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• Treatment effects



The Research Question

• Fictional State University (FSU) has developed a 

new study-skills program with the goal of 

improving the grade point averages of their 

students.



The Data
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The Data

Students who participated in the program had lower GPAs?!?!?



The Data



The Data

Students who participated in the program had 

higher GPAs when we account for high school GPA.



The Data
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The Data

What was the effect of the study 

program on students GPAs?



Observational Data

• Observational data often have one or more of 

these issues:

– Unobserved confounding and endogeneity.

– Nonrandom treatment assignment (or exposure)

– Data that are “missing not at random” (MNAR) which 

can lead to selection bias



The Data



Endogeneity and Endogenous Covariates

• The Problem

– Unobserved Factors

– Endogeneity

– Omitted Variable Bias 

– Unobserved Confounding

• The Solution

– Endogenous Covariates



Observed and Unobserved Factors

𝑦 = 𝛽0 + 𝛽1𝑥1 + ⋯+ 𝛽𝑘𝑥𝑘 + 𝜀

𝑦 = 𝑎𝑙𝑙 𝑓𝑎𝑐𝑡𝑜𝑟𝑠 𝑡ℎ𝑎𝑡 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑒 𝑦

𝑦 = 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑓𝑎𝑐𝑡𝑜𝑟𝑠 + 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑓𝑎𝑐𝑡𝑜𝑟𝑠



Endogeneity

“An explanatory variable in a multiple regression model that is 

correlated with the error term…” (Wooldridge*, pg 838).

*Jeffrey M. Wooldridge (2009) Introductory Econometrics: A Modern Approach, 4th ed.

𝑦 = 𝛽0 + 𝛽1𝑥 + 𝛽2𝑧 + 𝜀

𝜌𝑧𝜀 ≠ 0



Omitted Variable Bias

𝑦 = 𝛽0 + 𝛽1𝑥 + 𝛽2𝑧 + 𝜀

𝜌𝑥𝑧 ≠ 0

𝑦 = 𝛽0 + 𝛽1𝑥 + 𝜀 ∗ 𝜀 ∗ = z + 𝜀

𝑦 = 𝛽0 + 𝛽1𝑥 + 𝜀 ∗

𝜌𝑥𝜀∗ ≠ 0



Confounding

“…X and Y are confounded when there is a third variable Z 

that influences both X and Y…” (Pearl*, pg 193).

*Judea Pearl (2009) Causality: Models, Reasoning, and Inference, 2nd ed.

𝑦 = 𝛽0 + 𝛽1𝑥 + 𝛽2𝑧 + 𝜀



Unobserved Confounding

𝑦 = 𝛽0 + 𝛽1𝑥 + (𝑧 + 𝜀)



Observed and Unobserved Factors

𝑔𝑝𝑎 = 𝛽0 + 𝛽1𝑥1 + ⋯+ 𝛽𝑘𝑥𝑘 + 𝜀

𝑔𝑝𝑎 = 𝑎𝑙𝑙 𝑓𝑎𝑐𝑡𝑜𝑟𝑠 𝑡ℎ𝑎𝑡 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑒 𝑔𝑝𝑎

𝑔𝑝𝑎 = 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑓𝑎𝑐𝑡𝑜𝑟𝑠 + 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑓𝑎𝑐𝑡𝑜𝑟𝑠

High school GPA

SAT Scores

Parents Income

Sex

etc…

Ability

Motivation

Sleep

Support

etc…

𝑔𝑝𝑎 = +



Unobserved Confounding

𝑔𝑝𝑎 = 𝛽0 + 𝛽1𝑖𝑛𝑐𝑜𝑚𝑒 + 𝛽2ℎ𝑠𝑔𝑝𝑎 + 𝜀𝑡𝑜𝑡𝑎𝑙

𝑔𝑝𝑎 = 𝛽0 + 𝛽1𝑖𝑛𝑐𝑜𝑚𝑒 + 𝛽2ℎ𝑠𝑔𝑝𝑎 + (𝐴𝑏𝑖𝑙𝑖𝑡𝑦 + 𝜀)



Endogenous Covariates

𝑔𝑝𝑎 = 𝛽0 + 𝛽1𝑖𝑛𝑐𝑜𝑚𝑒 + 𝛽2(ℎ𝑠𝑔𝑝𝑎) + (𝐴𝑏𝑖𝑙𝑖𝑡𝑦 + 𝜀1)

𝑔𝑝𝑎 = 𝛽0 + 𝛽1𝑖𝑛𝑐𝑜𝑚𝑒 + 𝛽2(𝜋0 + 𝜋1ℎ𝑠_𝑐𝑜𝑚𝑝) + (𝐴𝑏𝑖𝑙𝑖𝑡𝑦 + 𝜀1)*

ℎ𝑠𝑔𝑝𝑎 = 𝜋0 + 𝜋1ℎ𝑠_𝑐𝑜𝑚𝑝 + (𝐴𝑏𝑖𝑙𝑖𝑡𝑦 + 𝜀2)*

𝑤ℎ𝑒𝑟𝑒 𝜌𝜀1∗𝜀2∗ ≠ 0

hsgpa = (factors NOT related to Ability) + (Ability + error)



Endogenous Covariates

hsgpa

gpa

Ability

ε

𝑔𝑝𝑎 = 𝛽0 + 𝛽1𝑖𝑛𝑐𝑜𝑚𝑒 + 𝛽2ℎ𝑠𝑔𝑝𝑎 + (𝐴𝑏𝑖𝑙𝑖𝑡𝑦 + 𝜀)

income



Endogenous Covariates

hsgpa

gpa

Ability

income

hs_comp ε2

ε1

“Endogenous variables have arrows pointing to them and are variables 

within the system that are the effects of exogenous variables or causes 

of other endogenous variables within the system.” (Mulaik, pg 120).

Stanley A. Mulaik (2009) Linear Causal Modeling With Structural Equations



Endogenous Covariates

hsgpa

gpaincome

hs_comp ε2

ε1

𝜌𝜀1𝜀2 ≠ 0



Endogenous Covariates



Endogenous Covariates



Endogenous Covariates

eregress gpa income,                            ///

endogenous(hsgpa = hs_comp income) 

Primary model

Auxillary model



Endogenous Covariates



Endogenous Covariates

𝑤ℎ𝑒𝑟𝑒 𝜌𝜀1∗𝜀2∗ ≠ 0



Endogenous Covariates



Outline

• Description of the dataset

• Endogenous Covariates

• Nonrandom treatment assignment

• Missing not at random (MNAR) and selection bias

• Treatment effects



Random Treatment Assignment



Nonrandom Treatment Assignment



Nonrandom Treatment Assignment

𝑃(𝑝𝑟𝑜𝑔𝑟𝑎𝑚 = 1) = 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑓𝑎𝑐𝑡𝑜𝑟𝑠 + 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑓𝑎𝑐𝑡𝑜𝑟𝑠

A student’s decision to enroll in the study program

is based on observed and unobserved factors.



Unobserved Confounding

𝑔𝑝𝑎 = 𝛽0 + 𝛽1𝑖𝑛𝑐𝑜𝑚𝑒 + 𝛽2𝑝𝑟𝑜𝑔𝑟𝑎𝑚 + 𝜀𝑡𝑜𝑡𝑎𝑙

𝑔𝑝𝑎 = 𝛽0 + 𝛽1𝑖𝑛𝑐𝑜𝑚𝑒 + 𝛽2𝑝𝑟𝑜𝑔𝑟𝑎𝑚 + (𝐴𝑏𝑖𝑙𝑖𝑡𝑦 + 𝜀)



Endogenous Treatment

𝑔𝑝𝑎 = 𝛽0 + 𝛽1𝑖𝑛𝑐𝑜𝑚𝑒 + 𝛽2(𝑝𝑟𝑜𝑔𝑟𝑎𝑚) + (𝐴𝑏𝑖𝑙𝑖𝑡𝑦 + 𝜀1)

𝑔𝑝𝑎 = 𝛽0 + 𝛽1𝑖𝑛𝑐𝑜𝑚𝑒 + 𝛽2(𝜋0 + 𝜋1𝑠𝑐ℎ𝑜𝑙𝑎𝑟𝑠ℎ𝑖𝑝) + (𝐴𝑏𝑖𝑙𝑖𝑡𝑦 + 𝜀1)*

𝑃(𝑝𝑟𝑜𝑔𝑟𝑎𝑚 = 1) = 𝜋0 + 𝜋1𝑠𝑐ℎ𝑜𝑙𝑎𝑟𝑠ℎ𝑖𝑝 + (𝐴𝑏𝑖𝑙𝑖𝑡𝑦 + 𝜀3)*

P(program=1) = (factors NOT related to Ability) + (Ability + error)

𝑤ℎ𝑒𝑟𝑒 𝜌𝜀1∗𝜀3∗ ≠ 0



Endogenous Treatment

hsgpa

gpaincome

hs_comp ε2

ε1

𝜌𝜀1𝜀2 ≠ 0

P(program=1)scholarship ε3

𝜌𝜀1𝜀3 ≠ 0



Endogenous Treatment

eregress gpa income,                                           ///

endogenous(hsgpa = hs_comp income)                ///

entreat(program = income scholarship, nointeract)

Primary model

Auxillary model



Endogenous Treatment



Endogenous Treatment

𝑤ℎ𝑒𝑟𝑒 𝜌𝜀1∗𝜀3∗ ≠ 0



Endogenous Treatment



Outline

• Description of the dataset

• Endogenous Covariates
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• Treatment effects



No Missingness



Missing Completely at Random (MCAR)



Missing at Random (MAR)



Missing Not at Random (MNAR)



MNAR and Selection Bias



Endogenous Selection

𝑃(𝑔𝑟𝑎𝑑𝑢𝑎𝑡𝑒 = 1) = 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑓𝑎𝑐𝑡𝑜𝑟𝑠 + 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑓𝑎𝑐𝑡𝑜𝑟𝑠

A student’s decision to drop out of school is 

based on observed and unobserved factors.



Endogenous Treatment

𝑃(𝑔𝑟𝑎𝑑𝑢𝑎𝑡𝑒 = 1) = 𝜋0 + 𝜋1𝑟𝑜𝑜𝑚𝑚𝑎𝑡𝑒 + (𝐴𝑏𝑖𝑙𝑖𝑡𝑦 + 𝜀4)*

𝑤ℎ𝑒𝑟𝑒 𝜌𝜀1∗𝜀4∗ ≠ 0

𝑔𝑝𝑎 =  
𝛽0 + 𝛽1𝑖𝑛𝑐𝑜𝑚𝑒 + 𝛽2(𝑝𝑟𝑜𝑔𝑟𝑎𝑚) + (𝐴𝑏𝑖𝑙𝑖𝑡𝑦 + 𝜀1)∗ if graduate=1

missing if graduate=0



Endogenous Covariates

hsgpa

gpaincome

hs_comp ε2

ε1

𝜌𝜀1𝜀2 ≠ 0

P(program=1)scholarship ε3

𝜌𝜀1𝜀3 ≠ 0

P(graduate=1)roommate ε4

𝜌𝜀1𝜀4 ≠ 0



Endogenous Treatment

eregress gpa income,                                           ///

endogenous(hsgpa = hs_comp income)                ///

entreat(program = income scholarship, nointeract) ///

select(graduate = income roommate)

Primary model

Auxillary model



Endogenous 

Treatment



Endogenous Treatment



Endogenous Covariates

gpa = -0.6 + 0.3*treatment + 0.9*hsgpa + 0.8*income

True Model (simulated)



ERM Postestimation

• estat teffects

• margins

• marginsplot

• predict



Treatment Effects



Treatment Effects



ERM Postestimation



ERM Postestimation

. marginsplot, horizontal aspectratio(0.2)



Why don’t we just use gsem?

hsgpa

gpaincome

hs_comp ε2

ε1

𝜌𝜀1𝜀2 ≠ 0

P(program=1)scholarship ε3

𝜌𝜀1𝜀3 ≠ 0

P(graduate=1)roommate ε4

𝜌𝜀1𝜀4 ≠ 0



More ERMs

• eregress – continuous outcomes

• eintreg – interval outcomes

• eprobit – binary outcomes

• eoprobit – ordinal outcomes



More ERMs

• ERMs can include:

– polynomials of endogenous covariates

– interactions of endogenous covariates

– interactions of endogenous with exogenous 

covariates



Cautionary Note

• Nothing about ERMs magically extracts 

causal relationships. 

• As with any regression analysis of 

observational data, the causal 

interpretation must be based on a 

reasonable underlying scientific rationale.
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