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Estimating the returns to human capital investment 

Education , health 

Plenty of evidence of correlation of human capital and earnings. 

And other benefits of both health and education which could be 
represented (with a stretch) as forms of consumption (political 
attitudes, etc) 
There is also evidence of interactions between different form of 
human capital 

Educated people (and their children) are healthier 
Healthier children miss fewer days of school, and earn more as adults 
(deworming). 

What could be the problem with the problem with interpreting these 
correlations as the causal effect of human capital –which is what 
parents should care about when investing? 

What do authors mention specifically in the Ghana and Indonesia 
paper? 
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Private vs Social returns 

Private returns: for any individual, how much more money to they 
make with or without education 

Social returns: What is the value for society of an individual being 
more educated. 
Private and social returns are likely to differ for all sorts of reasons 

Equilibrium effects (competition on the labor markets, for other 
educated or for uneducated workers). 
An extreme version of this is rent seeking (see Ghana paper): 
education is a ticket to rationed jobs, but if there are no more rationed 
jobs, there is little you gain 
Positive impacts on other workers 
Impacts in other spheres (health, politics, etc.) 
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Go Back

Figure 1: Type of work, by education level: Baseline Expectations vs. Realizations

Notes: Data from 2008 in-person baseline survey of participants (Panel A) and 2017 phone survey (Panel B). SHS stands
for Senior High School. In Panel A, respondents (aged 17 on average at the time) were asked in 2008: “If you never go to
SHS or continue any other higher education in the future, what types of work do you think you would do when you are 25
years old?” and “Imagine that you complete Senior High School in the future, what types of work do you think you would
do when you are 25 years old?” In Panel B, data from the 2017 phone survey on the realized career outcomes of students
who did and did not complete SHS is shown. We plot answers separately by respondent gender, pooling treatment and
control groups.
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Parent’s perception of returns and their sources 
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Ghana: An example of random assignment 

What is randomly assigned in Ghana? 

In what sample? 

What can we confidently estimate? 
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Table 2: Education Outcomes

(1) (2) (3) (4) (5) (6) (7) (8)
Total

years of
education
to date
(2019)

Total
years of
SHS

to date
(2019)

Completed
SHS
(2019)

Completed
TVI
(2019)

Completed
tertiary
(2019)

Ever
enrolled

in tertiary
program
(2019)

Currently
enrolled

in tertiary
program
(2019)

Ever
enrolled

in tertiary
program
(2020)

Panel A: All
Treatment 1.241 1.251 0.272 -0.020 0.035 0.044 0.010 0.047

(0.104) (0.079) (0.022) (0.006) (0.015) (0.018) (0.011) (0.020)
P-value 0.000 0.000 0.000 0.001 0.019 0.016 0.346 0.019
Comparison mean 11.387 1.842 0.436 0.029 0.087 0.154 0.049 0.179
N 1924 1925 1952 1952 1952 1951 1951 1740

Panel B: Female
Treatment 1.313 1.208 0.258 -0.005 0.040 0.077 0.029 0.088

(0.155) (0.119) (0.032) (0.008) (0.020) (0.025) (0.015) (0.028)
P-value 0.000 0.000 0.000 0.573 0.048 0.002 0.059 0.002
Comparison mean 11.030 1.627 0.389 0.017 0.078 0.126 0.035 0.146
N 968 968 986 986 986 986 986 856

Panel C: Male
Treatment 1.141 1.273 0.281 -0.035 0.030 0.010 -0.009 0.007

(0.138) (0.104) (0.031) (0.009) (0.022) (0.026) (0.016) (0.029)
P-value 0.000 0.000 0.000 0.000 0.162 0.709 0.588 0.804
Comparison mean 11.758 2.065 0.485 0.041 0.096 0.184 0.065 0.210
N 956 957 966 966 966 965 965 884

P-val male=fem 0.467 0.580 0.529 0.009 0.734 0.069 0.098 0.045

Notes: Year of survey in parentheses. Panel A shows results for the full sample, Panel B for females, Panel C for males. The last row
shows the p-values for tests that the effects are identical between males and females. The estimated treatment effects are in each
panel’s first row; standard errors are in each panel’s second row in parentheses; p-values from the test that a respective treatment
effect is non-zero are reported in the third row; control group means are in each panel’s fourth row; sample size for the estimation
is in each panel’s fifth row. Controls include baseline score on Ghana’s exam for admission to secondary and vocational schools, an
indicator for whether the student took the exam, and region dummies.
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Table 3: Skills and Technology Adoption

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Total
years of

education
(2013)

Total
cognitive

score
(2013)

Political
knowledge

score
(2013)

Media
engagement

(radio, newspaper,
TV, internet)

(2013)

Knows
how

to use
internet
(2013)

Has a
bank

account
(2013)

ICT/Social
media

adoption
index
(2016)

Uses
fertilizer

(if in
farming)
(2017)

Used
internet

in the past
month
(2019)

Panel A: All
Treatment 1.191 0.157 0.095 0.060 0.086 0.058 0.062 -0.024 0.059

(0.077) (0.046) (0.046) (0.025) (0.047) (0.023) (0.037) (0.037) (0.024)
P-value 0.000 0.001 0.040 0.018 0.069 0.011 0.095 0.527 0.013
Comparison mean 10.787 -0.000 0.000 -0.020 0.000 0.314 -0.133 0.471 0.493
N 2064 1983 1981 1981 1983 1984 1995 769 1950

Panel B: Female
Treatment 1.186 0.194 0.075 0.074 0.050 0.098 0.090 0.020 0.076

(0.114) (0.069) (0.058) (0.032) (0.058) (0.031) (0.054) (0.057) (0.033)
P-value 0.000 0.005 0.192 0.023 0.386 0.001 0.095 0.720 0.023
Comparison mean 10.575 -0.175 -0.381 -0.165 -0.333 0.236 -0.416 0.410 0.402
N 1036 1002 1001 1001 1001 1002 1007 337 985

Panel C: Male
Treatment 1.183 0.113 0.094 0.035 0.101 0.016 0.016 -0.059 0.033

(0.101) (0.059) (0.061) (0.037) (0.067) (0.033) (0.045) (0.050) (0.033)
P-value 0.000 0.054 0.126 0.347 0.133 0.630 0.724 0.238 0.310
Comparison mean 11.006 0.183 0.397 0.131 0.346 0.396 0.162 0.522 0.590
N 1028 981 980 980 982 982 988 432 965

P-val male=fem 0.963 0.371 0.807 0.396 0.577 0.066 0.302 0.290 0.430

Notes: See Table 2 notes. Total cognitive score refers to standardized score on combined reading and math test, administered
at the 2013 survey. Political knowledge score is a standardized index of national and international political knowledge scores.
The national political knowledge score is comprised of the following: could name President of Ghana, Vice President of Ghana,
knew political party in power before 2012 election in Ghana, could name presidential running mate for the NPP, knew how
many years someone could be legally elected President in Ghana, knew number of candidates that participated in presidential
elections, knew number of new constituencies created in 2012 general elections. The international political knowledge index is
comprised of the following: knows name of current U.S. President, knows name of UN Secretary General, knows countries that
border Ghana, knows country with largest population in Africa, knows name of Venezuelan President who died in 2013, knows
which country Muamar Qaddafi led, knows name of leader from Cote D’Ivoire that ICC tried. The media engagement index is
comprised of: has a preferred newspaper, number of days in the last 7 that did each of the following: read newspaper, listened
to radio, watched TV, used internet. ICT adoption index (2016) is comprised of the following variables: has Facebook account,
knows how to use internet, and has internet on phone.

41

Duflo (MIT) 14.771: Private and Social Returns to Education 7 / 49 



Table 6: Labor Market Outcomes

(1) (2) (3) (4) (5) (6) (7) (8)

Worked for
pay in past
6 months
(2019)

Has wage
contract with
employer
(2019)

Job
with

benefits
(2019)

Public
sector

employee
(2019)

Lives
in urban
area
(2019)

Self-
employed
(2019)

Total
earnings in

past 6
months
(2019)

Could not
cope with
200 GHX
emergency
(2019)

Panel A: All
Treatment 0.011 0.039 0.030 0.019 -0.015 -0.029 37.123 -0.027

(0.021) (0.015) (0.015) (0.013) (0.015) (0.020) (93.450) (0.017)
P-value 0.589 0.008 0.052 0.157 0.330 0.153 0.691 0.117
Comparison mean 0.730 0.084 0.099 0.077 0.123 0.245 1456.217 0.161
N 1952 1951 1951 1952 1921 1952 1915 1951

Panel B: Female
Treatment 0.033 0.041 0.020 0.041 -0.029 -0.012 35.794 -0.044

(0.033) (0.019) (0.019) (0.019) (0.021) (0.031) (108.464) (0.024)
P-value 0.314 0.032 0.283 0.031 0.152 0.683 0.741 0.070
Comparison mean 0.602 0.063 0.075 0.063 0.119 0.287 951.456 0.176
N 986 986 986 986 973 986 972 986

Panel C: Male
Treatment -0.020 0.035 0.037 -0.003 -0.001 -0.042 -12.740 -0.009

(0.024) (0.023) (0.024) (0.019) (0.023) (0.026) (145.790) (0.024)
P-value 0.405 0.119 0.126 0.874 0.959 0.106 0.930 0.718
Comparison mean 0.864 0.106 0.125 0.092 0.128 0.201 1993.862 0.146
N 966 965 965 966 948 966 943 965

P-val male=fem 0.207 0.856 0.572 0.092 0.421 0.536 0.838 0.319

Notes: See Table 2 notes. Total earnings in last 6 months winsorized at the 99% level. Labor market outcomes for 2017 shown in
Table A8, those for 2020 shown in Table 7.
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Table 7: Labor Market Outcomes during COVID Crisis

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Worked
for pay
in past

6 months
(2020)

Has wage
contract
with

employer
(2020)

Job
with

benefits
(2020)

Public
sector

employee
(2020)

Lives
in urban
area
(2020)

Self-
employed
(2020)

Total
earnings
in past

6 months
(2020)

Total
earnings
April
(2020)

Coeff. of
variation
of monthly

earnings (if > 0)
(GHX) (2020)

Panel A: All
Treatment 0.045 0.047 0.005 0.015 -0.019 -0.066 62.606 30.743 -0.776

(0.020) (0.016) (0.015) (0.014) (0.016) (0.023) (125.938) (25.424) (3.910)
P-value 0.027 0.003 0.732 0.303 0.238 0.004 0.619 0.227 0.843
Comparison mean 0.760 0.081 0.102 0.082 0.124 0.342 1808.426 252.299 76.538
N 1737 1730 1730 1735 1714 1733 1672 1713 1251

Panel B: Female
Treatment 0.057 0.067 0.031 0.039 -0.039 -0.068 262.979 67.620 -10.473

(0.034) (0.021) (0.019) (0.020) (0.022) (0.034) (149.376) (24.744) (6.201)
P-value 0.092 0.001 0.107 0.046 0.074 0.048 0.079 0.006 0.092
Comparison mean 0.632 0.050 0.058 0.056 0.125 0.386 1008.077 115.131 89.819
N 856 853 853 855 846 853 826 843 513

Panel C: Male
Treatment 0.028 0.027 -0.022 -0.009 0.001 -0.063 -167.123 -10.776 5.911

(0.021) (0.024) (0.024) (0.021) (0.024) (0.031) (191.467) (42.674) (5.024)
P-value 0.179 0.252 0.359 0.660 0.964 0.042 0.383 0.801 0.240
Comparison mean 0.887 0.112 0.146 0.108 0.124 0.298 2607.316 388.009 67.376
N 881 877 877 880 868 880 846 870 738

P-val male=fem 0.463 0.234 0.097 0.097 0.256 0.849 0.089 0.128 0.037

Notes: See Table 2 notes. 2020 survey was administered over the phone (no in-person tracking) between May 19 and September 25
2020.
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Discussion 

What is pretty cool about this experiment? 

But is it really what we want here? 

Not quite!! This is the effect of a scholarship. Not the effect of 
education. 
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Randomized evaluation as an instrumental Variable 

The question: How much does education improve earnings (or test 
scores or health...)? 

Notation, assume earnings can be written as: 

Yi = α + βSi + ei 

where Si is the years of schooling for individual i , and Yi is earnings 

Note that this formulation assumes that the effect of education is the 
same for all people, which is not an assumption we will continue to 
make below: we also have some results on how to estimate a 
relationship where we don’t make this assumption, but we will not 
cover them now) 
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Randomized Scholarship 

We have a potential instrument in Ghana. Scholarship were randomly 
assigned to students who qualified for secondary school on a basis of 
a competitive test scores but had not yet joined. 

Let Zi be a dummy variable equal to 1 if one is assigned to the 
treatment group (and were therefore offered the scholarship), 0 
otherwise. 
Getting scholarship increases the probability to ever enroll in high 
school by about 25 pp 

most kids but not all enroll with scholarship 
some kids don’t enroll even without the scholarship 
non compliance both ways 
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Combining the two: an instrumental variable estimate of 
the effect of going to school on later outcomes 

Effect of treatment on participation can be measured by : 

E [Si |Zi = 1] − E [Si |Zi = 0] (1) 

Effect of treatment on outcome down the road could be measured by: 

E [Yi |Zi = 1] − E [Yi |Zi = 0] (2) 

Using our expression for Yi , we have: 

E [Yi |Zi = 1] = α + βE [Si |Zi = 1] + E [ei |Zi = 1] 

and: 

E [Yi |Zi = 0] = α + βE [Si |Zi = 0] + E [ei |Zi = 0] 
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Therefore 

E [Yi |Zi = 1] − E [Yi |Zi = 0] = 

β(E [Si |Zi = 1] − E [Si |Zi = 0])+ 

E [ei |Zi = 1] − E [ei |Zi = 0] 

What can we assume about E [ei |Zi = 1] − E [ei |Zi = 0]? 

What underlies this assumption, and is this justified? 

Putting everything together: 

E [Yi |Zi = 1] − E [Yi |Zi = 0]
β̂ = (3)

E [Si |Zi = 1] − E [Si |Zi = 0] 
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RCT as IV 

E [Yi |Zi = 1] − E [Yi |Zi = 0]
β̂ = 

E [Si |Zi = 1] − E [Si |Zi = 0] 

Careful: never forget to check both conditions when thinking about 
using an instrument. The second condition is often not verified even 
when the first is. 

If assumptions are verified: We obtain the effect of health on 
knowledge/earnings/anything else by dividing the effect of the 
program on cognitive scores by the effect of the program on 
education. 
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E [Yi |Zi = 1] − E [Yi |Zi = 0]
β̂ = 

E [Si |Zi = 1] − E [Si |Zi = 0] 

Equation 1 is the first stage relationship (the numerator). Equation 2 is 
the reduced form relationship (the denominator). β̂ given by equation 15 
is the Wald estimate of the effect of SHS participation. It is the simplest 
form of the instrumental variable estimator (Zi is our instrument). 
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Table 2: Education Outcomes

(1) (2) (3) (4) (5) (6) (7) (8)
Total

years of
education
to date
(2019)

Total
years of
SHS

to date
(2019)

Completed
SHS
(2019)

Completed
TVI
(2019)

Completed
tertiary
(2019)

Ever
enrolled

in tertiary
program
(2019)

Currently
enrolled

in tertiary
program
(2019)

Ever
enrolled

in tertiary
program
(2020)

Panel A: All
Treatment 1.241 1.251 0.272 -0.020 0.035 0.044 0.010 0.047

(0.104) (0.079) (0.022) (0.006) (0.015) (0.018) (0.011) (0.020)
P-value 0.000 0.000 0.000 0.001 0.019 0.016 0.346 0.019
Comparison mean 11.387 1.842 0.436 0.029 0.087 0.154 0.049 0.179
N 1924 1925 1952 1952 1952 1951 1951 1740

Panel B: Female
Treatment 1.313 1.208 0.258 -0.005 0.040 0.077 0.029 0.088

(0.155) (0.119) (0.032) (0.008) (0.020) (0.025) (0.015) (0.028)
P-value 0.000 0.000 0.000 0.573 0.048 0.002 0.059 0.002
Comparison mean 11.030 1.627 0.389 0.017 0.078 0.126 0.035 0.146
N 968 968 986 986 986 986 986 856

Panel C: Male
Treatment 1.141 1.273 0.281 -0.035 0.030 0.010 -0.009 0.007

(0.138) (0.104) (0.031) (0.009) (0.022) (0.026) (0.016) (0.029)
P-value 0.000 0.000 0.000 0.000 0.162 0.709 0.588 0.804
Comparison mean 11.758 2.065 0.485 0.041 0.096 0.184 0.065 0.210
N 956 957 966 966 966 965 965 884

P-val male=fem 0.467 0.580 0.529 0.009 0.734 0.069 0.098 0.045

Notes: Year of survey in parentheses. Panel A shows results for the full sample, Panel B for females, Panel C for males. The last row
shows the p-values for tests that the effects are identical between males and females. The estimated treatment effects are in each
panel’s first row; standard errors are in each panel’s second row in parentheses; p-values from the test that a respective treatment
effect is non-zero are reported in the third row; control group means are in each panel’s fourth row; sample size for the estimation
is in each panel’s fifth row. Controls include baseline score on Ghana’s exam for admission to secondary and vocational schools, an
indicator for whether the student took the exam, and region dummies.
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Scholarship and participation in Senior High School 
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Scholarship and cognitive test scores 
Table 3: Skills and Technology Adoption

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Total
years of

education
(2013)

Total
cognitive

score
(2013)

Political
knowledge

score
(2013)

Media
engagement

(radio, newspaper,
TV, internet)

(2013)

Knows
how

to use
internet
(2013)

Has a
bank

account
(2013)

ICT/Social
media

adoption
index
(2016)

Uses
fertilizer

(if in
farming)
(2017)

Used
internet

in the past
month
(2019)

Panel A: All
Treatment 1.191 0.157 0.095 0.060 0.086 0.058 0.062 -0.024 0.059

(0.077) (0.046) (0.046) (0.025) (0.047) (0.023) (0.037) (0.037) (0.024)
P-value 0.000 0.001 0.040 0.018 0.069 0.011 0.095 0.527 0.013
Comparison mean 10.787 -0.000 0.000 -0.020 0.000 0.314 -0.133 0.471 0.493
N 2064 1983 1981 1981 1983 1984 1995 769 1950

Panel B: Female
Treatment 1.186 0.194 0.075 0.074 0.050 0.098 0.090 0.020 0.076

(0.114) (0.069) (0.058) (0.032) (0.058) (0.031) (0.054) (0.057) (0.033)
P-value 0.000 0.005 0.192 0.023 0.386 0.001 0.095 0.720 0.023
Comparison mean 10.575 -0.175 -0.381 -0.165 -0.333 0.236 -0.416 0.410 0.402
N 1036 1002 1001 1001 1001 1002 1007 337 985

Panel C: Male
Treatment 1.183 0.113 0.094 0.035 0.101 0.016 0.016 -0.059 0.033

(0.101) (0.059) (0.061) (0.037) (0.067) (0.033) (0.045) (0.050) (0.033)
P-value 0.000 0.054 0.126 0.347 0.133 0.630 0.724 0.238 0.310
Comparison mean 11.006 0.183 0.397 0.131 0.346 0.396 0.162 0.522 0.590
N 1028 981 980 980 982 982 988 432 965

P-val male=fem 0.963 0.371 0.807 0.396 0.577 0.066 0.302 0.290 0.430

Notes: See Table 2 notes. Total cognitive score refers to standardized score on combined reading and math test, administered
at the 2013 survey. Political knowledge score is a standardized index of national and international political knowledge scores.
The national political knowledge score is comprised of the following: could name President of Ghana, Vice President of Ghana,
knew political party in power before 2012 election in Ghana, could name presidential running mate for the NPP, knew how
many years someone could be legally elected President in Ghana, knew number of candidates that participated in presidential
elections, knew number of new constituencies created in 2012 general elections. The international political knowledge index is
comprised of the following: knows name of current U.S. President, knows name of UN Secretary General, knows countries that
border Ghana, knows country with largest population in Africa, knows name of Venezuelan President who died in 2013, knows
which country Muamar Qaddafi led, knows name of leader from Cote D’Ivoire that ICC tried. The media engagement index is
comprised of: has a preferred newspaper, number of days in the last 7 that did each of the following: read newspaper, listened
to radio, watched TV, used internet. ICT adoption index (2016) is comprised of the following variables: has Facebook account,
knows how to use internet, and has internet on phone.
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Scholarship and cognitive test scores 
Table 6: Labor Market Outcomes

(1) (2) (3) (4) (5) (6) (7) (8)

Worked for
pay in past
6 months
(2019)

Has wage
contract with
employer
(2019)

Job
with

benefits
(2019)

Public
sector

employee
(2019)

Lives
in urban
area
(2019)

Self-
employed
(2019)

Total
earnings in

past 6
months
(2019)

Could not
cope with
200 GHX
emergency
(2019)

Panel A: All
Treatment 0.011 0.039 0.030 0.019 -0.015 -0.029 37.123 -0.027

(0.021) (0.015) (0.015) (0.013) (0.015) (0.020) (93.450) (0.017)
P-value 0.589 0.008 0.052 0.157 0.330 0.153 0.691 0.117
Comparison mean 0.730 0.084 0.099 0.077 0.123 0.245 1456.217 0.161
N 1952 1951 1951 1952 1921 1952 1915 1951

Panel B: Female
Treatment 0.033 0.041 0.020 0.041 -0.029 -0.012 35.794 -0.044

(0.033) (0.019) (0.019) (0.019) (0.021) (0.031) (108.464) (0.024)
P-value 0.314 0.032 0.283 0.031 0.152 0.683 0.741 0.070
Comparison mean 0.602 0.063 0.075 0.063 0.119 0.287 951.456 0.176
N 986 986 986 986 973 986 972 986

Panel C: Male
Treatment -0.020 0.035 0.037 -0.003 -0.001 -0.042 -12.740 -0.009

(0.024) (0.023) (0.024) (0.019) (0.023) (0.026) (145.790) (0.024)
P-value 0.405 0.119 0.126 0.874 0.959 0.106 0.930 0.718
Comparison mean 0.864 0.106 0.125 0.092 0.128 0.201 1993.862 0.146
N 966 965 965 966 948 966 943 965

P-val male=fem 0.207 0.856 0.572 0.092 0.421 0.536 0.838 0.319

Notes: See Table 2 notes. Total earnings in last 6 months winsorized at the 99% level. Labor market outcomes for 2017 shown in
Table A8, those for 2020 shown in Table 7.
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Wald and IV 

Let us calculate the Wald estimator ourselves, for cognitive scores or 
earnings . 

Compare to the IV . 

Compare to the OLS 
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Let’s discuss potential violation of exclusion restriction 

You can see that even a “small” violation of either of the conditions 
for the validity of the instrument can result in very large bias. Any 
bias in the reduced form will be “blown up” when I divide by the first 
stage difference. 
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Estimates for whom? 

Some kids would have gone to school anyways 

Some kids did not go to school even without the scholarship 

Some kids were moved to the scholarship to go to school 

How might the returns line up if they are not homogenous? 
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Wald estimate with heterogeneity in treatment effect 

Let Zi be an instrument, which affects the probability that an 
individual is treated 
Let Wi (1) be the treatment status for individual i if Z = 1, and 
Wi (0) the treatment status of the same individual if Zi = 0. 
The observed treatment is : Wi = Zi Wi (1) + (1 − Zi )Wi (0) 
As before, Yi (1) is potential outcome of treated (if Wi = 1) and 
Yi (0) is potential outcome if non-treated. 
Identification assumptions (Imbens and Angrist): 

All Potential outcomes are independent of the Instrument1 

2 

(Yi (1), Yi (0), Wi (1), Wi (0))⊥Zi 

What does this imply? 
Treatment assignment is randomly assigned (or can be treated as such) 
Treatment has no direct impact on the outcome (that is not implied by 
randomization of the instrument and has to be argued on a case by 
case basis!) 

3 Monotonicity: Wi (1) ≥ Wi (0) for everyone 
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More on Monotonicity 

Three groups of people : 

The Compliers: Wi (1) = 1 and Wi (0) = 0. 

The Never-Takers: Wi (1) = 0 and Wi (0) = 0 
3 The Always-Takers: Wi (1) = 1 and Wi (0) = 1 

The Defiers: Wi (1) = 0 and Wi (0) = 1 

1 

2 

4 

The monotonicity assumption means that there are no defiers. This is not 
a testable assumption, and needs to be assessed on a case by case basis. 
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Heterogenous treatment Effect 

E [Yi |Zi = 1] − E [Yi |Zi = 0] 

= E [Wi (1)Yi (1) + (1 − Wi (1))Yi (0)|Zi = 1] 

−E [Wi (0)Yi (1) + (1 − Wi (0))Yi (0)|Zi = 0] 

= E [(Wi (1) − Wi (0))(Yi (1) − Yi (0))] + E [Yi (0)|Zi = 1] − E [Yi (0)|Zi = 0] 

= E [(Wi (1) − Wi (0))(Yi (1) − Yi (0))] (by independence) 
= E [−(Yi (1) − Yi (0))|Wi (1) − Wi (0) = −1]P(Wi (1) − Wi (0) = −1) 
+E [0 ∗ (Yi (1) − Yi (0))|Wi (1) − Wi (0) = 0]P(Wi (1) − Wi (0) = 0) 
+E [(Yi (1) − Yi (0))|Wi (1) − Wi (0) = 1]P(Wi (1) − Wi (0) = 1) 
= E [Yi (1) − Yi (0)|Wi (1) − Wi (0) = 1] ∗ P(Wi (1) − Wi (0) = 1) 
(by monotonicity) 
= E [Yi (1) − Yi (0)|Wi (1) − Wi (0) = 1] ∗ (E [Wi (1)] − E [Wi (0)] 
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Wald Estimate is treatment effect on the compliers 

E [Yi |Zi = 1] − E [Yi |Zi = 0]
β̂IV = 

E [Wi |Zi = 1] − E [Wi |Zi = 0] 

= E [Yi (1) − Yi (0)|Wi (1) − Wi (0) = 1] 

Who are the compliers? 
Special case: Treatment on the Treated: 

When Wi (0) = 0 (e.g. randomized evaluation: all the control stays 
control) 

General case: Those are compelled by the instrument to get the 
treatement: external validity? 

While we cannot know who the compliers are, we can describe their 
characteristics 
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Interpretation of the IV in the Ghana case? 

Who are the people who get scholarship and do not join SHS? (never 
takers) 

Who are the people who do not get scholarship but join SHS? (always 
takers) 

Who are the people who are swayed by the scholarship (complier)? 

is this an interesting group of people? 
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Comparing IV with other strategies 

DML=double machine learning (Chernozukhov et al.) 

DML-Late: weighted DML. 

”Lalonde” exercise: comparison of DML strategy to IV. 
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Comparing IV with other strategies 
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Let’s discuss the substantive findings 

Do we find positive effects of education? 

Do we find financial returns to education ? 

Are these returns private or social? 
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Constructing an instrumental variable from observational 
data 

Some time you may not have a randomized instrument at your 
disposal 

But policy variations may create variations in human capital 

Exploiting these requires an extra step: building a solid empirical 
strategy for the first stage and the reduced form. 

Usually it takes additional assumptions, which you will defend with 
institutional knowledge. 

Duflo (2001) builds the IV on the DD strategy 
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“Fuzzy” DD 

First strategy: ratio of the DD (Wald DiD) 

Chaisemartin and Hautefeuille (2017) Show that this identifies the 
LATE under rather restrictive assumptions (only if the effect of the 
treatment is stable over time, and if the effect of the treatment is the 
same in the treatment and in the control group) 

they propose an alternative IV based on a control group where the 
exposure to the treatment does not change over time. 

Duflo (MIT) 14.771: Private and Social Returns to Education 33 / 49 



Instrumental variable 

What can we use as instruments? 
If we wanted to use just one instrument 
If we wanted to use many instruments? 

What are the identification assumptions? Do we believe in them? 

Did the IV make a big difference?Results 

What is the interpretation of the estimate? What are the years of 
education we are estimating the returns for? 

Interpretation of IV when the treatment takes more than one value: 
weighted average of marginal effects (going from 0 to 1, 1 to 2, 
etc..), where the weights are the fraction of people who are moved 
from one value of the instrument to another. 

See impact of programs by year of education 
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Non Experimental approach: Duflo, 2004 

Strategy of the ”affected un-treated” 

Use the INPRES program 

We want to estimate the “social returns to education” 

Do we expect externalities to be positive or negative? (why?) 

We are looking to estimate: 

yi = α + βSi + βSi + ei 

Two estimation problem: we need an instrument for Si and an 
instrument for Si (Acemoglu and Angrist). 

Consider a cohort who was 12 or older in 1973, and is thus not 
exposed by the program 

Until 1979, no-one in the labor market is educated in the new schools. 

Starting in 1979, slow influx of the graduate of the new schools Graph 
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Empirical Strategy 

Fix the cohort, let the years vary. 

Survey Year*Region are instrument for Si . Are they correlated with 
Si ? 

Results ( ): Mushy, but if anything, equilibrium effects 
are negative: consistent with no ”A” externality and negative 
pecuniary externalities 

Graph , Table 
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Log(wages) and years of education in Indonesia 

FIGURE 9 -- COEFFICIENTS OF THE INTERACTIONS AGE IN 1974* PROGRAM INTENSITY IN THE REGION 
OF BIRTH IN THE WAGE AND EDUCATION EQUATION (SAMPLE: INDIVIDUALS WHO COMPLETED MORE 

THAN 9 YEARS OF EDUCATION)
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FIGURE 10 -- RETURNS TO EACH YEAR OF EDUCATION (OLS ESTIMATE)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Years of education

Source: Duflo (2001) ”Schooling and labor market consequences of school 
construction in Indonesia” 
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