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� Read each question carefully and give your answers in the space provided
� Be rigorous and justify all your answers
� Unless otherwise stated, use 5% for signi�cance level

Name: Number:

1. (7 points) Consider the following regression on the determinants of Botswana women
fertility participating in a United Nations child support program, where lchildren is
the logarithm of the number of children born to a woman and educ is the number of
years of education.

Dependent Variable: LCHILDREN
Method: Least Squares
Included observations: 3229

Coefficient Std. Error tStatistic Prob.

C 1.205217 0.018755 64.26218 0.0000
EDUC 0.057492

Rsquared 0.117409 Mean dependent var 0.894680
Adjusted Rsquared 0.117135 S.D. dependent var 0.681799
S.E. of regression 0.640624 Akaike info criterion 1.947871
Sum squared resid 1324.358 Schwarz criterion 1.951637
Log likelihood 3142.838 HannanQuinn criter. 1.949221
Fstatistic 429.2787 DurbinWatson stat 1.946661
Prob(Fstatistic) 0.000000

(a) Provide a rigorous interpretation of the regression coe¢ cient estimate for educa-
tion. In particular, what is the e¤ect on fertility from increasing education by 3
years?
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(b) Comment on the individual statistical signi�cance of education, assuming the
Gauss-Markov assumptions hold in the theoretical model.

(c) Let �1 denote the coe¢ cient on education. Is the point �1 = 0 contained in the
95% con�dence interval for �1? Explain.
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(d) How would you change your model if you had a strong belief that years of high
school education had a di¤erent impact on fertility from college education?

Consider now an extended version of the previous model, where age is measured
in years and agesq is the squared age.

Dependent Variable: LCHILDREN
Method: Least Squares
Included observations: 3229

Coefficient Std. Error tStatistic Prob.

C 2.418617 0.120511 20.06974 0.0000
EDUC 0.030515 0.002132 14.30965 0.0000
AGE 0.179049 0.007709 23.22655 0.0000

AGESQ 0.001971 0.000119 16.54994 0.0000

Rsquared 0.514220 Mean dependent var 0.894680
Adjusted Rsquared 0.513768 S.D. dependent var 0.681799
S.E. of regression 0.475420 Akaike info criterion 1.352003
Sum squared resid 728.9292 Schwarz criterion 1.359535
Log likelihood 2178.810 HannanQuinn criter. 1.354702
Fstatistic 1137.936 DurbinWatson stat 1.837442
Prob(Fstatistic) 0.000000
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(e) What is the marginal e¤ect on fertility of getting older by one year? Test the
null hypothesis that, holding other factors �xed, age has no e¤ect on fertility,
assuming the Gauss-Markov assumptions hold in the theoretical model.

(f) Why has the coe¢ cient on education changed considerably when we added age
and agesq to the model?
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Consider, �nally, the previous regression model with two additional variables:
electric, which is equal to 1 if the woman has electricity at home and 0 otherwise,
and tv which is equal to 1 if the woman ownes a television and 0 otherwise.

Dependent Variable: LCHILDREN
Method: Least Squares
Included observations: 3226

Coefficient Std. Error tStatistic Prob.

C 2.499680 0.120775 20.69700 0.0000
EDUC 0.024645 0.002345 10.51016 0.0000
AGE 0.182637 0.007698 23.72549 0.0000

AGESQ 0.002008 0.000119 16.91877 0.0000
TV 0.101205 0.035786 2.828027 0.0047

ELECTRIC 0.091990 0.029543 3.113780 0.0019

Rsquared 0.518860 Mean dependent var 0.894956
Adjusted Rsquared 0.518113 S.D. dependent var 0.681569
S.E. of regression 0.473132 Akaike info criterion 1.342972
Sum squared resid 720.8086 Schwarz criterion 1.354279
Log likelihood 2160.214 HannanQuinn criter. 1.347024
Fstatistic 694.4889 DurbinWatson stat 1.857267
Prob(Fstatistic) 0.000000

(g) In percentage terms, on average, how much less children has a woman with televi-
sion? Is the di¤erence statistically signi�cant? Explain why television ownership
has a negative e¤ect on fertility.
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2. (6 points) The following estimation output is based on a subset of variables to estimate
a demand function for daily cigarette consumption. The dependent variable cigs is the
number of cigarettes smoked per day, educ is the number of years of schooling, age is
measured in years, agesq is the squared age, lincome is the (logarithm of the) annual
income, lcigpric is the (logarithm of the) per pack price of cigarettes (in cents) and
white is a dummy variable equal to 1 if the respodent is white, and 0 otherwise.

Dependent Variable: CIGS
Method: Least Squares
Included observations: 807

Coefficient Std. Error tStatistic Prob.

C 5.766878 24.07909 0.239497 0.8108
EDUC 0.514302 0.167677 3.067210 0.0022
AGE 0.782083 0.161047 4.856240 0.0000

AGESQ 0.009123 0.001754 5.201141 0.0000
LINCOME 0.753528 0.729902 1.032369 0.3022
LCIGPRIC 2.900860 5.746730 0.504784 0.6138

WHITE 0.204886 1.457961 0.140529 0.8883

Rsquared 0.045115 Mean dependent var 8.686493
Adjusted Rsquared 0.037954 S.D. dependent var 13.72152
S.E. of regression 13.45861 Akaike info criterion 8.045751
Sum squared resid 144907.3 Schwarz criterion 8.086461
Log likelihood 3239.461 HannanQuinn criter. 8.061384
Fstatistic DurbinWatson stat 1.997064
Prob(Fstatistic)

(a) Provide a rigorous interpretation of the regression coe¢ cient estimates.
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(b) Perform a test of overall signi�cance of the regression, assuming the Gauss-Markov
assumptions hold in the theoretical model. State clearly the null and the alterna-
tive hypothesis, the test statistic and the decision rule.

(c) At what point does another year of age reduce the number of cigarettes smoked
per day?
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The following output is the coe¢ cient variance-covariance matrix from the previ-
ous estimation.

C EDUC AGE AGESQ LINCOME LCIGPRIC WHITE
C 579.8026 0.047251 0.133429 0.001212 3.090676 132.6911 4.130416

EDUC 0.047251 0.028116 0.002990 4.23E05 0.031350 0.013786 0.001659
AGE 0.133429 0.002990 0.025936 0.000278 0.031608 0.006357 0.015019

AGESQ 0.001212 4.23E05 0.000278 3.08E06 0.000347 2.18E05 0.000179
LINCOME 3.090676 0.031350 0.031608 0.000347 0.532757 0.270870 0.049428
LCIGPRIC 132.6911 0.013786 0.006357 2.18E05 0.270870 33.02490 0.494931

WHITE 4.130416 0.001659 0.015019 0.000179 0.049428 0.494931 2.125650

(d) State the null hypothesis that income per capita and per pack price of cigarettes
have a symmetric e¤ect on the number of cigarettes smoked per day. Test the
stated hypothesis against the alternative that the e¤ect is not symmetric.
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(e) Suppose that you suspect that the determinants of the number of cigarettes
smoked per day are di¤erent among white and nonwhite individuals. How would
you proceed to test whether the determinants are the same or not for the two
groups? State clearly the null and the alternative hypothesis, the test statistic
and the decision rule.

(f) Consider that the previous cross-section model satis�es the Gauss-Markov as-
sumptions. Someone tells you that a variable that you did not include in the
regression has for sure a signi�cant impact on the number of cigarettes smoked
per day. Can you reconcile this with the fact that the Gauss-Markov assumptions
are veri�ed?
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3. (4 points) Imagine that you are interested in estimating the ceteris paribus relation-
ship between illegal drug usage (y) and education (x1). For this purpose, you can
collect data on two control variables, income (x2) and age (x3). Let e�1 denote the sim-
ple regression estimate from illegal drug usage on education and let b�1 be the multiple
regression estimate from illegal drug usage on education, income and age.

(a) If x1 is highly correlated with x2 and x3 in the sample, and x2 and x3 have large
partial e¤ects on y, would you expect e�1 and b�1 to be similar or very di¤erent?
Explain.
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(b) If x1 is almost uncorrelated with x2 and x3, but x2 and x3 are highly correlated,
will e�1 and b�1 tend to be similar or very di¤erent? Explain.

(c) If x1 is highly correlated with x2 and x3, and x2 and x3 have small partial e¤ects
on y, would you expect se(e�1) or se(b�1) to be smaller? Explain.
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(d) If x1 is almost uncorrelated with x2 and x3, x2 and x3 have large partial e¤ects
on y, and x2 and x3 are highly correlated, would you expect se(e�1) or se(b�1) to
be smaller? Explain.
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4. (3 points) Consider the following regression model:

beer = �0 + �1female+ v

where v is the error term, female is a dummy variable equal to 1 for females and equal
to 0 for males and beer is monthly beer consumption. Assume that, given a sample,
the Gauss-Markov assumptions hold.

(a) Given that the Gauss-Markov assumptions hold, what conditions are necessarily
veri�ed by the sample in terms of gender of the individuals?

(b) What is the percentage of females in the sample that minimizes the variance of
the OLS estimator for �1? Prove your claim.
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(c) How would you interpret �0 in the model beer= �0+�1female+�2male+v? What
Gauss-Markov assumption is at stake?
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