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INSTRUMENTAL VARIABLES ASSUMPTIONS
CUASI AND NON EXPERIMENTAL METHODS

▪To capture this, we can run OLS in two stages:

first stage: 𝑋𝑖 = 𝜋0 + 𝜋1𝑍𝑖 + 𝑣𝑖

second stage: 𝑌𝑖 = 𝛽0 + 𝛽1𝑿𝒊 + 𝑢𝑖

▪There is a method for estimating both stages using the same 
variance-covariance matrix: two-stages least square (2SLS).
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INSTRUMENTAL VARIABLES ESTIMATING
CUASI AND NON EXPERIMENTAL METHODS

▪ If we have many instruments (𝑍1, 𝑍2, … ), we use all in the first stage:
𝑋𝑖 = 𝜋0 + 𝜋1𝑍1 + 𝜋2𝑍2 + 𝜋3𝑍3 + 𝑣𝑖

▪We should add covariates (𝑊𝑖 ) in the first stage and then control for 
that effect in the second stage:

𝑋𝑖 = 𝜋0 + 𝜋1𝑍1 + 𝜋2𝑍2 + 𝜋3𝑍3 + 𝜋4𝑊𝑖 + 𝑣𝑖

𝑌𝑖 = 𝛽0 + 𝛽1𝑿𝒊 + 𝛽2𝑊𝑖 + 𝑢𝑖
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INSTRUMENTAL VARIABLES ESTIMATING
CUASI AND NON EXPERIMENTAL METHODS
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INSTRUMENTAL VARIABLES ESTIMATING
CUASI AND NON EXPERIMENTAL METHODS

▪Real 2SLS-IV method (instead of OLS two times) estimates just one
variance-covariance matrix so S.E. are lower
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INSTRUMENTAL VARIABLES
CUASI AND NON EXPERIMENTAL METHODS

▪ It’s important to understand the IV method:
▪Avoid weak instruments

▪ Interpret the effect estimate (𝜷𝟏
𝟐𝑺𝑳𝑺) 

▪Have in mind that standard errors will be higher
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INSTRUMENTAL VARIABLES: WEAK INSTRUMENT
CUASI AND NON EXPERIMENTAL METHODS

▪What happens if the relevance is not strong enough??

𝜷𝟏
𝟐𝑺𝑳𝑺 =

𝑪𝒐𝒗 𝒀𝒊, 𝒁𝒊
𝑪𝒐𝒗 𝑿𝒊, 𝒁𝒊

=
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INSTRUMENTAL VARIABLES: HETEROGENEITY
CUASI AND NON EXPERIMENTAL METHODS
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▪Validity of the effect coefficient
▪The estimation can be interpreted as local effect conditioned on

the instrumental variable
▪ This means that external validity might be low

▪ IV uses a subgroup for the estimation so errors might be larger



INSTRUMENTAL VARIABLES: HETEROGENEITY
CUASI AND NON EXPERIMENTAL METHODS

▪When we have non-compliance, random-assignment can be a good 
instrument because it’s exogenous and relevant
▪ The IV effect can be interpreted as CACE (remember CACE= ITT / ITTd)

𝑇𝑟𝑒𝑎𝑡𝑒𝑑𝑖 = 𝜋0 + 𝜋1𝐴𝑠𝑠𝑖𝑔𝑛𝑒𝑑𝑖 + 𝑣𝑖

𝑅𝑒𝑠𝑢𝑙𝑡𝑖 = 𝛽0 + 𝛽1 𝑇𝑟𝑒𝑎𝑡𝑒𝑑𝑖 + 𝑢𝑖
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INSTRUMENTAL VARIABLES: BIAS AND ERRORS
CUASI AND NON EXPERIMENTAL METHODS
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Notar que OLS es más eficiente pero está sesgado hacia arriba
IV no está sesgado pero es menos eficiente que OLS

Densidad por estimador real = 5

▪Under endogeneity:
▪OLS is biased and inconsistent
▪ IV is unbiased

▪ less efficient than OLS



INSTRUMENTAL VARIABLES: BIAS AND ERRORS
CUASI AND NON EXPERIMENTAL METHODS

▪Let’s see a comparison on the effect of Job trainings:
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INSTRUMENTAL VARIABLES
CUASI AND NON EXPERIMENTAL METHODS

▪Summary:

▪Discuss whether is a strong or weak instrument

▪Bias might be larger than before

▪Discuss heterogeneity assumptions

▪The estimate has a local effect interpretation

▪ Discuss error estimation 

▪ Discuss standard error estimation (higher for IV)
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INSTRUMENTAL VARIABLES APPLICATION
CUASI AND NON EXPERIMENTAL METHODS
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▪Can prisons and encarceration be a good option?



INSTRUMENTAL VARIABLES APPLICATION
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▪ Can prisons and incarceration be a good option?

𝑃𝑟𝑜𝑏𝐶𝑟𝑖𝑚𝑒𝑖 = 𝛽0 + 𝛽1𝐼𝑛𝑐𝑎𝑟𝑐𝑒𝑟𝑎𝑡𝑒𝑑𝑖 + 𝜀𝑖



INSTRUMENTAL VARIABLES APPLICATION
CUASI AND NON EXPERIMENTAL METHODS
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▪Bhuller and others (2020) use that
▪ judges stringency (how frequent a judge sends to prison) is

distribuyed near as random
▪ judges are randomly assigned to cases in Norway

▪Could it be a good instrument?

▪ Bhuller, M., Dahl, G. B., Løken, K. V., & Mogstad, M. (2020). Incarceration, recidivism, and employment. Journal of Political Economy, 128(4), 1269-1324.



INSTRUMENTAL VARIABLES APPLICATION
CUASI AND NON EXPERIMENTAL METHODS
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For example, a judge at the 90th percentile incarcerates
about 54% of cases as compared to approximately 37% for a 
judge at the 10th percentile (p. 17)

𝐼𝑛𝑐𝑎𝑟𝑐𝑒𝑟𝑎𝑡𝑒𝑑𝑖 = 𝜋0 + 𝜋1𝐽𝑢𝑑𝑔𝑒𝑠𝑆𝑡𝑟𝑖𝑛𝑔𝑒𝑛𝑐𝑦𝑖 + 𝑣𝑖

▪ Bhuller, M., Dahl, G. B., Løken, K. V., & Mogstad, M. (2020). Incarceration, recidivism, and employment. Journal of Political Economy, 128(4), 1269-1324.



INSTRUMENTAL VARIABLES APPLICATION
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𝐼𝑛𝑐𝑎𝑟𝑐𝑒𝑟𝑎𝑡𝑒𝑑𝑖 = 𝜋0 + 𝜋1𝐽𝑢𝑑𝑔𝑒𝑠𝑆𝑡𝑟𝑖𝑛𝑔𝑒𝑛𝑐𝑦𝑖 + 𝑣𝑖

▪ Bhuller, M., Dahl, G. B., Løken, K. V., & Mogstad, M. (2020). Incarceration, recidivism, and employment. Journal of Political Economy, 128(4), 1269-1324.
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▪ Bhuller, M., Dahl, G. B., Løken, K. V., & Mogstad, M. (2020). Incarceration, recidivism, and employment. Journal of Political Economy, 128(4), 1269-1324.
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▪ Bhuller, M., Dahl, G. B., Løken, K. V., & Mogstad, M. (2020). Incarceration, recidivism, and employment. Journal of Political Economy, 128(4), 1269-1324.



INSTRUMENTAL VARIABLES APPLICATION
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▪Summary: according to Bhuller et al. (2020):
▪The instrument of judges stringency is relevant and exogeneous
▪ OLS was biasing results
▪ IV shows that incarcerating people reduces probability of

repeating crimes and number of crimes
▪At least in people with strict judges that get sent to prison


