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Problem 1
Exercise 6.5. Data were collected form a random sample of 220 home sales from a community in 2013.
Let Price denote the selling price (in $1000), BDR denote the number of bedrooms, Bath denote the
number of the bathrooms, Hsize denote the size of the house (in square feet), Lsize denote the lot
size (in square feet), Age denote the age of the house (in years), and Poor denote a binary variable
that is equal to 1 if the condition of the house is reported as ”poor”. An estimated regression yields

P̂ rice = 119.2+0.485BDR+23.4Bath+0.156Hsize+0.002Lsize+0.090Age−48.8Poor, R
2

= 0.72.

1. Suppose that a homeowner converts part of an existing family room in her house into a new
bathroom. What is the expected increase in the values of the house? Answer: $23,400.

2. Suppose that a homeowner adds a new bathroom to her house, which increases the size of the
house by 100 square feet. What is the expected increase in the value of the house? Answer:
∆BDR = 1 and ∆Hsize = 100. The resulting expected change in price is 23.4 + 0.156× 100 =
$39, 000.

3. What is the loss in value if a homeowner lets his house run down so that its condition becomes
”poor”? The loss is $48,000.

4. Compute the R2 for the regression. Answer: R2 = 1− n−k−1
n−1

(
1−R2

)
= 0.727.

Problem 2
Exercise 6.9. (Yi, Xi1, Xi2) satisfy the assumptions in Key Concept 6.4. You are interested in β1, the
casual effect of X1 on Y . Suppose that X1 and X2 are uncorrelated. You estimate β1 by regressing Y
onto X1. Does this estimator suffer from omitted variable bias? Explain. For omitted variable bias
to occur, two conditions must be true: X1 (the included regressor) is correlated with the omitted
variable, and the omitted variable is a determinant of the dependent variable. Since X1 and X2 are
uncorrelated, the estimator of β1 does not suffer from omitted variable bias.
Problem 3
Exercise 6.11. Consider the regression model

Yi = β1Xi1 + β2Xi2 + ui, i = 1, ..., n.

1. Specify the least squares objective function that is minimized by OLS.
Answer:

f =

n∑
i=1

(Yi − β1Xi1 − β2Xi2)
2
.

2. Compute the partial derivative of the objective function with respect to β1 and β2.
Answer:

∂f

∂β1
= −2

n∑
i=1

Xi1 (Yi − β1Xi1 − β2Xi2)

∂f

∂β2
= −2

n∑
i=1

Xi2 (Yi − β1Xi1 − β2Xi2) .

Prepared by Marta Boczoń based on ”Introduction to Econometrics” 3rd Edition by James H. Stock, Mark W.
Watson.
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3. Suppose that
∑n
i=1Xi1Xi2 = 0. Show that β̂1 =

∑n
i=1Xi1Yi/

∑n
i=1X

2
i1.

Answer:
n∑
i=1

Xi1

(
Yi − β̂1Xi1 − β̂2Xi2

)
= 0

β̂1 =

∑n
i=1Xi1Yi − β̂2

∑n
i=1Xi1Xi2∑n

i=1X
2
i1

=

∑n
i=1Xi1Yi∑n
i=1X

2
i1.

4. Suppose that
∑n
i=1Xi1Xi2 6= 0. Derive an expression for β̂1 as a function of the data

(Yi, Xi1, Xi2) , i = 1, ..., n.
Answer:

β̂2=

∑n
i=1Xi2Yi − β̂1

∑n
i=1Xi1Xi2∑n

i=1X
2
i2

β̂1 =

∑n
i=1Xi1Yi − β̂2

∑n
i=1Xi1Xi2∑n

i=1X
2
i1

β̂1 =

∑n
i=1Xi1Yi −

∑n
i=1Xi2Yi−β̂1

∑n
i=1Xi1Xi2∑n

i=1X
2
i2

∑n
i=1Xi1Xi2∑n

i=1X
2
i1

β̂1 =

∑n
i=1X

2
i2

∑n
i=1Xi1Yi −

∑n
i=1Xi1Xi2

∑n
i=1Xi2Yi∑n

i=1X
2
i1X

2
i2 − (

∑n
i=1Xi1Xi2)

2

5. Suppose that the model includes an intercept: Yi = β0 + β1Xi1 + β2Xi2 + ui. Show that the
least squares estimators satisfy β̂0 = Y − β̂1X1 − β̂2X2.
Answer:

f=

n∑
i=1

(Yi − β0 − β1Xi1 − β2Xi2)
2

∂f

∂β0
= −2

n∑
i=1

(Yi − β0 − β1Xi1 − β2Xi2)

β̂0= Y − β̂1X1 − β̂2X2.

6. Suppose that the model includes an intercept: Yi = β0 +β1Xi1 +β2Xi2 +ui. Also suppose that∑n
i=1

(
Xi1 −X1

) (
Xi2 −X2

)
= 0. Show: β̂1 =

∑n
i=1

(
Xi1 −X1

) (
Yi − Y

)
/
∑n
i=1

(
Xi1 −X1

)2
.

Hint : Substitute (5) into (1).

Answer: Substituting β̂0 = Y − β̂1X1 − β̂2X2 into the least squares objective function yields∑n
i=1

(
Yi − β̂0 − β1Xi1 − β2Xi2

)2
=
∑n
i=1

((
Yi − Y

)
− β1

(
Xi1 −X1

)
− β2

(
Xi2 −X2

))2
which

is identical to the least squares objective function in part (1), except that all variables have been
replaced with deviations from sample means. The result then follows as in (3).

Problem 4
Exercise 6.8. A recent study found that the death rate for people who sleep 6 to 7 hours per night is
lower than the death rate for people who sleep 8 or more hours. The 1.1 million observations used
for this study came from a random survey of Americans aged 30 to 102. Each survey respondent
was tracked for 4 years. The death rate for people sleeping 7 hours was calculated as the ratio of
the number of deaths over the span of the study among people sleeping 7 hours to the total number
of survey respondents who slept 7 hours. This calculation was then repeated for people sleeping 6
hours and so on. Based on this summary, would you recommend that Americans who sleep 9 hours
per night consider reducing their sleep to 6 or 9 hours if they want to prolong their lives. Why or
why not. Justify your answer with short example. Omitted from the analysis are reasons why the
survey respondents slept more or less than average. People with certain chronic illness might sleep
more than 8 hours. People with other illness might sleep less than 5 hours. This study says nothing
about the causal effect of sleep on mortality.
Problem 5
Exercise E6.1. On the course website, you will find a folder Birthweight Smoking that contains a
STATA data file and a detailed description of the data. Using the data set Birthweight Smoking
carry out the following exercises.
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1. In the sample:

(a) What is the average value of Birthweight for all mothers? Answer: 3382.9 grams.

(b) For mothers who smoke? Answer: 3178.8 grams.

(c) For mothers who do not smoke? Answer: 3432.1 grams.

(Note: Round your answers to one decimal place.)

2. Regress Birthweight on Smoker. What is the estimated effect of smoking on birth weight.
(Note: Round your answer to one decimal point.) Answer: The estimated effect of smoking on
birth weight is -253.2 grams.

3. Regress Birthweight on Smoker, Alcohol, and Nprevist.

(a) Using the two conditions in Key Concept 6.1, explain why the exclusion of Alcohol and
Nprevist could lead to omitted variable bias in the regression estimated in (1). Answer:
Smoking may be correlated with alcohol consumption and/or the number of prenatal doctor
visits, thus satisfying (1) in Key Concept 6.1. Moreover, alcohol consumption and/or the
number of prenatal doctor visit may have its own independent effect on birth weight, thus
satisfying (2) in Key Concept 6.1.

(b) Is the estimated effect of smoking on birth weight substantially different from the regression
that excludes Alcohol and Nprevist? Does the regression in (1) seem to suffer from omitted
variables bias? (Note: Round your answers to one decimal point.) Answer: The estimated
coefficient increased from -253.2 grams to -217.6 grams. Therefore, the regression in (1)
may suffer from omitted variable bias.

(c) Jane smoked during her pregnancy, did not drink alcohol, and had 8 percent prenatal care
visits. Use the regression to predict the birth weight of Jane’s child. (Note: Round your
answer to one decimal point.) Answer: 3106.4 grams.

(d) Compute R2 and R
2
. Why are they so similar? (Note: Round your answers to four decimal

points.) Answer: R2 = 0.0729, R
2

= 0.0719. The two values are nearly identical, because
the sample size is large.

4. Estimate the coefficient on Smoker for the multiple regression model in (2), using the Frisch-
Waugh theorem. Verify that the three-step process yields the same estimated coefficient for
Smoker as that obtained in (2). Answer: See the attached do-file.

5. An alternative way to control for prenatal visits is to use the binary variables Tripre0 through
Tripre3. Regress Birthweight on Smoker, Alcohol, Tripre0, Tripre2, and Tripre3.

(a) Why is Tripre1 excluded from the regression? What would happen if you included it in
the regression? Answer: Tripre1 is omitted to avoid perfect multicollinearity.

(b) The estimated coefficient on Tripre0 is large and negative. What does this coefficient
measure? Interpret its value. (Note: Round your answer to one decimal place.) Answer:
Babies born to women who had no prenatal doctor visits had birth weights 698.0 grams
lower than babies born to women who had their first prenatal doctor visit during the first
trimester.

(c) Interpret the value of the estimated coefficients on Tripre2 and Tripre3. (Note: Round
your answers to one decimal place.) Answer: Babies born to women who had their first
prenatal doctor visit during the second trimester had birth weight on average 100.8 grams
lower than babies born to women who had their first prenatal doctor visit during the
first trimester. Babies born to women who had their first prenatal doctor visit during
the second trimester had birth weight on average 137.0 grams lower than babies born to
women who had their first prenatal doctor visit during the first trimester.

Problem 6
Exercise E6.2. On the course website, you will find a folder Growth that contains Excel and STATA
data files and a detailed description of the data. Using the data set Growth carry out the following
exercises using both Excel and Stata.
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1. Construct a table that shows the sample mean, standard deviation, and minimum and maximum
values for the series Growth, TradeShare, Y earsSchool, Oil, Rev Coups, Assassinations, and
Rgdp60. Include the appropriate units for all entries. (Note: Round your answers to two decimal
points.)

Table 1: Summary statistics.

Variable Mean Std. Dev. Minimum Maximum Units
Growth 1.87 1.82 -2.81 7.16 Percentage points
Rgdp60 3131.00 2523.00 367.00 9895.00 $1960
Tradeshare 0.54 0.23 0.14 1.13 Unit free
yearsschool 3.95 2.55 0.20 10.07 Years
Rev coups 0.17 0.23 0.00 0.97 Coups per year
Assassinations 0.28 0.49 0.00 2.47 Assassinations per year
Oil 0.00 0.00 0.00 0.00 0–1 indicator variable

2. Run a regression of Growth on TradeShare, Y earsSchool, Rev Coups, Assasinations, and
Rgdp60. What is the value of the coefficient on Rev Coups? Interpret the value of this coef-
ficient. Is it large or small in a real-world sense? (Note: Round your answer to two decimal
points.) Answer: The coefficient on Rev Coups is -2.15.

3. Use the regression to predict the average annual growth rate for a country that has average
values for all regressors. (Note: Round your answer to two decimal points.) The predicted
growth rate at the mean values for all regressors is 1.94 (see the attached do-file for more
details).

4. Repeat (3) but now assume that the country’s value for TradeShare is one standard deviation
above the mean. (Note: Round your answer to two decimal points.) The resulting predicted
value is 2.39 (see the attached do-file for more details).

5. Why is Oil omitted from the regression? What would happen if it were included? The variable
Oil is omitted from the regression to avoid perfect multicollinearity. Oil takes on the value of 0
for all 64 countries in the sample and hence, it is a linear combination of one of the regressors,
namely the constant term.
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