
ECON 718 Spring 2010.

Take-home Final Exam

Instructions: You are free to consult notes, books, papers or any other material while you work on this

exam. You must work individually. Discussing this exam with anyone will be considered cheating. You

must turn your answer in by 5:00PM on Monday, May 17th. You can either turn in your answers in my

Economics department mailbox or by email, as long as the emailed file is clearly legible.

1. (This problem is related to quantile regression) Consider the linear model yi = �′

0xi+ui and make the

following assumptions:

(A1) xi and ui are independent. xi contains a constant (i.e, an intercept) along with a K-dimensional

vector of jointly continuously distributed random variables with compact support. In addition,

∄ � ∕= 0 such that with probability one: x′

i
� = 0. (i.e, it is not the case that the elements in xi

are linearly dependent w.p.1). We will also assume that the matrix E[xix
′

i
] is invertible.

(A2) ui is a continuously distributed random variable with unbounded support and is symmetrically

distributed around zero. Denote its cdf and density functions by Fu(⋅) and fu(⋅) respectively. The
unbounded support assumption implies that fu(u) > 0 for all u ∈ ℝ. Symmetry implies that the

median of ui is zero. We will also assume that 2fu(u) > fu(0) for all u ∈ (0, �0.90), where �0.90 is

the 0.90-percentile of ui.

Suppose we observe an iid sample (yi, xi)
N

i=1 from the population described above. Let � = (�′1, �
′

2)
′

and consider the following M-estimation problem,

Min
�∈Θ

1

N

N∑

i=1

Min
{∣∣yi − �′1xi

∣∣,
∣∣yi − �′2xi

∣∣
}
.

Denote the resulting estimators by �̂ = (�̂′1, �̂
′

2)
′. The space Θ satisfies the following restrictions:

(A3) For all (�1, �2) ∈ Θ, �′1xi ≥ �′2xi with probability one. This is necessary for identification purposes.

(A4) Θ is compact, but big enough to include (at least) the entire interval [�0.01, �0.99] in the co-ordinates

of the constant terms in �1 and �2, where �0.01 and �0.99 denote the 0.01 and 0.99-percentiles of

ui respectively.

Note that the minimization problem must incorporate the condition (A3), which will impact the

dimensionality of Θ and therefore, of � and �̂. Answer the following:

(a) Find the probability limit of �̂, denote it by �∗. What is the relationship between �∗ and �0?

(b) Characterize the asymptotic distribution of
√
N(�̂ − �∗).

1



2. (This problem is related to generated regressors) Consider a binary choice model of the form

Yi = 1{X ′

i
�0 + E[Wi∣Zi]0 − "i ≥ 0

}
,

where Zi ∈ R is a continuously distributed random variable. Wi ∈ R is either discrete or continuous

(feel free to assume whichever case you think is easiest). Suppose for simplicity that X ′

i
�0 is

continuously distributed with unbounded support. The parameter of interest is �0 ≡ (�0, 0). Suppose

the distribution of "i is unknown, except for the same type of assumption we made for the Maximum

Score estimator. Namely,

Median("i∣Xi, Zi,Wi) = 0,

and the conditional distribution of "i∣Xi, Zi,Wi is not flat in a neighborhood of "i = 0, so that

Median("i∣Xi, Zi,Wi) is uniquely equal to zero w.p.1. Suppose the functional form of E[Wi∣Zi] is

unknown, but the researcher observes an iid sample {Yi, Xi,Wi, Zi}Ni=1
. Describe a method to estimate

�0 taking into account that you would have to plug in a (nonparametric) estimator Ê[Wi∣Zi] for the

unknown E[Wi∣Zi]. Characterize carefully and in detail the asymptotic properties of your proposed

estimator. Feel free to include any additional assumption you deem necessary (e.g, about the support

of Zi, etc.) and describe carefully the properties of any kernels and bandwidths involved. Note: You

must rely solely on the assumptions of Maximum Score. Hint: Instead of using indicator functions,

try the approach in Horowitz’s Smoothed Maximum Score procedure (A Smoothed Maximum Score

Estimator for the Binary Response Model, Joel L. Horowitz. Econometrica, Vol. 60, No. 3 (May,

1992), pp. 505-531).
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