
Endogeneity and Instrumental Variables

Charlie Gibbons
University of California, Berkeley

Economics 140

Summer 2011



Outline

1 Endogeneity

2 IV theory

3 Example 1: Fulton Fish Market

4 Example 2: Returns to schooling



Endogeneity

Endogeneity is a major problem in econometrics. There are two
general ways that it can arise:

Simultaneity: The outcome and the predictor of interest
are determined contemporaneously (e.g., price and
quantity in a supply and demand framework)

Omitted variables bias: The outcome and the predictor of
interest are both correlated with an omitted variable (e.g.,
the economic growth rate and tax rate tomorrow are
related to the expected level of growth in the future).

Instrumental variables attempt to get around this problem. In
its early days, IV was focused on the first instance above, but
now it is more commonly seen in the latter.



IV framework

For concreteness, we are going to consider an outcome y, an
endogenous treatment T , exogenous regressor x, and an
instrument z.

We have the regression

yi = β0 + β1Ti + xiγ + εi

and we want to know β1.

Problem: E[ε|T, x] 6= 0 because Ti is correlated with εi (i.e.,
there’s endogeneity).



Key idea

To get rid of the bias, we need to get rid of the endogenous
variable, T . But T is what we care about!

Key idea: We need to break T into the part that is correlated
with the error term and the part that is not. We need to divide
it into the part that we can predict using exogenous variables
including our instrument and the part that we cannot.

The part that we can predict can’t be correlated with the
error—it is correlated with x and z, which, by assumption, are
both exogenous.

We include the part of treatment that we can predict and
exclude the part that we cannot.



Assumptions

The two key assumptions in IV are the

Inclusion restriction: The instrument must be correlated
with the endogenous variable; and the

Exclusion restriction: The instrument cannot be correlated
with the error term in the model that you care about.

Put another way, the exclusion restriction requires that the
instrument impact the outcome only indirectly through the
treatment and not via any other route (directly by itself or
through an omitted variable); the inclusion restriction requires
that we can predict the treatment using our instrument.



First stage

To do IV in this intuitive way, we run

Ti = α0 + α1zi + δxi + ηi

and calculate
T̂i = α̂0 + α̂1zi + δ̂xi.

This is known as the first stage.



Inclusion restriction

The inclusion restriction requires that α 6= 0. We should do an
F test to ensure that this is the case.

If α̂ is near 0, then we have weak instruments. This leads to big
standard errors and, if our instrument is slightly correlated with
the error term in our model, we can get big bias, perhaps even
bigger than OLS.

We see here that the inclusion restriction is testable;
unfortunately, the exclusion restriction is not.



Second stage

Returning to our original regression,

yi = β0 + β1Ti + xiγ + εi

= β0 + β1

(
T̂i + η̂i

)
+ xiγ + εi

= β0 + β1T̂i + xiγ + (εi + β1η̂i)

= β0 + β1T̂i + xiγ + ε̃i.

T̂i is unrelated to its own residual and comes entirely from z
and x, both of which are uncorrelated with the error, so T̂ is
uncorrelated with the error.

Hence, we can get an unbiased estimate of β1.



Demand for fish

Let’s consider supply and demand for fish at the Fulton Fish
Market in New York City.

Suppose that demand is given by

qt = β0 + β1pt + dtδ + εt,

where qt and pt are the log quantity and price on day t and dt is
a vector of dummy variables for each day of the (work) week.
Note that β1 estimates the elasticity of demand for fish.



Supply of fish

Suppose that fishing is a competitive, constant returns to scale
industry—firms set price equal to marginal cost and marginal
cost is constant across all quantities. Then, the supply equation
is

pt = α0 + α1zt + dtγ + ηt,

where zt is an indicator for stormy weather on the fishing
grounds over the previous three days. This is our proposed
instrument.

Angrist, Joshua D., Kathryn Graddy, and Guido W. Imbens.
2000. “The Interpretation of Instrumental Variables Estimators
in Simultaneous Equations Models with an Application to the
Demand for Fish.” Review of Economic Studies. 67(3): 499–527



Evaluating the instrument

We must ask:

Exclusion restriction: Does stormy weather impact the
quantity demanded other than through the price of the
fish?

Inclusion restriction: Does stormy weather impact the cost
of catching fish?





Returns to schooling

We have a model of the returns to education:

wi = β0 + β1ei + εi,

where wi is the log wage. We assume that education is
endogenous.



Parental education as instruments

Perhaps the education level of an individual’s mother and
father could be instruments.

Why might they be valid?

The inclusion restriction could hold because your parents’
levels of education likely influence your choice of how long
to go to school.

The exclusion restriction could hold because your employer
doesn’t know your parents’ education, so he doesn’t use
that to determine your wage.



Problems with the instrument

Why might they not be valid?

Suppose that IQ is genetic and is linked to the parent’s
education and the child’s. Then, the instrument is
correlated with the error term in our model, violating the
exclusion restriction.

Suppose that a more educated parent is a positive role
model that encourages the child to do well generally. This
effect probably impacts the wage directly as well, again
violating the exclusion restriction.



Birth quarter as an instrument

How about an instrument that is an indicator of whether a
student was born in the first quarter of the year?

It turns out that these students tend to be older when they start
going to school and can drop out of school after fewer years of
education because they are older. Angrist and Krueger (1991)
show that there is a relationship here—the inclusion restriction
is satisfied (though quarter-of-birth is a weak instrument).

Angrist, Joshua D. and Alan B. Krueger. 1991. “Does
Compulsory School Attendance Affect Schooling and
Earnings?” Quarterly Journal of Economics. 106(4): 979–1014.







Top athletes are born earlier

Does it violate the exclusion restriction?

Here are some interesting facts:

Professional hockey players in Canada were twice as likely
to be born in the first quarter than the last.

70% of elite youth hockey players in Canada were born in
the first half of the year and only 10% were born in the
final quarter.

Similar results have been found for soccer, swimming, and
tennis.

How is this related?



Older kids

Students who are old for their grade tend to be bigger, stronger,
and more emotionally and intellectually mature. They tend to
do better than their classmates and these advantages persist for
quite some time.

Hence, we may think that the quarter-of-birth instrument is
correlated with our error term.



Compulsory schooling laws

Let’s try another instrument: compulsory schooling age. The
age at which a student can drop out of school has changed
across states and time. So long as this restriction is binding, in
that it forces some students to go to school longer than they
otherwise would have, it satisfies the inclusion restriction.

Acemoglu, Daron and Joshua Angrist. 2000. “How Large Are
Human-Capital Externalities? Evidence from Compulsory
Schooling Laws.” NBER Macroeconomics Annual. 15: 9–59.



Considering the exclusion restriction

Does it violate the exclusion restriction?

It may be invalid if the states change compulsory schooling laws
in response to off-trend changes in wages. For example, if a
state sees its wage start falling unexpectedly, it may force kids
to go to school longer, thinking that more education will raise
wages in the future. This could bias our estimate.
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