1.07 

.90 


10 .50 
 0.490 0.743 D."S 0.899 0.932 0.914 0.971 0.983 0.992 	 10 .'0 
2.ll 2.28 2.24 2.20 2.18 2.16 2.11 2.08 2.063.29 2.92 2.71 2.61 2.n 2.46 . '2.41' 2.l8 	 .90
2.1' 
;UB 2.91 2.84 2.77 2.74 2.70 2.lil 2.n U4.95 
 4.96 4.10 1.71 3.48 1.31 1.22 3.14 3.07 1.02 	 .95 

3.72 1.62 l.ll ].42 J.n 1.11 un 1.14 1.08 


.99 


.975 
 6.94 '.46 4.111 4.47 4.24 4.07 Ul 1.U 1.78 	 .975 

4.85 4.71 4.56 4.41 4.]] 4.25 4.08 4.00 1.91 


.991 

10.0 7.l6 6"'S $.99 .s.64 5.39 5.20 1.06 4.94 	 .99 


'.15 ,U6 5.47 l.27 '.17 1.07 4.86 4.75 4.114 

.999 


12.8 9.43 8.08 7.34 6.81 6.14 6.30 6.12 '-97 	 .9!U 
1.7' , 8.45 8.11 7.80 7.114 7.47 7.12 6.94 6.76 

12 .lO 

21.0 14.9 12.6 11.3 10.5 9.93 9.l2 9.20 8.96 	 .999 


0.989 1.00 1.01 1.01 1.01 I.OJ LOl 1.05 1.06 

.90 


0.484 0.71' 0.8H 0.888 0.921 0.941 0.959 0.972 0.911 	 12 .'0 
1.19 2.15 2.10 2.06 2.04 2.01 1.96 1.91 1.903.18 2.81 2.61 2.48 2.19 2.11 2.28 l.24 2.21 	 .90 

2.71 2".69 2.62 2J4 l.lI 2.47 2.18 2.14 2.]0 


.971 


.95 
 4.75 1.89 3.49 1.16 3.11 1.00 2.91 2.1S 2.80 	 .9' 
1.17 1.18 1.11 1.01 1.02 2.96 2.U 2.79 2.12 


.99 

6.n 5.10 4.47 4.12 l.89 3.1l 1.61 l.ll 1.44 	 .!l7l 

4.lD 4.16 4.01 ].86 1.78 1.70 3.54 1.4' 3.16 
.99l 

9.11 6.91 l.95 l.41 5.06 4.82 4.64 4.'0 4.39 	 .99 

3.09 4.91 4.72 4.ll 4.43 4.13 4.12 4.UI un 


.999 

11.8 B.SI 7.21 6.n 6.07 '.76 S.S2 S.l' 5.20 	 .'95 

7.29 7.00 6.'11 6.40 6.25 Ci.09 l.76 5.59 '-42 

rs .'0 

18.6 11.0 10.• 9.61 8.89 8.lI ••00 7.71 7.48 	 .999 


0.977 0.989 1.00 1.01 1.02 1.02 1.01 1.04 1.05 

.90 


0.478 0.726 0.826 0.878 0,911 0.,11 0.949 0.960 0.970 	 U .'0 
2.06 	 2.02 1.97 1.92 1.90 1.87 1.82 1.19 1.76 

. 2.11 
1.07 2.70 2.411 2.16 2.27 2.21 2.16 2.1:11 2.09 	 .90 


2.54 2.48 2.40 l.ll 2.29 2.2' 2.16 2.07 

.97' 

.95 
 ".54 3.68 1.29 1.06 2.90 2.79 2.11 2.64 2.59 	 .95 

1.06 2.96 2.a6 2.16 2.70 2.114 2.'2 2.46 2.40 


.99 

.975
6.20 4.17 4.1.$ ].80 l.SH 1.41 1.29 1.20 1.12 
,99 l,80 l.67 l.l2 1.17 l.29 1.21 1.0' 2.96 2.87 


.995 

8.68 6.16 .$.42 4.19 4.l6 4.12 4.14 4.00 3.89 

4.42 4.U 4.07 1.88 1.79 l.69 3.4. 1.17 1.26 

.999 


10.8 7.70 6.48 '-30 '.37 5.07 4.85 4.67 4.'4 .99' 
.999
16.6 11.3 9.14 8.2' 7.57 7.09 6.74 6.47 6.l6 6.01 '.81 5.54 l.2' '.10 4.9' 4.64 4.48 4.11 

20 .'0 . 0.966 0.977 0.989 1.00 1.01 1.01 I.OZ 1.01 1.0) 


.90 

0.472 0.718 0.816 0.868 0.900 0.922 0.938 0.9lQ 0.959 20 .'0 

1.94 1.89 1.84 1.79 1.77 1.74 1.68 1.64 1.61.90
2.97 2."9 2.38 2.2' 2.16 2.09 2.04 2.00 1.96 
2.15 .2.2. 2.20 2.12 2.08 1.04 1.9S 1.90 1.84.95 
 4.35 3.49 1.10 2.87 2.71 2.60 2 • .$1 2.4.s 2.39 .9' 
2.77 2.68 '2." 2.46 1.41 2.U 2.ll 2.16 2.09 


.99 

'-87 4.46 3.86 1.lI 1.29 1.11 3.01 2.91 2.84.9ll .97' 

1.17 l.21 2.94 2.86 2.78 2.61 2.n 2.42.99
8.10 '.U 4.94 4.41 4.10 3.87 1.10 1.l6 3.46 )~9
1.U 1.68 1.0 1.11 3.11 3.12 2.92 2.81 2.69 


.999 

.993
.991 
 9.94 6.99 .$.11 '.17 4.76 4.41 4.26 4.09 1.96 
.~99 S.DB 4.82 4.56 4.29 4.15 4.00 1.70 ].H 1.18 

24 .SO 

14.8 9.9' 8./0 7.10 6.46 6.02 '-69 1.44 's.24 

0.961 0.972 0.981 0.994 1.00 1.01 1.02 1.02 l.01 

.90 


24 .50
0.469 0.714 0.Bl2 0.861 0.895 0.917 0.9ll 0.9<C4 0.9S3 
1.88 1.83 1.18 1.71 1.70 1.67 1.61 U7 Ul.90
1.93 2.'4 2.11 1.19 2.10 2.04 1.9S 1.94 1.91 

.95 
 1.25 1.18 1.11 2.0] 1.98 1.94 1.14 1.79 1.73 

.97' 

.95 
 4.26 3.40 1.01 2.71 2.62 2.51 2.42 2.16 2.30 
2.114 2.l4- 2.44 2.JJ 2.27 2.21 2.08 2.01 1.94 


.99 

.9lll.72 4.]2 1.72 1.lH 1.U 2.99 2.87 2.78 2.70 
.')9 1.11 1.01 2.19 2.74 2.66 2 . .'l8 2.40 2.11 2.21 


.995 

7.81 5.61 4.n 4.22 1.90 3.67 1.'s0 1.36 3.26 

U9 1.42 l.2S 1.06 2.97 2.87 2.66 2.'l 2AJ 

.999 


.99'9.n 6.66 '.12 4.89 4.49 4.20 1.99 1.Bl 3.69 
4.114 	 4.19 4.14 1.81 3.14 U9 ].29 1.14 2.97 


1115 


.999
14.0 9.34 1.$S 6.5'.1 S.98 S.H 's.23 4.99 4.10 
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Ii' ,. ndiM A Tables 

TABLE A.lI (liontinwfll) PlII"cenliles of the F Distribution 

Nu....nl..rdr 
D.n. ,
dr rI I 1 1 4 6 7 8 9 

30 .50 0.466 0.709 0.S07 0.858 0.190 0.1112 0.927 0.939 D.g4'.90 2.8S 2.49 2.28 2.14 2.0S 1.98 1.91 I." I.U
4.11 1.12 2.92 2.69 2.51 2.42 2.11 2.27.9' l.ll

.915 l.ll 4.18 3.'9 1,25 l.Ol 2.87 U.s 2.6.1 2.51.99 1 . .16 .tJ9 4.51 4.02 1.10 1.41 1.10 1.11 1.01

.99l 9.18 6.1l .s.24 4.61 4.2l 3.9, 1.14 l.n 1.45
.999 tl.] 8.11 1.0.s 6.12 .s.53 ~.12 4.82 4.n 4.39 


60 .'0 
 0.461 0.101 0.798 0.849 0.880 0.901 tUn 0.!l28 0.911
.90 2.79 2.39 2.18 2.04 1.95 1.87 1.81 1.77 1.14.U 4.00 ].15 2.76 Ul 2.17 2.25 2.101.17 2.04
.975 5.29 1.93 1.14 1.01 2.79 2.63 2.51 1.41 l.ll
.99 7.08 4.98 4.1l 1.U l.l4 l.12 2.9J 2.B2 2.n
.995 8.49 .UO 4.11 • 4.14 1.16 1.49 1.29 • .l.1l 1.01
.999 12.0 1.71 6.17 l.ll 4.16 4.31 4.09 1.86 ].69 

120.50 USB 0.697 0.793 0.844 0.875 0.896 0.912 0.921 0.932
.90 1.15 l.ll 1.1l 1.99 1.90 1.81 1.71 1.72 1.68
.9$ 1.92 3.07 2.68 2.45 2.29 2.18 2.09 2.02 1.96 ,
.975 5.15 1.80 l.ll 2.89 2.67 2.n 2.19 2.10 2.22
.99 6.85 4.79 1.9.s l.48 1.17 1.96 2.79 2.66 2.56
.995 8.18 5.$4 4.50 1.92 U5 1.28 1.09 l.Ill 2.81
.999 11.4 7.12 .s.7I 4.95 4.42 4.04 1.77 1.H ].18 


'" .30 
 0.4l5 0.69] 0.719 0.U9 0.B70 0.891 0.907 0.918 0.927
.90 2.11 2.l0 1.08 1.94 1.85 1.77 1.12 1.61 1.61
•9S 1.84 1.00 2.60 2.17 1.11 2.10 2.01 1.94 1.88
.975 5.02 1.69 1.12 2.19 2.$7 2.41 2.29 2.19 2.11
.99 6.61 4.61 1.18 l.ll 1.02 2.642.80 2.'1 2.41 
.995 1.88 S.lO 4.28 J.12 1.H 1.09 2.90 2.74 2.62

.999 
 10.8 6.91 H2 4.62 4.10 J.14 3.271.41 1.10 

Appetldlx A Tabl.. Illl 

TABLE A.4 (C:Dnc/udtti) Percentiles of the F Dislribucion 

Don. 
df ., 

NIl... eralor df 

10 11 I.! 20 24 JO 60 120 to 

3D .SO 0.955 0.966 0.918 0.989 0.994 1.00 1.01 1.02 1.02 
.90

.".975 

1.82 
2.16 
2.$1 

1.11 
1.09 
1.41 

1.72 
2.01 
2.1\ 

1.61 1.64 1.61 
1.91 1.89 1.14 
2.20 2.14 2.01 

J.l" 
1.7" 
1.94 

LSD 
1.68 
1.87 

1.41i 
1.62 
1.79 

.99 2.98 2.84 2..70 2.'" 2.'11 2.39 2.21 2.11 2.01 

.995 1.14 1.11 1.01 2.81 2.71 2.63 2.42 2.l0 2.18 

.999 4.24 4.00 l.7S ].49 1.16 1.11 2.92 2.76 2.j9 

60 .lO O.94l 0."6 0.961 0.978 0.9U 0.989 1.00 1.01 1.01 
.90 1.71 1.66 1.60 1.54 I .. n 1.48 1.40 U.s 1.29 
.!IS 1.99 1.92 1.114 (.15 1.10 1.6.s I.'] 1.47 1.19 
.975 2.27 2.11 2.06 1.94 • 1.88 1.12 1.67 l.l8 1.48 
.99 2.61 2.50 2.U 2.20 2.11 2.01 1.84 loll 1.60 
.995 2.90 2.74 2..s7 2.l9 2.29 2.19 1.96 1.83 1.69 
.999 1.54 3.32 1.08 2.83 2.69 2.H 2.25 2.08 1.89 

120.$0 0.919 0.950 0.961 un 0.97' 0.983 0.994 1.00 1.01 
.90 1.65 1.60 I..U 1.48 Loll 1.41 1.l2 1.26 1.19 
.95 1.91 I.8J I.H 1.66 1.61 I.SS IA] u.s 1.1$ 
.915 2.16 2J.U 1.95 1.82 1.16 1.69 Ul Loll l.ll 
.99 2.41 2.l4 1.19 2.01 1.9' 1.86 1.66 I.Sl 1.38 
.99$ 2.11 l.S4 2.17 2.19 2.09 1.98 1.75 1.61 1.41 
.999 ].24 1.02 2.7. 2.53 2.40 2.26 1.93 1.11 1.54 

.SO 0.934 0.945 0.!U6 0.961 0.972 0.978 0.919 D.994 1.00 
.90 1.60 I.n 1.49 1.42 1.l8 1 • .14 1.24 1.11 1.00 
.9j I.U • I.7S 1.67 1.$7 1.52 1.46 I.ll 1.22 1.00 
.915 2.0' 1.94 1.1l 1.71 1.64 1.$7 1.39 1.21 1.00 
.99 2.12 1.18 2.04 1.88 1.79 1.10 1.47 1.]2 1.00 
.995 I.n 2.36 2.19 2.00 1.90 1.79 I ..U 1.36 1.00 
.999 2.96 2.14 2." 2.21 2.1l 1.99 1.66 LoiS 1.00 

CD 

S_: RoprInlcd'trom Tlbl.l 0( PcanGII Ind H&llley, 11"" ..",... robl., for S",IIsl1claJts. Volume 1. 1971. pub. 
IIshod '" 1110 Clmbrld,o UIIi.cniI,. PrI .., on ...... " of l'IuI Bio..lrlita SOCii'" by JIOI1IIiulon o( Il1c authorl and pub. 
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