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2.4 Estimating the returns to education

Two assumptions:

1. In the absence of the program, wages and education would not have varied
systematically across cohorts and regions

2. The only e¤ect of the program on wages is through education - there is
no additional e¤ect.

� Under assumption (1), the instrumental variables are relevant; under as-
sumption (2) they are valid. Under these two assumptions, we can use
the program to construct instrumental variables for education, and thus



estimate the returns to education despite the fact that education may be
correlated with unobserved ability.

� The equation of interest is

yijk = Sijkb+ controls+ �ijk;

where yijk is log wages, Sijk is years of schooling, controls is a set of age
and regional dummies, b is the return to education (key parameter here)
and �ijk is an error term. Recall that the fundamental problem with OLS
here is that Sijk is likely correlated with the residual �ijk, for example if
�ijk contains unobserved labour market ability. This would lead to bias in
the OLS estimate of b, as already discussed.

� The program is the source of the instrumental variables. Recall one of the



key equations above:

Sijk = c1+
X
j

�1jRj+
X
k
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�

1l+control variables+"ijk:

(1)
Also recall that the term

P23
l=2

�
Pj � dil

�

1l is meant to capture the

e¤ects of the program. So Pj � dil are the instruments. Once (1) has
been estimated, it will be easy to compute predicted schooling, and use
this in the earnings equation. This procedure yields the two-stage least
squares (2SLS) estimates reported in the paper. If we buy assumptions
(1) and (2) above, the resulting estimates of b in the earnings equation
are interpretable as causal e¤ects of education, or returns to education.

[Key results are shown in Table 7]



Key findings:
• OLS estimate indicates return = 7.8% per year
• 2SLS estimate indicates return = 7 – 10 % per year, depending on model
• No strong evidence OLS estimates are badly biased upwards…



2.5 Key conclusions

� The INPRES program led to an increase in educational attainment in In-
donesia.

� Using the program to construct instruments, Du�o obtains 2SLS estimates
of economic returns to education ranging from 6.8 to 10.6 percent. These
2SLS estimates are close to and not signi�cantly di¤erent from the
OLS estimates.

� Thus the results do not support the view that OLS estimates of returns
to education in developing countries are biased upward - the simple OLS
estimator may not be all that bad after all!



Fig. 3. Number of Primary Schools in 
Nigeria, 1970–1981.

Fig. 2. Number of primary school 
students, 1970–1981.

The nationwide UPE program was large‐scale and had big effects:



3.1 Data and empirical framework

� Micro data obtained from the 1999 Nigerian Demographic Health Survey
(DHS) in 1999. Contains a lot of data (education, fertility, family plan-
ning practices) on nearly 10,000 Nigerian women. Crucially, the dataset
contains information on region residence, and so it will be possible to link
the individual data with data on education expansion resulting from the
UPE program.

Empirical Strategy #1: Di¤erences-in-di¤erences

� Age and region of residence de�ne whether an individual was "treated"
(bene�ted from the program) or not.



� Age:

� Potentially treated women are those born between 1970 and 1975 (be-
cause program was started in 1976 and lasted until 1981; you start
school at the age of 6). UPE cohort = 1.

� Individuals of the "wrong" age were not exposed to the program. Au-
thors choose women aged between 15 and 20 in 1976 (born between
1956 & 1961). UPE cohort = 0.

� Region of residence:

� Potentially treated women are those in high intensity states - Non-West
regions. High intensity = 1.



� Women in low intensity states were not exposed to the program - West
regions. High intensity = 0.

� In the baseline analysis, an individual is recorded as exposed to the program
("treated) if she is of the right age and she lives in the right (high-intensity)
state; that is, if (UPE cohort � High intensity) = 1.

� Thus, if we run the following regression:

Sijk = �0 + �1Xijk + �2(UPE cohortk � High intensityj)
+�3(High intensityj) + �4(UPE cohortk) + "ijk;

where the parameter �2 measures the program e¤ect. That is, �2 mea-
sures the di¤erence in schooling growth (across two cohorts; old & young)
comparing individuals in high and low intensity areas; hence this is termed
the Di¤erence-in-Di¤erences estimate.



� The authors also consider an alternative speci�cation in which the dummy
variable "High intensity" is replaced by a measure of the per capita federal
funds disbursed to the state as part of the program:

Sijk = �0 + �1Xijk + �2(UPE cohortk � UPE Inputsjk) (2)

+�3(UPE Inputsjk) + �4(UPE cohortk) + "ijk;

� With this formulation, �2 measures the e¤ect of the program - it measures
whether individuals who grew up in states that received more resources
during UPE experienced increases in educational attainment larger than
women in states that did not receive as much.

� The same approach can be used to determine the program e¤ect on fertility
- just replace the schooling variable Sijk in the equations above by some
measure of fertility.



Empirical strategy #2: Instrumental variables.

� Similar to Du�o�s approach: Goal is to �nd the causal impact of education
on fertility. If education has a causal e¤ect on fertility, then an expan-
sion in schooling should induce lower fertility rates, holding other variables
constant.

� The equation of interest is

Nijk = �i +BXijk + 
Sijk + uijk;

where N is the number of children born before age 25 to a woman i of
cohort j living in state k, and 
 is the causal e¤ect of schooling on fertility
(note that there is no coe¢ cient on the schooling variable in eq. 3 in the
paper - this is a typo).



� Simple correlation between education and fertility (or OLS results) may
not be given a causal interpretation - e.g. because of omitted variables
(principle very similar to the education-earnings relationship).

� Can the program be used to construct instruments? Yes, provided:

1. The program had an e¤ect on education (instrument relevance);

2. UPE program had no direct e¤ect on fertility, other than through its e¤ect
on educational attainment (instrument validity).

If this is the case, the schooling equations in the previous subsections can be
used in the �rst stage of the 2SLS estimator, to compute predicted values of
schooling. The authors choose eq. (2) for this purpose.



[Results: Impact of the UPE shown in Table 3]



Results based on dummy variable for ”high intensity”:

‐ Program has positive effect on schooling, and negative effect on fertility. Effects
statistically significant.
‐ Program increased years of schooling by 1.537 (col. 3) and reduced number of 
children by 1.09 (col. 6).

The impact of the UPE



Results based on federal spending on primary schools:

Results are qualitatively the same: The program increased education & reduced
fertility.

Next, a number of robustness checks are done – similar to Duflo (e.g. program effect
should be weaker for older women who got some program exposure but not a lot). 
You can skip this. Focus instead on the impact of UPE, through education, on fertility.



Analysis: The impact on fertility

• Now consider the causal effects of education on 
fertility.

• Instrumental variables: predicted schooling from:

• Then use predicted, not actual, schooling in:

where N is number of children born to a woman before age 
25. The parameter γ thus measures the causal effect of 
schooling on fertility.



OLS (benchmark) & IV (preferred) Results:

•OLS results: educ & fertility negatively correlated
•IV results: causal effect is negative, statistically significant, and quantitatively larger (!) 
than that indicated by OLS. 
• Col (3): One additional year of education reduces #births by ‐0.26.



Main conclusion from this study:

• The change in education policy had a significant 
impact on both female education and fertility 
decisions.

• IV estimates indicate that female education 
reduces the number of early births (causal)

• Returns to universal primary education programs 
over the long term may be substantial, since the 
outcomes of the children of the affected women
may also be affected – we know the education of 
the children tends to improve with the level of 
education of their mothers, for example.



4 Summing up

� In this lecture we have studied two important papers using modern empiri-
cal methods combined with carefully selected datasets to study the e¤ects
of education policy on schooling, and the e¤ects of schooling on wages
and fertility.

� These papers are excellent examples of how modern research in develop-
ment economics is being done at present. Notice the emphasis on data
and empirics.

� When reading these papers, be strict on yourself: Make sure you under-
stand the analysis very well. In particular, convince yourself you are able
to interpret all the tables and graphs that we�ve discussed above.




