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All parts of this problem are independent

In order to explain prices of brand new cars manufactured in a same country a random
sample of n=10 cars shows the following characteristics : The price Y (in 1000 USD), the
power X; (in kW) and the equipment rate of the car X; (varies from 0 to 10) as shown in
the following table:

YI Xil Xi2
Car Price Power Equipment rate
1 12 33 2
2 14.9 40 3
3 13.8 33 5
4 15.9 34 8
5 18.7 45 9
6 21.7 56 6
7 26.2 5 5
8 29.9 86 7
9 30.1 90 4
10 32.8 102 4
Partl:

We propose to explain the price of a car (Y) only by its power (X;). For this purpose we
adopt a simple linear regression model Such that:

Y=AX;+B+¢ (Var(e) = 6°)
1)- The adjusted model is denoted by par Y, = a X;; +b. Compute the estimates of A (a) and
B (b) given the following results :

Car Yi Xis Y2 Xin® Yi*Xi1
1 12 33 144 1089 396
10 32.8 102 1075.84 10404 3345.6
SUM (for the 10 cars) [ 216 594 5192.14 41620 14635.7

2)- Compute the linear correlation coefficient between the price and the power. Would this
coefficient change if the price Y were expressed in Lebanese Lira instead of 1000$? Justify

your answer.
3)- Give the estimate of the price of a car with power of 80 kw.

4)- The Least Squares Method provides the following table:

Car Observed price | Predicted price Residual Standardized residual
1 12 2 ' -0.797
2 14.9 ? ? 0.050
3 13.8 13.849 -0.049 -0.107
4 15.9 15.620 0.280 0.608
B 18.7 19.281 -0.581 -1.261
6 21.7 20.967 0.733 1.591
7 26.2 25.944 0.256 0.555
8 29.9 30.100 -0.200 -0.433
9 30.1 29.769 0.331 i QA7
10 32.8 33.225 -0.425 -0.922




a)- Complete the rows 1 and 2 (?) of this table using your computed estimates in the first
question.

b)- Give an estimate of the variance of the error o2.

c¢)- What do we mean by an outlier value? Could we eliminate it? What would be its effect
on the estimation of the model?

d)- Are there outliers in the cars data? Justify your answer.

Part |l :
We propose to explain the price (Y) by both the power (X;) and the equipment rate of the

car (Xz) using a multiple linear regression Such that:
Y=A X, +A; Xo + As +¢ (Var(e) = o)
The adjusted model is denoted by Y; = a; Xy + a, Xy + as.

The corresponding ANOVA Table is as follows:

Source of variation Value Degree of freedom
Regression 525.05 ]
Residual ? ?
Total 526.54 o]

1)- Complete this table (the ?), then carry out an F-test (Fisher) in order to assess the
overall fit of the model at risk of 5%.

2)- We compute and we find : R? = Coefficient of determination = 0.997 :
R?adjusted = 0.996.
a)- What is the role of R*? Interpret its value.
b)- What is the usefulness of adjusted R? ?

Part Il
The Least Squares Estimation leads to the following results:
Coefficient Estimation Corresponding standard error | Computed t value
a, .288 .006 49.590
as 494 .070 7.098
as 1.876 543 3.453

1)- Establish the confidence interval (at 95%) of each one of the three coefficients.
2)- Test the nullity of each one of these coefficients (at 95%).

3)- What should be done in case a coefficient is judged equal to zero ?

4)- Estimate the price of a brand new car with power of 80 kw and equipment rate of 9.
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