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Ex.1: Recall what we have already done on heteroskedasticity..
Consider the consumption function:

consi = β0 + β1inci + ui ui = ei
√
inci (1)

where ei is a random variable with E(ei) = 0 and V ar(e) = σ2e . Assume that ei is independent of
inci.

1. Explain the intuition behind the structure of the error.

2. Show that HP3 is satis�ed, which is that the zero conditional mean assumption holds.

3. Show that HP5 is violated, which is that the error terms and the regressor are not independent.

Ex.2: Consequences of heteroskedasticity
Discuss which of the following are consequences of heteroskedasticity?

1. The OLS estimators are inconsistent.

2. The usual F statistic no longer has an F distribution.

3. The OLS estimators are no longer BLUE.

Ex.3: Example on inference with di�erent standard errors
The following equation was estimated for the fall and second semester students:

Here, trmgpa is term GPA, crsgpa is a weighted average of overall GPA in courses taken, tothrs is total
credit hours prior to the semester, sat is SAT score, hsperc is grad- uating percentile in high school
class, female is a gender dummy, and season is a dummy variable equal to unity if the student's sport
is in season during the fall. The usual and heteroskedasticity-robust standard errors are reported in
parentheses and brackets, respectively.

1. Test whether there is an in-season e�ect on term GPA, using both standard errors. Does the
signi�cance level at which the null can be rejected depend on the standard error used?

2. Comment the di�erences between the standard errors and the robust ones.

Ex.4: Introduction to GLS
Consider a linear model to explain monthly beer consumption

beer = β0 + β1inc+ β2age+ β3educ+ β4female+ u

with E(u|inc, age, educ, female) = 0 and V ar(u|inc, price, educ, female) = σ2inc2. Write the trans-
formed equation that has a homoskedastic error term and comment.
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Ex.5: Implication of GLS
Consider the model

yi = β0 + β1xi + ui (2)

with heteroskedastic variance V ar(ui) = σ2i and its transformed homoskedastic version y∗i = b0σ
−1
i +

b1x
∗
i + u∗i where y

∗
i = σ−1

i yi, x
∗
i = σ−1

i xi and u
∗
i = σ−1

i ui.

1. Write the formula for the estimator of b1 and b0

2. Show that b0 and b1 are equal to the least squares estimators β0 and β1 when V ar(ui|xi) = σ2.
That is, the error variances are constant.

3. Does a comparison of the formulas for b0 and b1 with those for β0 and β1 suggest an interpretation
for the new estimators?
.

Ex.6: Example of GLS

Consider the model:
yi = β0 + β1xi + ui (3)

where the ui are independent errors with E(ui) = 0 and var(ui) = σ2x2i . Suppose that you have the
following �ve observations y = (4, 3, 1, 0, 2) and x = (1, 2, 1, 3, 4). Find the generalized least squares
estimates of β0 and β1.

Ex.7: Clusters, robust and standard errors
You want to estimate the following model:

salesit = β0 + β1solvency_rateit + uit (4)

where i is a �rm identi�er and t represent the year. Now you estimate the model with arti�cial data
provided by Petersen (2009) through the 'Sandwich' package of R, making di�erent assumption on the
standard errors. Below the graph of data and the estimated regression line and the table summarizing
the results.

1. Compare the estimated coe�cients of running OLS with classical and robust standard errors,
have they changed?

2. Compare the robust standard error with the classical ones (do they increase or decrease?). By
looking at the graph try to comment whether you would expect that direction of change.

3. Compare the clustered standard errors, which type of e�ect is predominant in the individual
error term?
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Figure 1: Scatterplot with regression line
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Figure 2: OLS results with classical standard errors

Figure 3: OLS results with robust standard errors

Figure 4: Standard errors clustered by groups: (i) �rm, (ii) years and (ii) �rm*year
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