
Econometrics I Comprehensive Exam Questions

Instructions. Read Carefully.
The following 2 questions are from the second half of the Econometrics 1 class. You

should do both questions

1. The following is the �tted regression of log wage (lwage) on education (educ) and
experience (exp) including an intercept:

dlwage = 4:7 + 0:09educ + 0:04exp
The heteroskedasticity robust variance covariance matrix (lower triangle) is given by,

V̂ =

0B@ 0:00424
�0:00023 0:000013
�0:00013 0:00000537 0:00000537

1CA
Note that the diagonals give the estimated variance of the coe�cients of the variables
in the following order: intercept, education, experience.

(a) (4 points) Provide an interpretation for each of the slope coe�cients in the �tted
regression.

(b) (5 points) How would you test the hypothesis that the coe�cient on education
is the same as the coe�cient on experience. In doing so make sure you do the
following: i) write down appropriate null and alternative hypotheses; ii) show how
you would compute an appropriate test statistic (you do not need to calculate it);
iii) write down the decision rule for a 5% signi�cance level test.
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2. Suppose we have a random sample (iid) of n observations fyi; xigni=1 such that,

yi = xi� + ei ,

E(eijxi) = 0, E(e2i jxi) = �2x2i
xi 2 (0;�]; E(xi) = �x

E(x2i ) = !x; E(x
4
i ) = �x

The OLS estimator for � is given by:

~� =

Pn
i=1 xiyiPn
i=1 x

2
i

An alternative estimator for � is given by:

�̂ =
1

n

nX
i=1

yi
xi

You may assume that enough moments exist to allow one to use the Laws of Large
Numbers and Central Limit Theorem for iid data. Asymptotic variances should be
expressed in terms of (some subset of) (�2; !x; �x; �x):

(a) (10 points) Derive the asymptotic properties of ~� and suggest an appropriate (ie
consistent) estimator of the variance covariance matrix.

(b) (10 points) Derive the asymptotic properties of �̂ and suggest an appropriate (ie
consistent) estimator of the variance covariance matrix.

(c) (5 points) Which estimator would you prefer? Explain.
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3. Suppose that Y is a random variable that has the density

f(y) = 1√
2π

exp(− (y−µ)2
2 ), where µ is the unknown parameter. This is the normal distribu-

tion with mean µ and variance 1.

(3.a) [8 points] Set up the M -estimation problem that corresponds to maximum likelihood es-

timation of the parameter µ. Be clear about the specific functional form of the objective

function.

(3.b) [8 points] Solve the M -estimation problem. What is the maximum likelihood estimator

µ̂N of µ?

(3.c) [5 points] Discuss whether µ̂N is a consistent estimator of µ. If it is consistent, provide

a rigorous justification (e.g., provide a proof). If it is not consistent, explain why not.

(3.d) [5 points] Discuss whether µ̂N is an unbiased estimator of µ. If it is unbiased, provide

a rigorous justification (e.g., provide a proof). If it is not unbiased, explain why not.

(3.e) [5 points] What is the distribution of µ̂N in repeated samples? Be specific, naming the

distribution and giving the values of the parameters of the distribution.

It can be shown that E(exp(Y )) = exp(µ+ 1
2
).

(3.f) [5 points] Use this information to come up with a different estimator µ̃N of µ, and discuss

whether µ̃N is consistent. “Different estimator” means different from the maximum

likelihood estimator µ̂N .



4. This question is about assessing the credibility of particular empirical strategies. There

are two unrelated questions along these lines. For each of the following questions, your answer

should include the following, in addition to anything else specifically mentioned in that question:

• Give an explanation of the assumption(s) under consideration, with specific reference

to the empirical setting. What do the assumption(s) mean in the empirical setting?

• Discuss arguments both for and against the assumption(s). Also, come to a final con-

clusion: Overall, is there a better argument for or against the assumption(s)?

Be sure to explain and justify your reasoning.

(4.a) [15 points] Suppose that we are interested in the causal effect of receiving a scholarship

(in the second year of an undergraduate program) on academic outcomes (in the second

year of the undergraduate program). The outcome Yi is academic performance (i.e.,

GPA) in the second year of the undergraduate program, and the treatment Xi is the

amount of scholarship received (perhaps 0) in the second year of the undergraduate

program.

First, consider the assumption of conditional unconfoundedness, where the “condi-

tioning” is on academic performance in the first year of the academic program. Second,

consider the assumption of unconditional unconfoundedness. These two assumptions

are to be made individually (i.e., consider just the first assumption and then consider

just the second assumption). As detailed above, give an explanation of each of those

assumptions, and discuss arguments both for and against those assumptions. Highlight

the differences in your answers.

(4.b) [15 points] Suppose that we are interested in the causal effect of property tax rates on

house prices. The outcome Yit is the average house price in a particular state i in a

particular year t, and the treatment Xit is the property tax rate (in percentage terms)

in state i in year t. We have panel data, and work with the standard linear fixed effects

model Yit = Xitβ + ci + uit. The states are indexed by i = 1, 2, . . . , N and the years are

indexed by t = 1, 2, . . . , T .

Consider the assumption that the explanatory variables are strictly exogenous condi-

tional on the unobserved effect. As detailed above, give an explanation of that assump-

tion, and discuss arguments both for and against the assumption. Highlight the role

of why the property tax rate is set to a particular level in particular states in particular

years.


