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Today’s Plan

1 Intuition behind Instrumental Variables (IV)

2 When is IV used?

3 Nuts and Bolts

Assumptions that underpin IV

Carrying out IV in STATA

4 Look at a famous example of IV
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OLS is not always appropriate

In these cases other techniques can help us to gain a reliable
estimate

While these fancy techniques are useful in some situations, they
also have more assumptions underlying them

There is always a trade-off

No free lunch in economics!
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Why IV?

Suppose we want to look at the returns to education...

Classic way to estimate wages is the Mincer equation is:

log(wage) = β0 + β1education + β2exper + β3exper2 + ε

Is it reasonable in this to expect the underlying assumptions of
OLS to hold?

In particular we are assuming:

E (ε | education, experience) = 0

In words, we are assuming the value of the error term is
independent of education and experience
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This will not be the case if there are unobserved determinants of
wages that are correlated with how much schooling someone gets

Are there?

Ability/ Intelligence?

Work ethic?

Health?

Social Network?

If these play a role in determining health and education and we do
not control for them .....

E (ε | education, experience) = 0 will NOT be true !

The education variable would be endogenous and the result
estimate would be biased
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Endogenous?

Just said that education would be endogenous

What does endogenous mean?

Endogenous

Endogeneity problems occur when an explanatory variable is
correlated with the error term

1 Can be an uncontrolled confounder causing both independent
and dependent variables of a model (the education case)

2 or a loop of causality between the independent and dependent
variables of a model (productivity)

Opposite is exogenous
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Back to the problem....

So just control for them right?

Very hard to measure some of these things!!!

Ability/ Intelligence?

Work ethic?

Health?

Social Network?

If we can’t measure them...they are taken into account in the error
term but that will break the aforementioned assumption of OLS

IV allows us to account for this endogeneity and provide an
accurate estimate of the returns of schooling!
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Learning Outcomes

Understand why we are using models...

1 Problem with OLS that endogenous variables will mean that
one of Gauss-Markov assumptions does not hold

E (ε | education, experience) = 0

2 OLS estimates will be biased!

3 IV can help us remove this problem IF PROPERLY
IMPLEMENTED
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IV

Problem if education is correlated with the error term

So rather than use OLS, we want to just use the part of education
the education variable that is not correlated with our error term, ε

log(wage) = β0 + β1(educ correlated + educ uncorrelated) +
β2exper + β3exper2 + ε

Rather than the above what we want is:

log(wage) = β0 + β1educ uncorrelated + β2exper + β3exper2 + ε

Removed the educ correlated term

Obviously assuming there is part of education which is not
correlated with the error term.....
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How to do this?

One way to do this is to use an experiment

Make one half of the sample get an extra year of education
and compare the difference in the two samples

Not always possible to run an experiment though...

Money
Ethics

With IV we are trying to find something that naturally allows us to
separate these aspects out

Instrument for the endogenous variable!
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Instrumenting

Key is to instrument the variable that is causing problems (in this
case education)

Instrument

A variable that determines the endogenous regressor (education in
this case!)

But only affects the dependent variable (wage) through its effect
on the independent variables

This means the instrument, Z , should hold the following property:

Z is not correlated with the error term (so that E(Z | ε) = 0)
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More formally:

Given the below model,

log(wage) = β0 + β1educ + β2exper + β3exper2 + ε

We believe Cov (Educ, ε) 6= 0

So we need an instrument, Z, that has the following properties:

1 Z is uncorrelated with ε, so that E(Z | ε) = 0

2 Z is strongly (or at least weakly) correlated with X (education
in this case)

3 Z does not have a direct impact on y (it is not an explanatory
variable)
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Examples of instruments

In simple terms we want an instrument that is highly correlated
with education....but not correlated with wages

Examples

Distance to school (Card, 1995)

Likely to be correlated with education?
Likely to be directly correlated with wage?

If labour markets differ around colleges maybe not great.....

Quarter of birth (Angrist & Krueger, 1991)
Likely to be correlated with education?

Depending on when you are born determines how old you are
in the class
Oldest kids in the class have traditionally been able to drop
out of school at 16, which means this is before the end of
their schooling, an option others do not have

Likely to be directly correlated with wage?
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How does IV work?

While we said earlier that education is composed of two parts, it is
better to think of it as being composed of three:

1 One part is correlated with the error term (troublesome part)

2 One part is correlated with the instrument (distance to
nearest college for example) that is independent of ε

3 One part (that we are not concerned with!) that is not
correlated to either!

We are just interested in number 2

OLS won’t give us number 2, it will give us all three, and thus E[
β̂1OLS ] 6= β1 as education is not independent of ε



Introduction Nuts and Bolts STATA Implementation Other Details Published Example Summary

Use something called 2 Stage Least Squares (2SLS)

Two steps

Step 1: Regress endogenous variable on the instrument and the
other variables:

Educ = γ0 + γ1Z + γ2exp + γ3exp2 + υ

This gives:

ˆEduc = γ̂0 + γ̂1Z + γ̂2exp + γ̂3exp2

Z , our instrument, partially determines education and thus should
give an unbiased estimate of education (should only measure part
2)

ˆEduc is uncorrelated with ε
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Step 2: Use the estimated education value, ˆEduc , in place of the
endogenous education variable

This gives:

log(Wage) = β0 + β1 ˆeduc + β2exper + β3exper2 + ν

β̂1 should now be an unbiased estimate of β1

As our education estimate ( ˆeduc) should be independent of
the error term, ν



Introduction Nuts and Bolts STATA Implementation Other Details Published Example Summary

STATA Implementation
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STATA Implementation

Step 1:

Regress endogenous variable on the instrument and the other
variables:

reg educ z exper expersq

Step 2:

Use the estimated education value, ˆEduc , in place of the
endogenous education variable

First need to predict ˆEduc

predict educhat

reg lwage educhat exper expersq
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STATA Implementation

STATA has made things a little easier now, and there is a
command which will do both steps for you

ivregress 2sls lwage exper expersq (educ = proximitytoschool)

Where the element in bracket tells STATA the endogenous
variable (educ) and the instrument (proximitytoschool)

Should give the same result as doing this manually

If you struggle with the ivregress command check the help file

In STATA type: help ivregress

Introduction Nuts and Bolts STATA Implementation Other Details Published Example Summary

More than one instrument?

Typically hard to find an instrument that makes sense

Sometimes we can find two however....

In this case can use one, or the other, or both

Best method would be to use both!

as long as they both fit the criteria

ivregress 2sls lwage exper expersq (educ = one two)

Model now said to be over-identified
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Testing Instruments
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Testing instruments?

In order for a variable, Z, to serve as a valid instrument for
endogenous X term the following must be true:

1 Z is uncorrelated with ε, so that E(Z | ε) = 0

2 Z is strongly (or at least weakly) correlated with X

Validity of Instruments

We have to use common sense and economic theory to decide if it
makes sense to assume E(Z | ε) = 0

Can’t directly test this condition because dont have unbiased
estimator for ε
OLS estimator of ε is presumed biased and the IV estimator of
ε depends on the validity of the instrument...

We can test the second assumption though
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Testing instruments?

To check the second assumption:

Just need to check that our instrument is significant in the first
step of the 2SLS regression

If it is significant then we know it is strongly related to the
endogenous regressor of interest

With two instruments need to test they are both jointly
significant....

In STATA: test instrument1 instrument2
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Testing for endogeneity

If our results from the 2SLS estimates are very different from the
OLS estimates it suggests that the OLS estimates are biased

A test for whether the differences between the OLS and 2SLS
estimates are statistically significant can carried out as follows:

Regress the endogenous variable on all exogenous variables

Compute the residuals v̂ from this regression

Estimate the model for the dependent variable by OLS,
including v̂ as an explanatory variable

Test whether the coefficient for v̂ is significantly different
from zero using a t-test
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Testing for Endogeneity

regress endogenousvariable instr1 instr2 X̄

predict vhat, res

regress y endogenousvariable vhat X̄

If the coefficient for v̂ is significantly different to zero then it is
possible to reject the null that the variable is exogenous
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Published Example
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Published Example

The example we have been discussing so far is from Card (1993),
“Using geographic variation in college proximity to estimate the
return to schooling”, NBER Working Paper No. 4483.

So we may as well continue with it....

Again the dataset is on Blackboard if you want to look at it
yourself

So the problem is estimating the returns to education, when the
education variable is likely to be endogenous
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Card uses proximity to a college as an instrument for education

1 Likely to be correlated with education levels, as living closer
reduces the cost of going

2 Hopefully having a college is not related to the wage in the
given area

While we have already mentioned this instrument there are other
useful instruments that have been used in the literature:

Mothers education

Fathers education

Number of siblings
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Card looks at a sample of 3010 working men aged between 24 and
34

Data comes from the 1976 wave of the US National Longitudinal
Survey of Young Men

Key Variables:

The dataset includes a measure of the log of hourly wages in
1976 (lwage)

A measures of years of education (educ)

Years of labour market experience (exper)

The square of years of labour market experience (expersq)
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Other Control Variables:

A dummy variable equal to one if the individual is married
(married)

A dummy variable equal to one if the individual is black
(black)

A dummy variable equal to one if the individual lives in the
south in 1976 (south76)

A dummy variable equal to one if the individual lives in a
standard metropolitan statistical area in 1976 (smsa)

A dummy variable equal to one if the individual lived in a
standard metropolitan statistical area in 1966 (smsa66)

And nine regional dummy variables indicating where the
individual lived in 1966 (reg661 - reg669)



Introduction Nuts and Bolts STATA Implementation Other Details Published Example Summary

Instrument:

A dummy variable equal to one if the individual lived close to a
college that offered 4 year courses in 1966 (nearc4)

Estimation:
The first thing to do is run a standard OLS regression and then we
can compare our other results to this

regress lwage educ exper expersq black south smsa smsa66 reg661
reg662 reg663 reg664 reg665 reg666 reg667 reg668

This should reproduce Table 2, column 2, of Card’s paper

Introduction Nuts and Bolts STATA Implementation Other Details Published Example Summary

OLS Regression

Cut it off before the region dummies but they are included!
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OLS Results

The results from this regression show that:

1 The education coefficient is positive and significant at the 5%
level

Suggesting that increased education increases your wage

2 The experience coefficient is positive and significant at the 5%
level

Suggesting that more experienced individuals earn higher wages

3 The experience squared coefficient is negative and significant
at the 5% level

Suggesting the returns to experience are decreasing
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IV Regression

Let’s do this by hand first so we can check it against STATA’s
command

reg educ exper expersq black south smsa smsa66 reg661 reg662
reg663 reg664 reg665 reg666 reg667 reg668 nearc4

predict educhat

reg lwage educhat exper expersq black south smsa smsa66 reg661
reg662 reg663 reg664 reg665 reg666 reg667 reg668
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IV Regression (Manual)
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IV Regression

ivregress 2sls lwage (educ=nearc4) exper expersq black south smsa
smsa66 reg661 reg662 reg663 reg664 reg665 reg666 reg667 reg668

Looks the same to me! - Standard errors are a bit tighter though
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IV Results

1 The education coefficient is positive and significant at the 5%
level

Suggesting that increased education increases your wage
This coefficient is larger than before suggesting we were
underestimating the impact of education in an OLS model

2 The experience coefficient is positive and significant at the 5%
level

Suggesting that more experienced individuals earn higher wages

3 The experience squared coefficient is negative and significant
at the 5% level

Suggesting the returns to experience are decreasing
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Further Testing...

1 From the first regression we can see that our instrument is
significant

2 Cannot test for overidentifying restrictions as we only have
one instrument in this case

3 Can test for endogeneity though.....

regress educ nearc4 exper expersq black south smsa smsa66
reg661 reg662 reg663 reg664 reg665 reg666 reg667 reg668

predict vhat, res

regress lwage educ vhat exper expersq black south smsa
smsa66 reg661 reg662 reg663 reg664 reg665 reg666 reg667
reg668
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Further Testing...

vhat is not statistically different to zero, we would conclude that
educ is not endogenous
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Learning Outcomes

1 Be able to review the limitations of simple liner regression
analysis and the situations where it is not the most
appropriate method to use;

Why might OLS not give us an unbiased estimate of some
relationships?

2 Have developed an awareness of which models are appropriate
to use when an OLS regression may not be robust, and be
able to apply these models correctly;

How can IV be used to fix this?
3 Command an experienced understanding of the empirical

approach to economics, and be able to undertake a robust
piece of econometric analysis;

Estimating these models (chance in the coursework and labs)
Do you know what the results mean? Can we test if the model
has been applied correctly?

4 Be able to explain the covered econometric concepts clearly in
concise non-technical language
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READING

Have a look at the introductory notes to IV as well as the
simulation notes. I have uploaded the Card paper we worked
through today as well as another very good piece by two famous
economists, Angrist and Krueger
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Your questions please....
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Glossary

Endogeneity - Occurs when an explanatory variable is correlated
with the error term. Normally due to an unobserved variable
impacting both the dependent and an independent variable or due
to the being a reverse causality link between the dependent and
independent variables

Instrument - A variable that determines the endogenous regressor
but does not have a link with the dependent variable
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