











Effect on wages for
those that
benefited the most
from the program



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 effect of the program on wages is through education - there is
no additional effect.

e 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.

e The equation of interest is

Yijk = kb + controls + n;jp,

where y; ;1. is log wages, \S; i, is years of schooling, controls is a set of age
and regional dummies, b is the return to education (key parameter here)
and 7;, 1s an error term. Recall that the fundamental problem with OLS
here is that S; i, is likely correlated with the residual 7);;, for example if
Mijk contains unobserved labour market ability. This would lead to bias in
the OLS estimate of b, as already discussed.

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



key equations above:
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(1)
Also recall that the term 21222 (Pj X dil) v1; Is meant to capture the
effects of the program. So P; x d; 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 effects of education, or returns to education.

[Key results are shown in Table 7]



TABLE 7—EFFECT OF EDUCATION ON LABOR MARKET OUTCOMES: OLS AND 2SLS ESTIMATES

Method Instrument (1) (2) 3) 4)

Panel A: Sample of Wage Earners
Panel Al: Dependent variable: log(hourly wage)

OLS 0.0776 0.0777 0.0767
(0.000620)  (0.000621) (0.000646)
2SLS Year of birth dummies*program 0.0675 0.0809 0.106 0.0908
intensity in region of birth (0.0280) (0.0272) (0.0222) (0.0541)
[0.96] [0.9] [0.93] [0.9]
Control variables:
Year of birth*enrollment rate No Yes Yes Yes
in 1971
Year of birth*water and No No Yes No
sanitation program
Propensity score, propensity No No No Yes

score squared

Notes: Year of birth dummies, region of birth dummies, and the interactions between year of birth dummies and the number
of children in the region of birth in 1971 are included in the regressions. Standard errors are in parentheses. F-statistics of
the test of overidentification restrictions are in square brackets.

Key findings:

e 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

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

e Using the program to construct instruments, Duflo obtains 2SLS estimates
of economic returns to education ranging from 6.8 to 10.6 percent. These
2SLS estimates are close to and not significantly different from the
OLS estimates.

e 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!



Number (millions)

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

e
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—— Low Intensity States (Western Region)
—=— High Intensity States (Non-West Region)

Fig. 2. Number of primary school
students, 1970-1981.
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Fig. 3. Number of Primary Schools in
Nigeria, 1970-1981.



3.1 Data and empirical framework

e 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: Differences-in-differences

e Age and region of residence define whether an individual was "treated"

(benefited from the program) or not.



o 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.

e 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 = O.

e 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 x High intensity) = 1.

e Thus, if we run the following regression:

Sijk = g+ a1X;, + ax(UPE cohort;, X High intensityj)
+as(High intensity ;) + a4(UPE cohort;) + €;,,

where the parameter ap measures the program effect. That is, ap mea-
sures the difference in schooling growth (across two cohorts; old & young)
comparing individuals in high and low intensity areas; hence this is termed
the Difference-in-Differences estimate.



e The authors also consider an alternative specification 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:

Sz'jk: = Bo + BlXijk + BQ(UPE COhOI’tk x UPE Inputsjk) (2)
+B3(UPE Inputs;;) + B4(UPE cohorty) + €,

e With this formulation, 5, measures the effect 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.

e [he same approach can be used to determine the program effect on fertility
- just replace the schooling variable S;;;. in the equations above by some
measure of fertility.



Empirical strategy #2: Instrumental variables.

e Similar to Duflo’s approach: Goal is to find the causal impact of education
on fertility. If education has a causal effect on fertility, then an expan-
sion in schooling should induce lower fertility rates, holding other variables
constant.

e The equation of interest is

Nijk = a; + BXyik + vSijk + Wijk
where N is the number of children born before age 25 to a woman ¢ of
cohort 5 living in state k, and -y is the causal effect of schooling on fertility

(note that there is no coefficient on the schooling variable in eq. 3 in the
paper - this is a typo).



e 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).

e Can the program be used to construct instruments? Yes, provided:
1. The program had an effect on education (instrument relevance);

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

If this is the case, the schooling equations in the previous subsections can be
used in the first 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]



The impact of the UPE

Results based on dummy variable for “high intensity”:

Table 3
The impact of the UPE program — DD analysis
A. Program intensity measured \W‘Ol‘ high-intensity (non-Western) Stalgs— ————
Dependent var Years of schooling 3 Qj:zbcr of kids before age 253
aseline d 1970 state Add year ine Adnd Add year
FE FE FE FE

(1) 2) (3) (4) (5) (6)
Born 1970-75 * 1.632% 1.573* 1.537* = L.110%%* — 1. 142%%* —1.086%**
High-intensity state (1.77) (1.76) (2.22 (4.35) (4.49) (5.03)
Born 1970-75 -0.297 —1.188 3.676%%* 3.774%%*
Dummy variable (014) (0.61) (4.35) (4.38)
High-intensity =0.605 0.766%**
State dummy variable (0.64) (3.28)
R-squared 0.383 0.393 0.404 0.102 0.110 0.130
Observations 2646 2646 2642 2646 2646 2646

Treatment: born 1970-1975 (age 1-6 in 1976); control: born 1956—1961 (age 15-20 in 1976).
* Significant at 0.1 level. ** Significant at 0.05 level. ***Significant at 0.01 level. Notes: ¢-statistics are shown in parentheses.

- 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).




Results based on federal spending on primary schools:

B. Program intensity measured by 1976 per capita federal funds disbursed for primary school construction

Dependent var. Years of schooling Number of kids before age 25

Baseline Add 1970 state Add year Baseline Add 1970 state Add year

FE FE FE FE

(1) ) 3) (4) (5) (6)
Born 1970—-75* Classroom 0.007 0.007* 0.008** —0.003%* —0.003** —0.003%***
Construction funds per capita (1.61) (1.72) (2.43) (2.00) (2.24) (2.91)
Born 1970-75 1.903 1.144 1.874%%% 1.922%%%
Dummy variable (1.41) (0.90) (2.80) (2.78)
Classroom =0.001 0.012%* 0.012%* 0.002 =0.001 =0.001
Construction funds per capita (0.24) (2.30) (2.40) (1.18) (0.56) (0.64)
R-squared 0.383 0.395 0.407 0.096 0.104 0.125
Observations 2646 2646 2646 2646 2646 2646

Treatment: born 1970—-1975 (age 1-6 in 1976); control: born 1956—1961 (age 1520 in 1976).

* Significant at 0.1 level. ** Significant at 0.05 level. ***Significant at 0.01 level. Notes: t-statistics are shown in parentheses. The t-statistics
reported are based on standard errors that are clustered at the year* state level. The baseline models include dummy variables for religion (Muslim,
Catholic, Protestant, Other Christian, Traditional Religion with “Other” being the left out group), ethnicity (Hausa, Yoruba, and Igbo with “Other”
being the left out group), the female share of total primary school enrollment in 1970 in the state, this variable is also interacted with a dummy variable
for being born 1970-75, and the proportion of civil servants in the state who were female the year the individual was age 6. State fixed effects refer to
the 12 states that existed in Nigeria in 1970 when the program was announced while classroom construction funds are measured at the 1976 state
level. The program intensity measure is available for all the 1976 states (19 states) that existed at the onset of the UPE program.

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

e Now consider the causal effects of education on
fertility.
* Instrumental variables: predicted schooling from:

Siik = Bo+ B1Xk + B2(UPE cohorty, X UPE Inputs;y)
+33(UPE Inputs;;,) + 84(UPE cohorty,) + =1,

 Then use predicted, not actual, schooling in:
N jk‘- — Oy -+ B ‘\}' j" k- -+ "’}-’SE'_ jk —+ -u.i-_jk,

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



OLS (benchmark) & IV (preferred) Results:

Table 8
The impact of education on fertility — instrumental variable estimates

A. OLS estimates

Baseline Add 1970 state Add year of birth
Fixed eftects Fixed effects
(1) (2) (3)
Years of education —0.111%** —0.113%*=* —0.109%*=*
(14.08) (14.35) (14.35)
R-squared 0.163 0.172 0.187
Observations 2646 2646 2646

B. Instrumental variables estimates instruments used: year of birth dummies * state capital allocation for classroom construction

Baseline Add 1970 state Add year of birth
Fixed effects Fixed effects

(1) (2) (3)
Years of education —0.444%** —0.475%%% —0.263%*

(3.70) (3.99) (2.28)
Overnidentification test (P-values) 0.086 0.032 0.281
R-squared 0.428 0.393 0.628
Observations 2646 2646 2646

Treatment: born 1970—-1975 (age -6 in 1976); control: born 1956—1961 (age 15-20 in 1976). Dependent variable: number of kids before age 25.
* Significant at 0.1 level. ** Significant at 0.05 level. *** Significant at 0.01 level. Notes: r-statistics are shown in parentheses. The r-statistics

*OLS results: educ & fertility negatively correlated

|V 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:

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

e |V estimates indicate that female education
reduces the number of early births (causal)

e 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

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

e 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.

e 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.





