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1. Review: The Attraction of IV

6. Endogeneity/
Simultaneity

5. Heterogeneity

4. Misspecification

3. Meas. Err.

2. Selection

1. Forgot X2

instrumentexperimentAdd the omitted 
var.

Solution
Problem

Good omitted variables, experimental data and instruments are all hard to find.



1. Review: The attraction of IV

Sample Population

1. CEF 
y = Xb + e, x’e=0 2. BLP
b ols 3. Causal Effect

4. Linear Causal Effect    
5. Perfectly specified                     
equation model including all 
relevant variables

bIV=(z’x)-1z’y has no interpretation as a predictor



2. IV vs. Heterogeneity Bias: Compulsory Schooling, birth 
quarter and earnings – Angrist & Krueger (1991)

School boards have age at 
entry requirements.
States have compulsory 
schooling laws according to 
age. 
So a one-day difference in 
birthdate can create a one 
year difference in lifetime 
schooling.



And it works..



Quarter of birth and schooling 
completed



So here’s an instrument for ability in the 
“Mincer” regression

yi = β0 + β1xi + X2 β2 + ai + εi
x1 – schooling, y – log(earnings) 
The human capital wage regression (“Mincer”
regression) is the foundation of human capital theory. 
Yet we worry about bias due to unobserved ability, 
which is potentially correlated with schooling, 
Cov(x1,a)
z – quarter of birth, is a valid instrument if Cov(z, ε) = 
0, i.e., quarter of birth affects earnings only through its’
effect on schooling.  From Figure I we know that it’s 
relevant.



Reduced form: Do 1st quarter babies have 
lower earnings (as adults)? 



Wald Estimates



Two stage least squares



TSLS estimates: 



Possible Validity Problems:
Why might quarter of birth be correlated with the 
residual in the earnings equation? 

Age at entry and earnings
Season of birth and earnings

These seem like 2nd order problems, 

OID tests don’t raise any red flags

.. so we can stop worrying about ability bias in 
earnings equations and proudly claim that estimated 
returns to education are causal, right? 



3. Weak instrument bias in IV estimators

The graduate labor class at the University of 
Michigan does replication exercises. 
(Moderately short papers).  
Regina Baker and David Jaeger manage to 
replicate the results (Angrist and Krueger 
shared the data). 
But two things bother them and Prof. Bound: 
(Tables 1 and 2). 



Small Sample Bias of IV Estimators

Worry #1: The results are imprecise and unstable when the controls and instrument
sets change.



Small Sample Bias of IV Estimators

Worry #2: 
The results become 
precise and stable 
only when the first 
stage F tests cannot 
reject coefficients 
which are jointly 
zero. 



Small (finite) sample bias 

Consider the first stage: 
x = zδ + ω. 
Even if δ=0 in the population, as the number 
of instruments increases the R2 of the first 
stage regression in the sample can only 
increase. 
As we add instruments, x hat approximates x 
better and better, so that the 2nd stage IV 
estimate converges to the OLS estimate. 



Simulation with a random instrument

As an illustration, B,B and J
estimated the IV coefficient with 
a randomly assigned Z so that 
δ=0 by construction. 

They did a great job reproducing
the OLS estimate. 



Flavor #2: 
Weak Instruments when the IV is almost, 
but not quite, valid
• Is the cure worse than the disease?

• OLS bias vs. IV bias 

• What looks like a second order Cov(z, ε) can create a 
first order inconsistency if Cov(z,x) is small. 



4. What to do about weak instruments? 

First Stage F tests on the marginal excluded 
instrument or sets of instruments
First Stage R2


