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QUESTION ONE. 	 [6+4+6+3+6marks] 

1.1 	 State the Simple Linear Regression Model with distribution oferror terms unspecified. If we 

add the normality assumption in the model, how will it change the statement of the model. 

Explain. 

1.2 	 From the above statement of the model (after change), list the four assumptions we already 

made in the modeL 

1.3 	 Show that the least square estimate ofthe regression coefficient, ~I as follows: 

1.4 	 Defme residuals. Explain how it differs from the model error term, e, 

1.5 	 The residuals are used to detect the departure from the simple linear regression modeL List 
the six different types of departure. 

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

2.1 	 Assume that X = 0 is within the scope of the simple linear regression model. What is the 
implication for the regression function if the regression coefficient (intercept), ~o = O? How 
would the regression function plot on a graph? 

2.2 	 A researcher selected seven students randomly from a statistics class to investigate the 
relationship between absenteesm and the final marks. The following quantities have been 
calculated from the data: 

a 	 Identify the response variable and the predictor variable. 
b. 	 Find the least-square regression line, Yj =Po + PIXj. 
c. 	 Estimate cl-. 
d. 	 Construct a 90% confidence interval for ~I. 
e. 	 Construct a 95% confidence interval for cl-. 
f. 	 Compute the correlation coefficient and explain the nature and strength of the 

relationship between dependent and independent variables. 
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QUESTION THREE. 	 [4+2+1+1+1+2+6+2+2+2+2m~~] 

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

3.2 	 Suppose there is only one case for each treatment. What would be the new form of the model 
defmed in question 3.1 ? Explain. 

3.3 	 Hyperactivity in children is usually treated by counseling, or by drugs, or both. An experiment 
was designed to evaluate the effectiveness of these different treatments. The data on the 
attention span, that is, how long each child was able to concentrate on a specific task were 
collected using a sample of 32 children and analyzed using SPSS. The following ANOV A 
table is a part ofthe output from that analysis: 

ANOVATABLE 

Source of 
Variation 

Sum of 
Sq~es df MeanSq~e F 

Between treatments 
Factor A 
FactorB 
AXB 
Within treatments 
Total 

102.25 
6.13 

78.13 
18.00 

179.75 
282.00 

1 
1 

Answer the following questions: 

a. 	 How many children were used in this experiment? 

b. 	 Which one is the Factor A in this experiment? 

c. 	 Which one is the Factor B in this experiment? 

d. 	 What are the treatments in this experiment? 

e. 	 Complete the ANOV A Table. 

For the following tests: 

Based on the F-test, state the decision ( Reject HQ or Do not reject Ho ) and explain the conclusions. 

Use a = 0.05 for all tests. You do not need to write aU steps of the F-test. 


f. 	 Test whether the attention span is influenced by the drug. 

g. 	 Test whether the attention span is influenced by the counseling. 

h. 	 Test whether the attention span is influenced by the interactions between drug and 
counseling. 

1. 	 Test whether the treatment has an effect on attention span. 
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QUESTION FOUR. 	 [6 +1+4+1+5 +5+3marks] 

4.1 	 Define 

a Coefficient ofCorrelation. 

b. Coefficient ofDetermination. 

State the ranges of (a) and (b) and interpret the extreme values of these ranges. 

4.2 The following output was obtained from running the model, Yi = Po + PIXJ. + ej using SPSS: 

ANOVA 

Model Sum of I 
Squares df Mean Square i F Sig. 

1 Regression 26.450 I 26.450 37.451 .000 
Residual 5.650 • 8 .706 

Total 32.100 i 9 

Coefficients 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 
B Std. Error Beta 

1 Constant 

X 
10.100 

1.150 

.797 

.188 .908 

12.668 

6.120 

.000 

.000 

a 	 Find the fitted regression line. 

b. 	 Perfonn the F-test from the above ANOVA table clearly stating the null and the 

alternative hypotheses. What is your conclusion for this F-test. 

c. 	 What is the estimated value ofif? 
d. 	 Test Po = 10 against Po > 10 at a =0.05. 

e. 	 Test PI == 1 against PI :-/= 1 at a =0.01 . 

f. 	 Compute coefficient of determinatio~ ,; and interpret the value. 
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QUESTION FIVE. 	 [8+4+6+5+2marks] 

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

5.2 	 An investor has consulted four different financial advisors (ranging from very conservative, 
advisor A to very optimistic, advisor D) with regard to the expected annual rate of return for 
each of three portfolio possibilities she is considering. The advisor's respective estimates (in 
%) are as follows: 

Advisor 
Portfolio 

1 2 3 
A 8 8 5 
B 12 10 8 
C 8 11 10 
D 15 12 11 

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

b. 	 Complete the computation of the ANOV A table. 

c. 	 Conduct the F test. Clearly state all the steps in the test from the hypotheses to the 
conclusion. 

d. 	 What do you think about the consultation? Was it worth? 
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0.506 0.761 0.811 0.926 0.960 0.983 1.00 1.01 1.027 .50 7 .50 1.03 1.04 I.OS 1.07 1.01 1.08 1.09 1.10 1.101 • ..59 3,26 l.07 2.96 2.88 2.83 2.78 2." 2.12.\10 2.70 2.67 2.63.90 2.'9 2.SS 2.'6 2..51 2.49 2.47l.S9 4.74 4.3.5 4.12 3.91 1.87 3.79 3.71 3.68.95 .95 3.64 :\.$7 3.51 l.44 3.41 l.38 l.30 l.27 3.138.01 6.j4 '.89 .l.l2 5.29 '.12 4.99 4.\10 4.82.975 ,97.5 4.76 4.67 4 .. 51 4.47 4.42 4.36 4.25 4.20 4.1412.2 9." 8.45 7.U 7.46 7.19 6.99 6.84 6.72.99 .99 6.62 6.47 6.31 6.16 6.07 M9 '-82 5.74 $.6'16.2 12.4 10.9 10.1 9.n 9.16 8.89 11.68 8.51 8.38 8.18 1.97 7.15 7.6' 7.B 7.ll 7,19 7.08.99' .99' 
29.2 21.1 1B.8 11.2 16.2 H.' ".0 14.6 14.3.999 .999 14.1 1l.1 D.l /2.9 12.7 12•.5 12.1 11.9 11.7 
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TABLE A.4 (cilntinud) Percentiles of the F DistributionTABLE A.4 (ct1l11inud) Percentile411 of the F Distribution 

Den. 
4 

l'IuIIMBtard( 

0.499 
3.46 
S.32 
1.S1 
II.] 
14.7 
2S.4 

0.494 
3.36 
'.12 
7.21 
10.6 
11.6 
22.9 

0.490 
3.29 
4.96 
6.94 
10.0 
12.8 
21.0 

0.484 
1.18 
4.15 
6.'5 
9..l3 
1J.8 
18.6 

0.41& 
3.07 
4.54 
6.20 
8.68 
10.8 
16.6 

0.472 
2.97 
4.1l 
S.81 
8.10 
9.94 
14.8 

0.469 
2.93 
4.26 
5.72 
7.82 
9.SS 
14.0 

2 

0.7'7 
J.II 
4.46 
6.06 
8.65 
11.0 
18.' 

0.749 
J.OI 
4.26 
5.11 
8.02 
10.1 
16.4 

0.74] 
2.92 
4.10 
5.46 
7.56 
9.43 
14.9 

0.73' 
2.81 
1.89 
.5.10 
6.93 
UJ 
13.0 

0.726 
2.70 
].68 
4.77 
6.36 
7.70 
11.3 

0.718 
2 • .59 
3.49 
4.46 
S.8S 
6.99 
9.95 

0.714 
2.54 
3.40 
4.32 
5.61 
6.66 
9.34 

1 

0.860 
2.92 
4.07 
5.42 
1.$9 
9.60 
1$.8 

0.U2 
2.81 
Utl 
5.08 
6.99 
8.72 
13.9 

0.8fS 
2.73 
1.71 
4.Rl 
6.'5 
8.08 
12.6 

O.83S 
2.61 
3.49 
4.47 
5.95 
7.23 
10.8 

0.826 
2.49 
3.29 
4. IS 
l,42 
6.48 
9.34 

0.816 
2.38 
3.10 
1.86 
4.94 
U1 
IJ.lO 

0.811 
2.33 
3.01 
3.72 
4.72 
S.52 
7.SS 

4 5 

0.91l 0.948 
2.81 2.73 
].84 3.69 
5.0S 4.82 
7.01 6.6J 
8.81 B.30 
14.4 11.5 

0.91Ui 0.939 
2.69 2.61 
3.6l 1.48 
4.72 4.48 
6.42 6.06 
7.96 7.47 
12.6 11.7 

0.899 D.931 
2.61 2.'2 
:),48 1.13 
4.47 4.24 
5.99 5.64 
7.34 6.81 
ILl 10.5 

0.888 0.921 
2.48 2.19 
1.26 1.11 
4.12 1.89 
.5.41 .5.06 
6.52 6.07 
9.63 8.89 

0.878 0.911 
2.l6 2.21 
3.1Ui 2.90 
3.80 3 • .18 
4.89 4.~6 
'.SO 5.37 
8.25 7.57 

0.168 0.900 
2.1' 2.16 
1.81 2.71 
UI 3.29 
4.43 4.10 
5.17 4.76 
7.10 6.46 

0.863 0.895 
2.19 2.10 
2.78 2.62 
U8 1.15 
4.22 J.90 
4.811 4.49 
6.5\1 U8 

.50 

.90 

.9S 

.975 

.99 

.995 

.999 

.50 

.90

.".91$ 

.99 

.995 

.999 

.50 

.90 

.9,

.!1l' 

.99 

.995 

.999 

.50 

.90 

.9S 

.91$ 

.99 
.99S 
.999 

.SO 

.90 

.9S 

.975 

.99 

.99' 

.999 

.SO 

.90 

.9S 

.9ll 

.99 

.995 

.99!! 

.50 

.90 

.9S 

.91S 

.99 

.99S 

.999 

6elf 

0.971 
2.67 
3.n 
4.65 
6.37 
7.9S 
12.9 

0.9619 
2.H 
].17 
4.12 
UO 
7.1l 
J1.1 

0.9$410 
2.46 
1.22 
4.07 
U9 
6.54 
9.91 

0.943 
2.]1 
1,00 
].73 

12 

4.82 
5.76 
8.ll 

0.933IS 
2.21 
2.19 
3.41 
4.)2 
S.07 
7.09 

0.92220 
2.09 
2.60 
3.1l 
3.87 
4.47 
6.02 

0.917 
2.ll4­

24 

l.ll 
2.99 
3.67 
4.20 
S.$S 

7 

0.988 
2.62 
l.lO 
4..SJ 
6.18 
7.69 
12,4 

0.978 
2.'1 
3.29 
4.20 
'-61 
6.88 
10.7 

9·971 
1.41 
].14 
J.95 
5.20 
6.10 
9.52 

0.959 
2.28 
2.91 
3.61 
4.64 
S.l2 
8.00 

0.949 
2.16 
2.71 
3.29 
4.14 
4.85 
6.74 

0.938 
2.04 
2." 
1.01 
1.70 
4.26 
5.69 

0.912 
1.98 
2.42 
2.87 
3.'0 
3.99 
S.21 

8 

1.00 
2.'9 
3.44 
4.43 
6.03 
7.50 
12.0 

0.990 
2.41 
J.n 
4.10 
5.41 
6.69 
10.4 

0.98] 
2.38 
].07 
1.U 
5.06 
6.12 
9.20 

0.972 
2.24 
2.85 
3.51 
4 . .so 
US 
1.71 

0.960 
2.12 
2.64 
1.20 
4.00 
4.67 
6.47 

0.950 
2.00 
2.45 
2.91 
J.SII 
4.09 
S.44 

0.944 
1.94 
2.16 
2.78 
1.J6 
1.B) 
4.99 

9 

1.01 
2.56 
3.19 
4.]6 
HI 
7.J4 
11.8 

1.00 
2.44 
).18 
4.OJ 
S.]5 
6.j4 
10.1 

0.992 
2.n 
1.02 
3.78 
4.94 
S.97 
8.96 

0.981 
2.21 
2.BO 
1.44 
4.39 
5.20 
7.48 

0.970 
2.09 
2.S9 
1.12 
3.89 
4.54 
6.26 

0.959 
1.96 
2.19 
2.84 
1.46 
3.96 
5.24 

0.9S3 
1.91 
2.10 
2.70 
1.26 
1.69 
4.80 

Den. 
elf ... 

Numel'lltar df 

10 12 U 10 24 JO 60 120 IX) 

I .50 1.02 1.01 1.04 1.05 1.06 1.07 1.08 1.08 1.09 
.90 2.54 2.S0 2.46 2.42 2.40 2.18 2.34 2.12 2.29 
.9S 
.97S 

1.J5 
4.lD 

3.28 
4.20 

3.22 
4.10 

1.15 1.12 
4.00 1.'S 

1.08 
3.89 

1.01 
3.78 

2.97
J.n 

2.93 
l.67 

.99 S.81 5.67 s.n U6 S.28 UO '.03 4."" 4.86 

.91lS 7.21 7.01 6.81 6.61 6.50 6.40 6.18 6.06 US 

.999 II.S 11.2 10.8 10.5 10.3 10.1 9.11 9.H 9.11 

9 .SO 1.01 1.02 1.01 1.04 1.05 LOS 1.07 1.07 1.08 
.90 2.42 2.38 2.34 2.10 2.28 2.2S 2.21 2.18 2.16 
.115 3.14 3.07 1.01 2.94 2.90 2.86 2.79 1.B 2.71 
.97S 
.99­

3.96 
5.26 

1.87 
5.11 

1.77 
4.96 

3.67 3.61 
4.81 4.n 

3.'6 
4.65 

3Al 
4.48 

3.39 
4.40 

3.ll 
4.11 

.995 6.42 6.23 • 6.0l S.8l S.13 5.62 S.41 5.10 '.19 

.999 9,89 9.S7 9..24 8.90 8.72 8.SS 1.19 8.00 7.81 

[0 .'0 1.00 1.01 1.02 1.03 1.04 LOS l.06 1.1Ui 1.07 
.90 2.32 2.28 2.24 2.20 2.18 2.16 2.11 2.08 2.06 
,9S 2.98 2.91 2.84 2.71 2.74 2.70 2.62 2.$8 1.'" 
.975 3.72 l.62 l.S2 3.42 l.37 1.11 l.20 ).14 j,Q8 
.99 4.SS 4.71 4.S6 4.41 4.11 4.25 4.08 4.00 3.!!1 
.99S 5.85 5.66 S.47 5.27 5.17 1.01 4.86 4.75 4.64 
.999 B.lS • 8.45 8.[3 7.l!0 7.64 7.47 7.11 6..94 6.76 

12 .50 0.989 1.00 1.01 1.02 1.0J 1,01 1.0S LOS 1.06 
.90 2.19 2." 2.10 2.06 2.04 2.01 1.96 1.93 1.90 
.9S 2.75 2.69 2.62 2.54 2." 2.47 2.18 1.]4 2.l0 
.971 1.37 1.28 3.18 l.07 1.02 2.96 US 2. 79 2.72 
.99 4.30 4.16 4.01 3.86 l.78 1.70 l.S4 1.4' 1.16 
.99S 5.09 4.91 4.72 4.53 4.43 4.]] 4.12 4.01 3.90 
.999 7.29 7.00 6:71 6.40 6.2S 6.09 S.76 S.59 '-42 

IS .50 0.977 0.989 1.00 1.01 1.02 1.02 1.01 1.04 LOS 
.90 2.06 2.02 1.97 1.91 1.90 1.87 I.sa 1.79 1.76 
.9S 2.'" l.48 2.40 2.1l 2.2!! 2.25 2.16 '2.11 2.07 
.975 1.06 2.96 2.86 2.76 2.70 2.64 UZ 2.46 2.40 
.99 l.80 1.67 1.Sl 3.17 J.29 3.21 ).OS 2.96 2.87 
.995 4.42 4.25 4.07 1.88 3.79 3.69 lAB l.37 1.26 
.999 6.08 5.81 S.S4 S.25 S.IO 4.95 4.64 4.48 4.11 

20 .50 . 0.966 0.977 0.989 1.00 1.01 1.01 1.02 l.03 1.01 
.90 1.94 1.89 1.84 1.79 1.77 1.14 1.68 1.64 1.61 
.!IS 2.15 .2.28 2.20 2.12 2.08 2.04 1.9S 1.90 1.84 
.975 2.77 2.68 '2.57 2.46 2.41 2.l$ 2.22 2.16 2.09 
.99 
.9!1S 

l.17 
US 

1.2] 
3.68 

J:ro
3. 0 

2.94 2.86 
l.ll 1.22 

2.78 
1.12 

2.61 
2.92 

2.S2 
2.81 

2.42 
2.69 

,999 S.08 4.82 4.56 4.29 4. IS 4.00 ].70 3.54 3.38 

24 .SO 0.961 0.972 0.981 0.994 1.00 1.01 1.02 1.02 1.0l 
.110 1.18 1.83 1.78 1.71 1.70 1.67 1.61 1.S7 1.S3 
.95 2.25 :1..18 2.11 2.01 1.98 1.94 1.84 1.79 1.7] 
.915 2.64 2.S4 2.44 2.1l 2.27 2.21 2.08 2.01 1.94 
.99 3.17 3.03 2.89 2.74 2.66 1.58 2.40 2.11 1.21 
.99S 3.59 ].42 l.ll 3.06 2.97 2.87 2.66 2.55 2.41 
.999 4.64 4.]9 4.14 1.87 l.74 3.S9 3.2!! 3.14 2.97 
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TABLE A.4 (concluded) Percentiles of the F DiauibulionTABLE A.i$ (continu.J) Percentiles af the F Distribution 

o..n. 
df 	 A 

.lO 	 .50 
.90 
.9' 
.9n 
.99 
.99' 
.999 

60 	 .SO 
.90 
.9l 
.9" 
.99 
.99' 
.999 

120 	.50 
.90 

.11' 

.91.$ 

.99 

.995 

.999 

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

Numcl'lll"r df 

,I 	 l 3 4 6 7 8 9 

0.466 	 0.709 0.807 0.8511 0.890 0.912 0.927 0.939 0.948 
2.88 	 2.49 2.28 2.14 2.0' 1.98 1.93 1.88 I••' 
4.17 	 1.l2 2.92 2.69 2.,) 2.42 2.11 2.27 2.21 
s.n 	 4.11 3." 3.2' l.03 2.87 2.1.$ 2.65 2.l7 
7.56 	 '.39 4." 4.02 3.70 3.47 1.30 1.17 1.07 
9.18 	 6.35 '.24 4.112 4.21 3,9l 1.74 1.Sa 1.45 
13.3 	 8.11 7.0' 6.12 '.51 ,.12 4.1l 4.n 4.39 

0.461 	 0.701 0.798 11.849 0.880 0.901 11.917 0.928 0.937 
2.79 	 2.39 2.13 2.04 1.95 1.87 1.112 1.71 1.74 
4.00 3.1l 2.16 2.n 2.17 2.ll 2.17 2.10 2.04 

'.29 3.93 3.34 3.01 2.79 2.61 2.51 2.41 l.ll 

7.08 	 4.98 4.1l 1.6' 3.14 1.12 2.95 2.82 2.n 
8.49 	 5.80 4.73 • 4.14 3.76 3.49 3.29 3.13 3.01 
12.0 	 7.11 6.11 '.11 4.76 4.J7 4.09 3.86 1.69 

0.458 	 0.697 0.793 0.844 0.87S 0.896 0.912 0.911 0.912 (
2.7S 	 l.Jj 2.11 1.99 1.90 I.n 1.71 I.n 1.611 
1.92 3.07 2.68 lAS 2.29 2.18 2.09 2.02 1.96 

,.I 5 1.80 1.21 2.89 2.117 2.l2 2.39 2.30 2.22 
 I
US 	 4.79 l.95 3.48 1.11 2.96 2.79 2.116 2.S11 


' • .54
S.II 4.50 3.92 l.55 1.28 3.09 2.91 2.111 
11.4 	 7.32 .5.78 4.9' 4.42 4.04 1.11 l.n 1.18 I 

OAlS 	 0.691 0.789 0.839 0.870 0.891 0.907 0.918 0.n7 
2.71 	 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.63 
3.84 	 3.00 2.60 2.l7 2.21 2.10 2.01 1.94 1.88 
5.02 l.69 1.12 2.79 2.57 2.41 2.29 2.19 2.11 

6.6l 4.61 1.78 3.12 1.02 2.80 2.64 2.41
2." 
7.88 	 l.lO 4.28 J.72 3.3-' 3.09 2.90 2.74 2.62 
10.3 	 6.91 $.42 4.62 4.10 3.74 3.47 3.27 3.10 

Den. 
d( .. 

NIIIMl'lIt"rdf 

10 12 IS 20 24 30 60 120 co 

30 .SO 
.90 
.!I$ 

0.'" 
1.82 
2.16 

0.966 
1.71 
2.09 

0.978 
1.72 
2.01 

0.989 0.994 1.00 
1.61 1.64 1.111 
1.93 1.89 1.84 

1.01

I." 
1.74 

1.02 
I.SO 
1.68 

1.02 
1.46 
1.62 

.975 2.51 2.41 2.31 2.20 1.14 2.07 1.94 1.87 1.79 

.99 2.98 2.84 1.70 2.55 2.47 2.39 2.21 2.11 2.01 

.9" 1.34 3.18 3.01 2.112 2.73 2.63 2.42 2.30 2.18 

.999 4.24 4.00 3.7.5 3.49 1.36 l.ll 2.92 2.76 2.59 

60 .SO 0.94.$ 0.9-'6 0.967 0.978. 0.981 0.989 1.00 1.01 1.01 
.90 1.71 1.66 1.60 1..54 1.51 IA8 1.40 US 1.29 
.95 1.99 1.92 1.114 1'.75 1.10 1.65 1.51 1.47' U9 
.975 2.27 2.17 2.06 1.94 • 1.88 1.82 1.67 1.58 1.48 
.,99 2.63 2.50 2.35' 2.20 2.12 2.01 1.84 1.7] 1.60 
.995 2.90 2.74 2.51 2.l9 2.29 2.19 1.96 I.lll 1.69 
.999 J..s4 3.ll J.08 2.81 2.69 2.55 2.25 2.08 1.89 

120.50 0.919 0.950 0.961 0.972 0.978 0.983 0,994 1.00 1.01 
.90 1.65 1.60 US 1.48 1.45 1.41 1.12 1.26 1.19 
.95 1.91 1.83 1.75 1.66 1.61 1.55 1.43 1.15 1.25 
.975 2.16 2.05 1.95 1.82 1.76 1.69 t.SJ 1.43 1.1I 
.99 2.47 2.34 2.19 2.03 1.95 1.86 1.66 1.5) l.l8 
.995 2.11 2.54 2.17 2.19 2.09 1.911 L7S 1.6\ IAl 
.999 1.24 3.02 2.78 2.n 2.40 2.26 1.95 1.77 1.54 

co .50 0.934 0.945 0.9S6 0.967 0.972 0.978 0.989 0.994 1.00 
.90 1.60 1.55 1.49 1.42 US 1.34 1.24 1.17 1.00 
.9S 1.81 • 1.75 1.67 U7 1.52 1.46 1.32 1.22 1.00 
.975 2.05 1.94 1.81 1.71 1.64 1.57 1.J9 1.27 1.00 
.99 2.12 2.18 2.04 1.88 1.79 1.70 1.47 I.lZ 1.00 
.995 2.S2 2.36 2.19 2.00 1.90 1.79 I ..U 1.36 1.00 
.999 2.96 2.74 2.11 2.27 2.11 1.99 1.66 1.45 1.00 

S""'''"': Reprinted-from Table 5 of PeuJGII ImI Harlley. 81"",.,rILl Tabl.. for S",n,tlcialU. Volume 2. 1m. pub­
lished by lh. Cambridxe Uni.....ily P"'''' on behalf of The lIiu..... I'lk a Sociely. by porrnissilHl allhe a"'bor. """ pub­
Ibhus. 
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