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1. Using cross section data on individuals in a certain year, the following equation is estimated
wage = By + freduc + B,exper + Bzexper? + u

where the variables are

wage: average hourly earnings

educ: years of education

exper: years of experience.

The regression results are:

Dependent variable:

wage
educ 0.595%**
(0.053)
exper 0.268%**
(0.037)
expersq -0.005%%*
(0.001D)
Constant -3.965%%%*
(0.752)
Observations 526
R2 0.269
Adjusted R2 0.265
Residual std. Error 3.166 (df = 522)
F Statistic 64.109*%** (df = 3; 522)
Note: *p<0.1; **p<0.05; ***p<0.01

a. Using the formula for the effect of experience on wage in this setup, what is the return to the
fifth year of experience, i.e., when exper increases from 4 to 5? Provide the numerical value.

Answer: The return to experience is given by B2 + 2Bsexper. For the fifth year of experience, this
is 0.268 + 2(-0.005)4, i.c., 0.231.

b. At what value of exper does additional experience actually begin to lower predicted wage (i.e.,
the turning point)? Provide the numerical value.



Answer: The turning point is given by |0.268/2(-0.005)|, i.e., 26.8 years.
2. Consider a model where the return to education depends upon the amount of work experience
(and vice versa):
wage = [y + preduc + Brexper + Bieduc - exper +u
where the variables and data are as discussed in question 4.

The summary statistics are

wage educ exper
Min. : 0.530 Min. : 0.00 Min. : 1.00
1st Qu.: 3.330 1st Qu.:12.00 1st Qu.: 5.00
Median : 4.650 Median :12.00 Median :13.50
Mean : 5.896 Mean :12.56 Mean :17.02
3rd Qu.: 6.880 3rd Qu.:14.00 3rd Qu.:26.00
Max. :24.980 Max. :18.00 Max. :51.00

The regression results are

Dependent variabTle:

wage
educ 0.602%**

(0.090)
exper 0.046

(0.043)
educ:exper 0.002

(0.003)
Constant -2.860%*

(1.181)
Observations 526
R2 0.226
Adjusted R2 0.221
Residual std. Error 3.259 (df = 522)
F Statistic 50.713*** (df = 3; 522)

Note: *p<0.1; **p<0.05; ***p<0.01



a. Using the formula for the effect of experience on wage in this setup, what is the approximate
return to experience for the average level of education? Provide the numerical value.

Answer: The return to experience is given by B2 + Bseduc. For the average level of education,
this is 0.046 + 0.002 x 12.56, i.e., 0.071.

b. Using the formula for the effect of education on wage in this setup, what is the approximate
return to education for the average level of experience? Provide the numerical value.

Answer: The return to education is given by 1 + Bsexper. For the average level of experience,
this is 0.602 + 0.002 x 17.02, i.e., 0.636.

3. This question is inspired by a study published (by Andrew Rose) in Journal of International
Economics in July 2004. The study is entitled “Do WTO Members have More Liberal Trade
Policy?” Suppose using cross sectional data across countries in a certain year, the following
equation is estimated:

open; = Bo + BIWTO; + B2OECD; + B3WTO;-OECD; + Bapopulation; + ui.

Here i1 denotes country, u denotes the unobserved factors, and the variables are

open: measure of openness, i.e., (exports + imports)/gross domestic product (GDP)
WTO: binary indicator defined as 1 for World Trade Organization (WTQO) members (0
otherwise)

OECD: binary indicator defined as 1 for Organization for Economic Cooperation and
Development (OECD) members (0 otherwise)

population: population size.

a. Controlling for population size, which coefficient (or combination of coefficients) captures the
difference in openness between WTO members and countries that are neither WTO nor OECD
members?

Answer: Bi.

b. Controlling for population size, which coefficient (or combination of coefficients) captures the
difference in openness between OECD members and countries that are neither WTO nor OECD
members?

Answer: B>.

¢. Controlling for population size, which coefficient (or combination of coefficients) captures the
difference in openness between countries belonging to both the WTO and OECD and countries

that are neither WTO nor OECD members?

Answer: B1 + B2 + Bs.



d. In the above equation, can we add a non-WTO membership dummy defined as 1-WTO? Why
or why not?

Answer: No, due to perfect collinearity or the dummy variable trap.

4. This question is inspired by a recent study published (by Kitae Sohn) in Economics & Human
Biology in November 2017. The study is entitled “The Association between Height and
Hypertension in Indonesia.” Suppose, using cross sectional data on individuals in a certain year,
the following linear probability model (LPM) is estimated by ordinary least squares (OLS):

hypertension; = o + Biheight; + ui.

Here i denotes individual, u denotes the unobserved factors, and the variables are
hypertension: binary indicator defined as 1 for people with high blood pressure (0 otherwise)
height: height in cm.

a. Are the errors in a LPM homoskedastic?
Answer: No, the errors are necessarily heteroskedastic.

b. If B1 is estimated as -0.461, how would we interpret this coefficient estimate corresponding to
height?

Answer: An increase in height by 1 cm is associated with a decrease in the probability of
hypertension by 0.46.

c. Specify one advantage of estimating the above relationship between hypertension and height
using a logit or probit model instead of OLS.

Answer: One advantage is that the predicted probabilities are always between 0 and 1.

d. For a logit or probit model, the marginal effect of height on the probability of hypertension is
not constant across all observations. Specify two approaches of calculating the marginal effect
for such models?

Answer: One approach would be to calculate the effect at the average value of height.
Alternatively, we can calculate the observation-specific marginal effects and then take the
average.

5. This question is inspired by a recent study published (by Evelina Gavrilova, Takuma Kamada,
and Floris Zoutman) in Economic Journal in January 2019. The study is entitled “Is Legal Pot
Crippling Mexican Drug Trafficking Organizations? The Effect of Medical Marijuana Laws on
US Crime.” The state-level data from the U.S. is a panel with data across all states from two
years, i.e., 1995 and 2010. The following equation is estimated:



crimeit = o + 8od10: + B1MMi; + P2log(incomeit) + uit.

Here i denotes state, t denotes year, u denotes the unobserved factors, and the variables are
crime: crime rate per 100,000 inhabitants

d10: binary indicator defined as 1 for 2010 (0 otherwise)

MM: binary indicator defined as 1 for states that decriminalize production and consumption of
(medical) marijuana (0 otherwise); note that no state decriminalized in 1995 but some did by
2010

income: median income.

a. Suppose the above regression is estimated by OLS, and the corresponding estimate of P is
174.44. How would you interpret this coefficient estimate corresponding to MM?

Answer: Decriminalizing production and consumption of (medical) marijuana in a state is
associated with an increase in crime rate of about 174.44 per 100,000 inhabitants.

b. Next, suppose uit = a; + vit, such that MM;; and a; are correlated. In other words, a; is a time-
invariant state characteristic that affects crime and is also correlated with MM. For example,
think of inland states versus those bordering Mexico, or presence of local gangs. In such a
scenario, what is a drawback of an OLS approach?

Answer: In this case, our OLS estimator is biased due to the correlation between MM;; and a;.

c¢. Next, suppose uit = a; + vit, such that MM;; and a; are correlated. In other words, a; is a time-
invariant state characteristic that affects crime and is also correlated with MM. For example,
think of inland states versus those bordering Mexico, or presence of local gangs. In such a
scenario, given the drawback of an OLS approach, what estimation strategy would you pursue to
control such for time-invariant state characteristics?

Answer: First-differencing.

d. Next, suppose uit = ai + vit, such that MM, and a; are correlated. In other words, a; is a time-
invariant state characteristic that affects crime and is also correlated with MM. For example,
think of inland states versus those bordering Mexico, or presence of local gangs. In such a
scenario, say we use an estimation strategy to control such for time-invariant state
characteristics. However, suppose vit includes some measure of drug violence such that vi; is
uncorrelated with MMj,, but vi.1 (i.e., past drug violence) is correlated with MMj;. In this case,
would your strategy to control such for the time-invariant state characteristics be valid? Why or
why not?

Answer: No. First-differencing relies on the assumption of strict exogeneity which is violated in
this case.

6. Suppose the relationship between state-level pollution and manufacturing output is given by:



pollution; = o + Broutput; + u;

where i: state

pollution: measure of air pollution

output: manufacturing output

u: unobserved characteristics such as environmental regulation.

Say, output and u are correlated such that the OLS estimator is biased and inconsistent.

a. If the minimum wage in a state (denoted by z) is regarded as an instrumental variable (IV) for
output, what properties must it satisfy in terms of its correlation with output and u?

Answer: z must be correlated with output but uncorrelated with u.
b. In this setup, what would the problem of weak instruments be?

Answer: The issue would be low correlation between output and minimum wage.



