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Question 1: (Exercise 6.1 from Econometric Notes) Let 𝑦 = 𝑋𝛽 + 𝜀 , 𝐸(𝜀 ∣ 𝑋) =
0 , 𝐸(𝜀𝜀T) = 𝜎2𝐼 represent the simple linear regression

𝑌𝑖 = 𝛽0 + 𝛽1𝑋𝑖1 + 𝜖𝑖 , 𝑖 = 1, 2, ..., 𝑛 .

(a) Use
̂𝛽𝑜𝑙𝑠 = (𝑋T𝑋)−1𝑋T𝑦

to find expressions for ̂𝛽0 and ̂𝛽1 and show that they are the same as those obtained in
Chapter 3, i.e.,

̂𝛽𝑜𝑙𝑠
0 = 𝑌 − ̂𝛽𝑜𝑙𝑠

1 𝑋

̂𝛽𝑜𝑙𝑠
1 = ∑𝑛

𝑖=1(𝑌𝑖 − 𝑌 )𝑋𝑖
∑𝑛

𝑖=1(𝑋𝑖 − 𝑋)𝑋𝑖
= ∑𝑛

𝑖=1(𝑋𝑖 − 𝑋)(𝑌𝑖 − 𝑌 )
∑𝑛

𝑖=1(𝑋𝑖 − 𝑋)2 .

(b) Use

Var( ̂𝛽 ∣ 𝑋) = [ Var( ̂𝛽0 ∣ 𝑋) Cov( ̂𝛽0, ̂𝛽1 ∣ 𝑋)
Cov( ̂𝛽0, ̂𝛽1 ∣ 𝑋) Var( ̂𝛽1 ∣ 𝑋) ] = 𝜎2(𝑋T𝑋)−1

to find expressions for Var( ̂𝛽0 ∣ 𝑋) and Cov( ̂𝛽0, ̂𝛽1 ∣ 𝑋) in the simple linear regression.
What is the sign of Cov( ̂𝛽0, ̂𝛽1 ∣ 𝑋)?

Remark: For intuition regarding the sign of Cov( ̂𝛽0, ̂𝛽1 ∣ 𝑋), consider the fact that estimated
regression lines always pass through the point (𝑋, 𝑌 ).
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