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Dissertation Abstract

Instrumental variables (IVs) are widely used to identify and estimate causal relationships
in models with endogenous explanatory variables. Having relevant instruments is crucial for
accurate inference. An extensive literature has studied the consequences of weak instruments
in linear simultaneous equations models, with weak instruments defined as instruments that are
only weakly correlated with the endogenous explanatory variables. One might conjecture that the
problem of weak instruments becomes even more important in nonparametric or limited dependent
variables models with endogeneity, as more flexible or complex models generally require stronger
identification power, and hence plausibly stronger instruments. Despite the problem’s importance
and the growing popularity of such models, there has been no study focused on weak instruments in
nonparametric settings and only few in nonlinear settings.

This dissertation conducts identification analyses and studies weak instruments in several
nonparametric and nonlinear simultaneous equations models. It proposes methods for estimation
and, in some cases, inference when instruments are possibly weak. In the first chapter, I consider
a nonparametric triangular model and define nonparametric weak instruments by deriving a
suitable identification condition and “localizing it.” I propose a penalized series estimator, where
I use penalization to alleviate the effect of the weak instruments, and derive the weak instrument
asymptotics of the estimator.

The second and third chapters consider bivariate probit models with endogenous binary
regressors. I conduct identification analyses, define weak instruments, and derive weak instrument
asymptotics of the maximum likelihood estimator. I establish the asymptotic size of tests and
confidence sets, and I introduce an inferential method that is robust to weak instruments.

I. Identification and Estimation in Nonparametric Triangular Models with Weak Instruments

In this chapter, I generalize the concept of weak instruments and analyze the effect of weak
instruments on identification, estimation and inference in a nonparametric triangular model. The
motivation for the model and problem can be illustrated with the example of Angrist and Lavy
(1999), who study the effect of class size on students’ test scores. Class size is endogenous and
they use a rule on maximum class size as an instrument. While Angrist and Lavy impose a linear
model, a more flexible functional form is appealing to allow the marginal effect of class size on test
scores to be different across class-size levels. One may worry, however, that the instrument might
be weak when the effect is estimated nonparametrically. With Angrist and Lavy’s sample, the first
stage F-statistic is 191.66, which indicates that the instrument is very strong based on conventional
criteria for linear models. In simulations, however, I show that when one estimates a nonparametric
structural function, even instruments that appear to be strong in a conventional sense may be
considered weak, in that the IV estimator does poorly in terms of mean squared error compared to
the least squares estimator that ignores endogeneity. This result raises the need for greater attention
to weak instruments in nonparametric settings.

This chapter proceeds with a triangular model fully nonparametric in both the outcome and
first-stage equations. I follow the control function approach for the identification and estimation of
the structural function. I first obtain a novel identification result based on which I establish “weak
identification.” With a mild support condition, I show that a particular rank condition is necessary
and sufficient for identification, so that a “slight violation” of it can result in weak identification.
This rank condition for identification is substantially weaker than the sufficient condition previously
established in the literature.

I then define nonparametric weak instruments, which generalizes the existing definition of
weak instruments of a linear first stage. In particular, I consider a sequence of first-stage regression
functions that converges at a certain rate to a function with no identification power, namely, a



constant function. The rate effectively measures the strength of the instruments and later appears in
my local asymptotic results.

Interestingly, the weak instrument problem can be seen as a multicollinearity problem
and is related to the ill-posed inverse problem in the literature. Given this insight, I introduce a
penalization scheme in estimation as a regularization method for weak instruments, and derive
the asymptotic properties of the resulting penalized series estimator. My results on the rate of
convergence of the estimator imply that weak instruments affect bias and variance “symmetrically,”
unlike the common wisdom that collinearity results in imprecise estimates but does not introduce
bias. Consistency and asymptotic normality are achieved provided that the instrument is
only “mildly weak” and that the penalty shrinks fast enough.

This chapter provides useful implications for applied researchers who consider various
nonparametric models: IV estimates can be misleading even when instruments are conventionally
strong; the effects of weak instruments cannot be alleviated by the choice of the order of series;
simulation results suggest that penalization can reduce variance significantly and, in some cases,
bias as well; and lastly, the strength of instruments can be improved by considering a nonparametric
first stage, so that the nonlinear relationship between the endogenous variable and instruments is
fully exploited.

As an empirical application, I consider the class size example mentioned above. I calculate
penalized series estimates for the class-size effect with different choices of tuning parameters. I also
contrast estimates based on linear versus nonparametric first stage and provide evidence that the
instrument is actually weak in a nonparametric sense. I compare my “control function estimates”
with the “nonparametric IV estimates” of Horowitz (2011) which is subject to the ill-posed inverse
problem.

I1. Identification in Bivariate Probit Models with Endogeneity (Joint with Edward Vytlacil)
and Inference with Weak Instruments

These two chapters of my dissertation study the identification problem in bivariate probit
(BVP) models with endogenous binary regressors, and develop inferential methods that are robust
to weak instruments. The outcome equation is a probit model that includes a binary endogenous
regressor, which is explained by another probit equation in the first stage. For example, this model
is used in the schooling literature to determine the effect of attending catholic high schools on
college attendance; attendance in catholic schools is endogenous and so instruments are introduced.
Although BVP models have been used extensively in applied research, relatively little research has
been done on identification analysis and weak instruments for these models.

The first part starts with deriving identification conditions in a simple BVP model.
Identification is achieved without the strong support conditions for exogenous variables like those
of Freedman and Sekhon (2008). We find that nonzero coefficients of excluded instruments are
sufficient for local identification, and a compact parameter space guarantees global identification.
We then extend the model in several interesting directions, one of which is to a model with common
exogenous regressors in both equations but without excluded instruments in the first stage. We find
that identification is still achieved here, due to the strong distributional assumption of a BVP model.

With the same class of models, the second part is to introduce weak instruments as local
to zero coefficients of the excluded instruments or of the common exogenous regressors, and to
find weak instrument asymptotics of maximum likelihood estimators. In doing so, I develop a
reparametrization scheme that allows me to adapt the framework of Andrews and Cheng (2011). I
verify their assumptions for asymptotic theory and establish consistency, lack-of-consistency and
asymptotic distributions of the estimators under a full range of strength of instruments. Based on
these results, I establish the asymptotic size of tests and confidence sets in a uniform sense. I also
introduce an inferential method that is robust to weak instruments.



