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Instrumental variable approach

▸ A more ‘classical’ approach to solve the issue of endogeneity (and of
selection bias) is to take an instrumental variable approach

▸ In brief, the idea of instrumental variables is to identify one or more
variables (instrumental variables) that do not belong to the
theoretical model that you want to test but are correlated with the
‘exogenous part’ of your endogenous variable

▸ The use of an instrumental variable allows to exploit only part of the
variation of the endogenous variable ⇒ the part that is not
correlated with the omitted variable

▸ Given that only part of the variation is used, IV estimates are always
less efficient than OLS estimates ⇒ less precise, higher standard
errors, lower t-stat, higher p-value

▸ If you believe that your variable of interest is not characterized by
endogeneity issues ⇒ non-IV estimates should be your baseline (and,
eventually, IV should be your robustness check)
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The mechanics of the IV

▸ IV regression allows to keep just the variance of the endogenous
variable that is not correlated with the error term

▸ In linear models, the instrumental variable estimator is estimated
with the two stages least squares (2SLS):

▸ Let the true model be y = α + β1x1 + β2x2 + ε where:
▸ x1 is an endogenous regression ⇒ corr(x1, ε) ≠ 0
▸ x2 is an exogenous regression ⇒ corr(x2, ε) = 0

▸ The objective of the IV approach is to find one or more variables z ,
that do not belong to the set of covariates in the true model, that
are correlated with the endogenous variable x1 but uncorrelated with
the error term ε

▸ This is equivalent to assuming that the only influence that we should
expect of z on y passes through the impact of z on x1 ⇒ exclusion
restriction
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The mechanics of IVs

▸ The 2SLS approach works as follows:

1. In the first stage you estimate an OLS model in which you have as
dependent variable the endogenous variable x1 and as independent
variables the set of exogenous variables from the full model (x2 in
our case) and the exogenous instrumental variables (only z in our
case) ⇒ x1 = γ + δx2 + ηz + ξ

2. You estimate the predicted value of the endogenous variable as
estimated in the first stage ⇒ x̂1 = γ̂ + δ̂x2 + η̂z

3. You estimate your true model in which you substitute the
independent variable x1 with its predicted value in the first stage x̂1

⇒ y = α + βx̂1 + γx2 + ε
▸ By using x̂1 instead of x1 in the second stage, you will just keep the

variance of x1 that is not correlated with the error term ε and is, in
turn, correlated with the IV z

▸ If your instrument is valid, β̂ is the unbiased estimate of the true
parameter β
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The mechanics of IVs

▸ All explanatory variables included in the first stage are called
instruments

▸ Some variables (e.g. x2) are also part of the true model ⇒ they
should appear both in the first and in the second stage

▸ The variable z (one or more) only appear in the first stage ⇒ also
defined ‘excluded IVs’

▸ In order for the model to be exactly identified, the number of
excluded IVs (the zs) should be equal to the number of endogenous
explanatory variables

▸ In case you have two endogenous explanatory variables, in order for
your model to be exactly identified you need to find two ‘excluded
IVs’

▸ If you have two endogenous explanatory variables but just one
excluded IV, the model is not identified (and cannot be estimated)

▸ If you have more IVs than endogenous explanatory variables, your
model is overidentified

▸ Overidentification is particularly useful as it allows to test the validity
of the instruments that you are using
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The mechanics of IVs

▸ An alternative way of estimating the instrumental variable model is
by means of the Control Function approach

▸ The procedure is as follows:

1. As before, in the first stage you estimate an OLS model in which you
have as dependent variable the endogenous variable x1 and as
independent variables the set of exogenous variables from the full
model (x2 in our case) and the exogenous instrumental variables
(only z in our case) ⇒ x1 = γ + δx2 + ηz + ξ

2. You estimate the predicted value of the residual the first stage ⇒
ξ̂ = x1 − γ̂ + δ̂x2 + η̂z

3. You estimate your true model in which you include all the structural
variables (x1 and x2) but also ξ̂ ⇒ y = α + βx1 + γx2 + ψξ̂ + ε

▸ By adding ξ̂ as a control variable, you are explicitly accounting for
the unobserved (and endogenous) part of x1, removing it from the
error term
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The validity of IVs: strength

▸ First stage: x1 = γ + δx2 + ηz + ξ

▸ Second stage: y = α + βx̂1 + γx2 + ε

▸ An instrument is valid if it is:
▸ Strong
▸ Exogenous

▸ Strong (non-weak) instruments
▸ The excluded instrument(s) (z), conditional on other non-excluded

instruments (x2), is strongly correlated with the endogenous
explanatory variable(s) in the first stage ⇒ η̂ is significantly different
from zero

▸ The idea is that the instrument should have a significant and clear
impact on the endogenous variable

▸ The rule of the thumb is that the F-stat that tests the joint
significance of all excluded IVs in the first stage(s) should be at least
> 10
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The validity of IVs: exogeneity
▸ First stage: x1 = γ + δx2 + ηz + ξ
▸ Second stage: y = α + βx̂1 + γx2 + ε

▸ The instrument is valid if it is not correlated with the error term of
the true model

▸ If the instrument was correlated with the error term of the true
model (and if it was strong, i.e. correlated with the endogenous
variable x1), then it would imply that x̂1 is also correlated with the
residual of the true model

▸ Exogeneity can be thought in two (equivalent) ways:
▸ Conditional on the ‘internal’ instruments (i.e. the exogenous

variables that belong to the true model, x2 in our case), the external
instrument is not correlated with the residuals

▸ The only impact of the excluded instrument on the dependent
variable y passes through the impact of the instrument z on the
endogenous variable x1 ⇒ corr(y , z ∣xk) = 0

▸ Differently from the strength, the exogeneity of the IVs cannot be
explicitly tested

▸ If you have more IVs than endogenous variables (overidentification),
you can compare IVs in terms of exogeneity
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Tips for doing IV

▸ Clearly identify the source of endogeneity

▸ What is the variable that you are omitting (including measurement
error)?

▸ Reason about the direction of the bias that you expect based on:
▸ The expected correlation between the omitted variable and the

endogenous variable
▸ The expected (conditional) correlation of the omitted variable and

the dependent variable

▸ Identify the possible sources of variation that are not correlated with
the omitted variable (i.e. that have no direct impact on the
dependent variable but are correlated with the endogenous variable)

▸ Search for actual measures (even imperfect ones) of these sources of
variation

▸ Estimate your 2SLS and cross your fingers...

▸ VERY IMPORTANT ⇒ using IVs should not prevent you for adding
control variables to account for (other) omitted variables!
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IV in practice

▸ In order to do IV in an effective way, it is very important to read
papers that used IVs in a clever way

▸ Often you will find nice ideas about IVs by reading papers unrelated
to your main research question!

▸ Economists in the fields of labour economics and political economy
are obsessed (too much sometimes...) by causality and,
consequently, extremely clever in finding original IVs

▸ Typical case in labour economics ⇒ estimate the returns from
education, where innate ability cannot be measured

Giovanni Marin Applied Econometrics



IV: the estimator IV: examples

Example 1: Angrist and Krueger (1991)

Angrist JD, Krueger AB (1991) Does compulsory school attendance
affect schooling and earnings? Quarterly Journal of Economics
106(4):979-1014

▸ Objective of the paper: estimating the wage returns to schooling

▸ Source of endogeneity: pupils self select into continuing their
education

▸ Studying is easier for people with higher innate ability ⇒ those who
will continue to study will self-select into education ⇒ unobserved
innate ability is correlated with educational attainment

▸ For a given level of education, workers with higher ability will earn
more ⇒ the omitted variable is also correlated with the outcome
variable

▸ Angrist and Krueger had to identify a source of variation of
educational attainment that was not correlated with ability
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Example 1: Angrist and Krueger (1991)

▸ In most US states (like in Italy), compulsory school starts in the
calendar year in which the pupil turns six ⇒ some pupils start school
(in September) when they are 6 years and 9 months old, other when
they are 5 years and 9 months old

▸ Angrist and Krueger assume that the birth date is randomly assigned

▸ Students can legally drop out school the day when they turn 16
▸ When turning 16, students born in the first quarter will have a lower

grade than students born in the fourth quarter
▸ The quarter of birth is correlated with the educational attainment

(just for students that drop out at 16...) but uncorrelated with
ability (and consequently on age)
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Figure: First stage
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Figure: Reduced form (outcome vs IV)
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Figure: Returns to schooling: results
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Example 2: Acemoglu, Johnson and Robinson, 2001

Acemoglu D, Johnson S, Robinson JA (2001) The colonial origins of
comparative development: an empirical investigation. American
Economic Review 91(5):1369-1401

▸ Objective of the paper: evaluate the extent to which the presence of
strong institutions influence current economic performance

▸ Source of endogeneity: economic development in itself favours the
emergence of institutions (reverse causality) and presence of omitted
variables (e.g. culture)

▸ Need to search for a variable that is correlated with current
institutions (measured with Average protection against expropriation
risk 1985-1995) and not to current economic performance (GDP per
capita in PPP in 1995) beyond its impact on institutions

▸ IV: settler mortality of European colonizers
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What is the expected link between settler mortality and
current institutions?
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What is the expected link between settler mortality and
current institutions?

▸ Colonizers had to decide whether to settle in the colony or to just
extract local resources

▸ The decision depended on the feasibility of settling ⇒ strongly
correlated with the presence of local diseases

▸ If the colonizer settled in a colony, they would have tried to establish
institutions to replicate the conditions of the home country

▸ Institutions are persistent

⇒ Data on mortality rates of soldiers, bishops and sailors stationed in
colonies between 17th and 19th century
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Figure: First stage
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