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1 Instrumental Variables

Recall from previous discussion the linear regression model

y = β0 + β1x+ ε (1)

with its main assumption: E(ε|x) = E(u) = 0. This assumption is telling us that for any given x,
the average of the unobservables is the same, and by assumption (normalization) it is equal to zero.
The Ordinary Least Squares Estimators (OLS) presented in our previous meeting were crucially
based on this assumption. It turns out that in many cases this assumption is not satisfied and then
we have serious inconsistent and biased estimates which in turn might cause erroneous conclusions
in our empirical research. For example, suppose that the true model is

Growth = β0 + β1schooling + β2schooling
2 + β3ability + ε

where we expect that in reality ability affects growth positively (β3 > 0). Whenever the zero con-
ditional mean assumption holds for an explanatory variable, we say it is exogenous. When this
assumption does not hold, we say that the explanatory variable is endogenous. For example, the
latter case occurs if ability is not fully observable and may be part of the error term ε or may be
correlated with education. This first cause of endogeneity is referred as the omitted variable bias.
How could we assess the bias? Well, if we suppose education and ability are positively correlated ,
then if education is increased , so is ability (e.g. selection by schools). Therefore, by not considering
the effect of ability on growth we assign an additional effect of education on growth that should
have been attributed to ability instead.

Another potential source of endogeneity is the reverse causality problem: the left-hand-side vari-
able may be affecting the right-hand-side variable. For example countries that growth faster can
afford higher spending in education. In this case we could end up overestimating the causal effect
of education on growth since the effect is positive in both directions.

One way to deal with the endogeneity problem is to use instrumental variables (IV). Consider
an instrumental variable z, the conditions for a good instrumental variable are:

1. Instrument relevance condition: the instrumental variable z is correlated with the endogenous
variable x.

2. Instrument exogeneity: the instrumental variable has no correlation with the error term, i.e.
E(ε|z) = 0.
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Intuitively, it is as if the endogenous variable x had two components: one component that is cor-
related with ε and one component that is uncorrelated with it. Hence, using IV method, amounts
to only considering the exogenous component of x. Example: an instrument for schooling could
be ”the number of siblings per individual” which affects the years of education negatively but is
uncorrelated with the error term (and ability in particular).

Two-stage least squares estimation method (2SLS):

1. Regress x = γ0 + γ1z + η by OLS method. We then obtain the part of x that is predicted by
z, i.e. the exogenous part of x. Specifically, we get x̂ = γ̂0 + γ̂1z

2. Regress y = β0 + β1x̂+ ε again by OLS.
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