
OLS Assumptions: Simple vs. Multiple
Regression

EC 320 – Econometrics Summary Sheet

Assumption Simple Linear Regression Multiple Linear Regression

1. Linearity in
Parameters

Y = β0 + β1X + u Y = β0 + β1X1 + · · ·+ βkXk + u

2. Variation in
Regressors

X must vary in the sample Each Xj must vary (no perfect
collinearity)

3. Zero
Conditional
Mean

E[ui] = 0 E[ui | X1, . . . , Xk] = 0

4. Homoskedas-
ticity

Var(ui) = σ2 Var(ui | X1, . . . , Xk) = σ2

5. No
Autocorrelation

Cov(ui, uj) = 0 for i ̸= j Same: ui and uj are
independent across i ̸= j

6. Normality of
Errors

ui ∼ N (0, σ2) ui ∼ N (0, σ2), given all Xj

Notes:

� Assumptions 1–5 are required for OLS to be unbiased and efficient (BLUE).

� Assumption 6 (Normality) is not required for unbiasedness, but enables hypothesis
testing.
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Unbiasedness and Efficiency of OLS
Summary Sheet – EC 320

Unbiasedness of β̂j

Under the classical assumptions (especially A3: E[ui] = 0), we can express each OLS coeffi-
cient as:

β̂j = βj +
∑
i

aijui

where aij are functions of the data interacted with each ui. You may want to refer to
your Chapter 2 notes to see how we got to this point.1

Taking expectations:

E[β̂j] = βj +
∑
i

aijE[ui] = βj +
∑
i

aij · 0 = βj

Conclusion: OLS is an unbiased estimator of βj.

Efficiency of OLS

Under the Gauss-Markov Theorem, OLS is theBest Linear Unbiased Estimator (BLUE)
– i.e., it has the lowest variance among all linear unbiased estimators.

The table below summarizes how we estimate residual variance and standard error in
both simple and multiple regression. We won’t derive these in class, but you are welcome to
explore them on your own (especially via matrix algebra).

Concept Simple Regression Multiple Regression

Estimator of
Residual Variance

σ̂2 = 1
n−2

∑
i û

2
i σ̂2 = 1

n−k−1

∑
i û

2
i

Standard Error of β̂j

SE(β̂1) =

√
σ̂2∑

i(Xi − X̄)2
SE(β̂j) =

√
σ̂2∑

i(xji − x̄j)2 · (1−R2
j )
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1Hint: Substitute Yi and Ȳ into your basic OLS formula.
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