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Schooling and Labor MarketConsequences of School
Construction in Indonesia: Evidence from
an Unusual Policy Experiment
By ESTHERDuFLo*
Between 1973 and 1978, the Indonesian governmentengaged in one of the largest
school constructionprograms on record. Combiningdifferences across regions in
the numberof schools constructedwith differences across cohorts induced by the
timing of the program suggests that each primary school constructedper 1,000
children led to an average increase of 0.12 to 0.19 years of education, as well as a
1.5 to 2.7 percent increase in wages. This implies estimates of economic returnsto
education rangingfrom 6.8 to 10.6 percent. (JEL 12, J31, 015, 022)

The questions of whether investments in infrastructurecan cause an increasein educational
attainment,and whether an increase in educational attainmentcauses an increase in earnings
are basic concernsfor developmenteconomists.
A large body of literatureinvestigates the impact of schooling infrastructureon schooling, as
well as the returnsto education in developing
countries [see George Psacharopoulos (1994)
and John Strauss and Duncan Thomas (1995)
for surveys].Estimatedreturnsto educationare,
in general,largerin developingcountriesthan in
industrialized
countries.However,most of the existing studies are based on simple correlations
between years of educationand wages. Family
and communitybackgroundare importantdeterminantsof both schooling and labormarketoutcomes in developing countries,and the bias in
* Departmentof Economics, MassachusettsInstitute of
Technology, 50 Memorial Drive, Cambridge,MA 02142.
Financialsupportfrom the FondationThiers and the Alfred
P. Sloan Dissertation Fellowship is gratefully acknowledged. I also thankthe WorldBank for partiallyfundingthis
research,the CentralBureau of Statistics of Indonesia, the
Bappenas and the Ministry of Education and Culture for
data,and the staff of the HIID office in Jakarta(in particular
Joe Stem and Peter Rosner) for their help and hospitality.I
am grateful to Joshua Angrist, Abhijit Banerjee, Michael
Kremer,and JonathanMorduchfor their advice and support
throughoutthis research, and to Daron Acemoglu, David
Card, Anne Case, Aimee Chin, Angus Deaton, Guido Imbens, Emmanuel Saez, various seminar participants,and
two referees for helpful comments.I bear sole responsibility
for the content of this paper, which is not meant to reflect
the views of the World Bank or any governmentagency.
795

estimatesthattreatan individual'seducationlevel
as exogenous could be important.
This paperexploitsa dramaticchangein policy
to evaluate the effect building schools has on
education and earnings in Indonesia,a country
wherethe GDP per capitain 1995 was only $720,
3.5 percentthatof the UnitedStates.In 1973, the
Indonesiangovernmentlauncheda majorschool
constructionprogram,the SekolahDasarINPRES
program.Between 1973-1974 and 1978-1979,
morethan61,000 primaryschoolswere constructed-an averageof two schools per 1,000 children
aged 5 to 14 in 1971. Enrollmentrates among
childrenaged7 to 12 increasedfrom69 percentin
1973 to 83 percentby 1978. This was in contrast
to the absenceof capitalexpenditureanda decline
in enrollmentin the early 1970's.
Using a large cross section of men born between 1950 and 1972 from the 1995 intercensal
survey of Indonesia (SUPAS), I linked an
adult's education and wages with district-level
data on the number of new schools built between 1973-1974 and 1978-1979 in his region
of birth. The exposure of an individual to the
programwas determinedboth by the numberof
schools built in his region of birth and by his
age when the programwas launched.After controlling for region of birth and cohort of birth
effects, interactionsbetween dummy variables
indicatingthe age of the individualin 1974 and
the intensity of the program in his region of
birthare plausibly exogenous variables,and are
used as instrumentsin the wage equation. Similar strategieswere used to estimatethe effect of
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school quality on returns to education (David
Cardand Alan Krueger,1992), and the effect of
college education on earnings (Card and
Thomas Lemieux, 1998).
The estimates suggest that each new school
constructed per 1,000 children was associated
with an increase of 0.12 to 0.19 in years of
education and 1.5 to 2.7 percent in earnings
for the first cohort fully exposed to the program. This implies estimates of economic returns to education ranging from 6.8 to 10.6
percent.
The remainderof this paper is organized as
follows. In Section I, I describe the data, the
INPRESprogram,and an overview of the identification strategy. In Section II, I present the
estimated impact of the programon education.
Section III is devoted to the estimation of the
effect of the programon wages, and Section IV
to the estimate of economic returns to education. Section V combines the estimates of the
programeffect on wages with detailed data on
the cost of educationin Indonesiain a tentative
cost-benefit analysis of the program. Section
VI concludes.
I. The Program
A. Data

The data used in this paper come from the
1995 intercensalsurvey of Indonesia(SUPAS).
I focus on men born between 1950 and 1972.
Summarystatisticsfor this sample arepresented
in Table 1, panel A. There are 152,989 individuals in the sample, with an averagelevel of 7.98
years of completed education (6 years of education correspond to graduationfrom primary
school). There are 60,633 individualswho work
for a wage (sample selection issues are examined in Section IV).
Using informationon the district of birth of
each individual,I matchedthe individualsurvey
data with district-level census data and the
numberof schools scheduled to be constructed
in each district under the INPRES program.1
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TABLE1-DESCRIPTIVE
STATISTICS
Mean
Panel A: IndividualLevel Means
Education (whole sample N = 152,989)
Education(sample with valid wage data
N = 60,663)
INPRES schools built per 1,000 children
INPRES schools built per 1,000 children
(sample with valid wage data)
INPRES schools built per 1,000 children
(High programregions)
INPRES schools built per 1,000 children
(Low programregions)
Log(hourly wage)
Monthly earnings (SUPAS 1995),
thousandsRupiah
Monthly earnings (SUSENAS 1993) of
wage earners,thousandsRupiah
Monthly earnings (SUSENAS 1993) of
self-employed individuals, thousands
Rupiah
Panel B: District Level Means (N = 293)
INPRES schools constructed(1973-1974
to 1978-1979)
INPRES schools constructedper 1000
children (1973-1974 to 1978-1979)
Number of teachers in 1973-1974
Number of teachers in 1978-1979
Number of schools in 1973-1974
Fractionof the populationattendingschool
in 1971 (Census)
Enrollmentrate in primaryschool in 1973
(Ministry of Educationand Culture)
Panel C: Indonesian Family Life Survey,
IndividualsBorn Between 1950 and
1972 (all numbersare in percentages)
Proportionof individuals having migrated
between birth and age 12
Proportionof people having repeatedat
least one grade in primaryschool
Proportionof people completing more than
primaryhaving repeatedat least one
grade in primaryschool
Proportionof individuals having attended
primaryschool after age 12 (estimated)
Proportionof individuals having attended
primaryschool after age 13 (estimated)
Proportionof individuals born 1950-1961,
completing primaryor less, who left
school after 1974
Proportionof individuals born 1962-1966,
completing primaryor less, who left
school after 1974

7.98
9.00
1.98
1.89
2.44
1.54
6.87
13
205
152

222
2.34
1,530
2,082
219
0.174
0.68

8.5
20.0
6.0
15.8
6.8

2.8
24.5

Sources: IFLS, SUPAS, SUSENAS, INPRES instruction,
Census (1971), Ministry of Educationand Culture.
1 According to a survey of the implementationof the
programconducted by the Ministry of Education and Culture in 1983, the actual number of schools constructed
closely correspondedto the plans.
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District-level descriptivestatistics are presented
in Table 1, panel B.
B. The Sekolah Dasar INPRESProgram
Startingin 1973, the Indonesiangovernment
emphasized the need for "equity"across provinces. Oil revenues were mobilized to finance
centrally administereddevelopment programs,
the "presidentialinstructions"(INPRES). The
Sekolah Dasar INPRES was one of the first
INPRES programsand by far the largest at the
time it was launched (in 1973-1974). As a
result of the oil boom, real expenditures on
regional development more than doubled between 1973 and 1980, and the Sekolah Dasar
INPRES programbecame extremely important.
Between 1973-1974 and 1978-1979, 61,807
new schools were constructed(Table 1, panel
B), at a cost of over 500 million 1990 U.S.
dollars (1.5 percent of the Indonesian GDP in
1973). This representedmore than one school
per 500 children aged 5 to 14 in 1971, which
reportedly makes INPRES the fastest primary
school constructionprogramever undertakenin
the world (World Bank, 1990).
Once an INPRES school was established,the
governmentrecruitedthe teachersand paid their
salaries (each school was designed for three
teachersand 120 pupils). An effort to trainmore
teachers paralleled the INPRES program
(World Bank, 1990), and the proportion of
teachersmeeting the minimumqualificationrequirements did not worsen significantly between 1971 and 1978. The stock of schools
multipliedby two over the period, and the stock
of teachers grew by 43 percent.This contrasted
with a freeze of capital expenditureand teacher
recruitingprior to 1973 (Daroesman, 1971).
The programwas designed explicitly to target children who had not previously been enrolled in school. The generalallocationrule was
that the numberof schools to be constructedin
each district was proportionalto the numberof
children of primaryschool age not enrolled in
school in 1972. The "presidentialinstructions"
also listed the exact number of schools to be
constructedin each district.Table 2 presentsthe
results that a regression of the logarithmof the
number of INPRES schools planned in each
region had on the logarithm of the nonenrollment rate and the logarithm of the number of

TABLE 2-THE
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Log(INPRES schools)a
Log of numberof children
aged 5-14 in the region
Log(1 - enrollmentrate in
primaryschool in 1973)b
Number of observations

0.78
(0.027)
0.12
(0.038)

R2

255
0.78

Notes: Standarderrorsare in parentheses.
a
The dependent variable is the log of the number of
INPRES schools built between 1973 and 1978.
b
The enrollmentrate in primaryschool is the numberof
childrenenrolled in primaryschool in 1973 (obtainedfrom
the Ministry of Education and Culture) divided by the
numberof children aged 5-14 in the region in 1973.

children.The actualrule implies thatboth coefficients shouldbe close to 1. Both coefficientshave
the expected sign, but the coefficientof the nonenrollmentrate is smallerthan 1. This might be
explainedby measurementerrorin the nonenrollment measureas well as by imperfectapplication
of the general rule: The program appears to
have been less redistributivethan it intendedto.
C. IdentificationStrategy
The date of birth and the region of birth
jointly determine an individual's exposure to
the program.
Indonesianchildren normally attend primary
school betweenthe ages of 7 and 12. All children
bornin 1962 or before were 12 or older in 1974,
when the firstINPRESschools were constructed.
Thus,they did not benefitfromthe program,since
they should have left primaryschool before the
firstINPRESschools were opened.Graderepetition and delayedschool entrycould lead a few of
these childrento benefitfrom the programduring
their last year in school. However, accordingto
the 1993 IndonesianFamily Life Survey (IFLS)
data set (conductedin 1993 by RAND and the
DemographicInstituteat the Universityof Indonesia), less than 3 percent of the childrenborn
between 1950 and 1962 were still in primary
school in 1974. For youngerchildren,the exposureis an increasingfunctionof theirdateof birth.
Hence, the effect of the programshouldbe close
to 0 for children12 or olderin 1974 and increasing for youngerchildren.
Because the programintensity was related to
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OF EDUCATION AND LOG(WAGE) BY COHORT AND LEVEL OF PROGRAM CELLS

Years of education
Level of programin region of birth

Panel A: Experimentof Interest
Aged 2 to 6 in 1974
Aged 12 to 17 in 1974
Difference
Panel B: Control Experiment
Aged 12 to 17 in 1974
Aged 18 to 24 in 1974
Difference

Log(wages)
Level of programin region of birth

High
(1)

Low
(2)

Difference
(3)

High
(4)

Low
(5)

Difference
(6)

8.49
(0.043)
8.02
(0.053)
0.47
(0.070)

9.76
(0.037)
9.40
(0.042)
0.36
(0.038)

-1.27
(0.057)
-1.39
(0.067)
0.12
(0.089)

6.61
(0.0078)
6.87
(0.0085)
-0.26
(0.011)

6.73
(0.0064)
7.02
(0.0069)
-0.29
(0.0096)

-0.12
(0.010)
-0.15
(0.011)
0.026
(0.015)

8.02
(0.053)
7.70
(0.059)
0.32
(0.080)

9.40
(0.042)
9.12
(0.044)
0.28
(0.061)

-1.39
(0.067)
-1.42
(0.072)
0.034
(0.098)

6.87
(0.0085)
6.92
(0.0097)
0.056
(0.013)

7.02
(0.0069)
7.08
(0.0076)
0.063
(0.010)

-0.15
(0.011)
-0.16
(0.012)
0.0070
(0.016)

Notes: The sample is made of the individuals who earn a wage. Standarderrorsare in parentheses.

enrollmentrates in 1972, which differed widely
across regions, region of birth is a second dimension of variation in the intensity of the
program. Region of birth is highly correlated
with the region of education:91.5 percentof the
childrenin the IFLS sample were still living in
the district where they were born at age 12.
However, unlike region of education, it is not
endogenous with respect to the program[which
would lead to bias in the program effect; see
Rosenzweig and Wolpin (1988)], given that all
individuals in the sample were bom before the
programwas started.
The basic idea behind the identificationstrategy can be illustratedusing simple two-by-two
tables. Table 3 shows means of education and
wages for differentcohorts and programlevels.
Regions are separated in "high program"and
"low program"regions. The difference between
the number of schools constructed per 1,000
children constructedin high and low program
regions is 0.90.2 In panel A, I compare the
educational attainmentand the wages of individuals who had little or no exposure to the
program(they were 12 to 17 in 1974) to those of
2 To make Wald estimates meaningful, estimates in Table 3 are presented for the sample with valid wage data.
High program regions are defined as regions where the
residual of a regression of the number of schools on the
numberof children is positive.

individuals who were exposed the entire time
they were in primaryschool (they were 2 to 6 in
1974), in both types of regions. In both cohorts,
the averageeducationalattainmentand wages in
regions that received fewer schools are higher
than in regions that received more schools. This
reflectsthe programprovisionthatmore schools
were to be built in regions where enrollment
rateswere low. In both types of regions, average
educational attainment increased over time.
However, it increased more in regions that received more schools. The difference in these
differences can be interpretedas the causal effect of the program,under the assumptionthat
in the absence of the program,the increase in
educational attainment would not have been
systematically different in low and high program regions. An individual young enough,
born in a high program region, received on
average 0.12 more years of education, and the
logarithmof his wage in 1995 was 0.026 higher.
These differences in differences are not significantly different from 0. This simple estimator
suggests that one school per 1,000 childrencontributed to an increase in education by 0.13
years (0.12 divided by 0.90) and wages by
0.029 for childrenaged 2 to 6 when the program
was initiated. The Wald estimate of returnsto
education is the ratio of these two estimates.
The identificationassumption should not be
taken for granted: The pattern of increase in
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education could vary systematically across regions. In particular,there could be mean reversion. However, an implication of the
identificationassumptioncan be tested because
individuals aged 12 or older in 1974 were not
exposed to the program.The increase in education between cohorts in this age-group should
not differ systematicallyacross regions.
In Table 3, panel B, I present this control
experiment.I consider a cohort aged 18 to 24 in
1974 and a cohort aged 12 to 17 in 1974. The
estimated differences in differences are very
close to 0. These results provide some suggestive evidence that the differences in differences
are not drivenby inappropriate
identificationassumptions, although they are imprecisely estimated.In panelB, for example,the differencesin
differencesareinsignificantlydifferentfrom0 but
also fromthe differencesin differencesin panelA.
The remainderof this paperwill elaborateon this
strategyto lead to more convincingresults.
II. Effect on Education
A. Basic Results
To exploit the variationin treatmentintensity
across regions and cohorts, this strategycan be
generalized to a regression framework. Consider first the difference between the average
education of a young cohort exposed to the
programand that of an older cohortnot exposed
to the program.If additionalschools led to an
increase in educational attainment,the difference will be positively relatedto the numberof
schools constructedin each region.
This suggests running the following regression:
(1)

Sijk = C1 +

alj +

Ilk

+ (CiTi)51 +

+ (PiTi)y1
Eijk

where Sijk is the educationof individual i born
in regionj in year k, Ti is a dummy indicating
whether the individual belongs to the ''young"
cohort in the subsample,c1 is a constant,Olk iS
a cohort of birthfixed effect, a1ljis a districtof
birthfixed effect, Pj denotes the intensity of the
programin the region of birth,and Cj is a vector
of region-specific variables.
Table 4 (columns 1-3) presents estimates of
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equation (1) for two subsamples. In panel A, I
compare children aged 2 to 6 in 1974 with
childrenaged 12 to 17 in 1974. In column 1, the
specificationcontrols only for the interactionof
a cohort of birth dummy and the population
aged 5 to 14 in 1971. The suggested effect is
that one school built per 1,000 children increased the education of the children aged 2 to
6 in 1974 by 0.12 years for the whole sample,
and by 0.20 years for the sample of wage
earners.
This interpretationrelies on the identification
assumption that there are no omitted timevarying and region-specific effects correlated
with the program.The allocation of schools to
each region was an explicit function of the
enrollmentrate in the region in 1972. Therefore,
the estimate could potentially confound the effect of the program with mean reversion that
would have takenplace even in its absence. The
identificationassumptionwill also be violated if
the allocation of other governmentalprograms
initiated as a result of the oil boom (and potentially affecting education) was correlatedwith
the allocation of INPRES schools. Thus, I
present specificationsthat control for the interactions between cohort dummies and the enrollment rate in the populationin 1971, as well as
for interactions between cohort dummies and
the allocation of the water and sanitationprogram, the second largest INPRES programcentrally administeredat the time. Controllingfor
both the enrollmentrate and the water and sanitation program makes the estimates higher
(columns 2 and 3), suggesting thatthe estimates
are not upwardly biased by mean reversion or
omitted programs.
Panel B of Table 4 shows the results of the
control experiment(comparingthe cohort aged
12 to 17 to the cohort aged 18 to 24 in 1974). If,
before the programwas started,education had
increased faster in regions that received more
schools, panel B would show (spurious) positive coefficients. But the impact of the "program"is very small and never significant. The
coefficients are statistically different from the
correspondingcoefficients in panel A. Although
this is not definitive evidence (education level
could have started converging precisely after
1973), it is reassuring.
Even if the identificationassumptionis satisfied, the coefficient may slightly overestimate
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TABLE 4-EFFECT OF THE PROGRAM ON EDUCATION AND WAGES: COEFFICIENTS OF THE INTERACTIONS BETWEEN COHORT
DUMMIES AND THE NUMBER OF SCHOOLS CONSTRUCTED PER 1,000 CHILDREN IN THE REGION OF BIRTH

Dependent variable
Years of education
Observations

(1)

(2)

Log(hourly wage)

(3)

(4)

(5)

(6)

Panel A: Experimentof Interest: IndividualsAged 2 to 6 or 12 to 17 in 1974
(Youngestcohort: Individuals ages 2 to 6 in 1974)
0.124
Whole sample
0.15
0.188
78,470
(0.0250) (0.0260) (0.0289)
0.0147
0.0172
0.196
0.0270
Sample of wage earners
31,061
0.199
0.259
(0.0424) (0.0429) (0.0499) (0.00729) (0.00737) (0.00850)
Panel B: ControlExperiment:IndividualsAged 12 to 24 in 1974
(Youngestcohort: Individualsages 12 to 17 in 1974)
Whole sample
78,488
0.0093 0.0176 0.0075
(0.0260) (0.0271) (0.0297)
0.012
0.024
0.0031
Sample of wage earners
30,225
0.079
0.00399 0.0144
(0.0474) (0.0481) (0.0555) (0.00798) (0.00809) (0.00915)
Control variables:
Year of birth*enrollmentrate in 1971
Yes
No
Yes
Yes
No
Yes
Year of birth*waterand sanitation
No
No
No
No
program
Yes
Yes
Notes: All specificationsinclude region of birth dummies, year of birthdummies, and interactionsbetween the year of birth
dummies and the number of children in the region of birth (in 1971). The number of observations listed applies to the
specification in columns (1) and (4). Standarderrorsare in parentheses.

the effect of the programon averageeducation.3
Note thatsuch a large programcould potentially
have affectedthe returnsto educationby increasing the stock of primaryschool graduates(Angrist, 1995). Individuals'educationchoices could
thenhave respondedto this decreasein the returns
to education.To the extent that Indonesiais an
integratedlabor market,the returnsto education
would have declined in the entire country.The
estimatesdo not take this negative effect of the
programinto accountbecauseit is commonto all
regions. This effect, however, is not likely to be
very large.Its size ultimatelydependson the elasticity of the demandfor educatedlabor(which is
likely to be low in a rapidlygrowing economy),
the sensitivityof educationalchoice to perceived
returnsto education,and the extentof integration
in the Indonesianlabormarket.
B. Reduced-FormEvidence
This identification strategy can be generalized to an interactionterms analysis.
3In the working paper version (Duflo, 2000), this point
is made in the context of a simple formal model.

Consider the following relationshipbetween
the education (Sijk) of an individual i, born in
region j, in year k, and his exposure to the
program:
(2)

Sijk

= C I+

a lj

+f1k

23

+

E (pj x dil)yll
1=2
23

+ E (Cj X di,)>S1 +

6ijk

where di, is a dummy that indicates whether
individual i is age 1 in 1974 (a year-of-birth
dummy). In these unrestricted estimates, I
measure the time dimension of exposure to
the program with 22 year-of-birth dummies.
Individuals aged 24 in 1974 form the control
group, and this dummy is omitted from the
regression. Each coefficient yll can be interpreted as an estimate of the impact of the
program on a given cohort. This is simply a
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generalizationof equation(1) to estimatecohortby-cohortcontrasts.
Thereis a testablerestrictionon the patternof
the coefficientsYii Becausechildrenaged 13 and
older in 1974 did not benefit from the program,
the coefficientsYllshouldbe 0 for 1> 12 andstart
increasingfor 1 smallerthan some threshold(the
oldest age at which an individualcouldhave been
exposed to the programand still benefitfrom it).
Figure 1 plots the YjI Each dot on the solid
line is the coefficient of the interactionbetween
a dummy for being a given age in 1974 and the
number of schools constructedper 1,000 children in the region of birth (a 95-percent confidence intervalis plottedby brokenlines). These
coefficients fluctuatearound0 until age 12 and
start increasing after age 12. As expected, the
programhad no effect on the education of cohorts not exposed to it, and it had a positive
effect on the education of younger cohorts. All
coefficients are significantly different from 0
after age 8. These figures show that the identification strategyis reasonableand that the program had an effect on education.
C. RestrictedEstimation
Instead of testing whether the Yll are
equal to 0 for I ? 13, one can impose this

restriction. The equation to be estimated is
then
12

(3)

Sijk = CI +

aj1

+ Olk

+ E (Pjdj&)y
I
I= 2

12

+

Z (Cjdil)
1T

+

Sijk

1=2

The omitted group (the control group) is now
comprised of individuals aged 13 to 24 in
1974. This is more efficient and leads to
more precise estimates of the effect of the
program.
Columns (1)-(3) in Table 5 show the coefficients of the interactionsbetween age in 1974
and the intensity of the programin the region of
birthin three specificationsin the whole sample
[columns (4)-(6) show the same results for the
sample of wage earners]. In all columns, the
estimated effect is positive after age 10. All
coefficients are significantlygreaterthan 0 after
age 8. All sets of interactions are statistically
different from 0 (the F-statistic for the null
hypothesis is presented at the bottom of the
table). The coefficients generally increase with
date of birth(decreasingwith age), except for a
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TABLE 5-EiFECT
OF THE PROGRAM ON EDUCATION AND WAGES: COEFFICIENTS OF THE INTERACTIONS BETWEEN DUMMIES
INDICATING AGE IN 1974 AND THE NUMBER OF SCHOOLS CONSTRUCTED PER 1,000 CHILDREN IN REGION OF BIRTH

Dependent variable:years of education
Sample of wage earners

Whole sample
Age in 1974
12
11
10
9
8
7
6
5
4
3
2

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

0.002
(0.054)
0.018
(0.051)
0.078
(0.054)
0.15
(0.044)
0.11
(0.054)
0.16
(0.051)
0.26
(0.049)
0.13
(0.050)
0.18
(0.046)
0.20
(0.053)
0.19
(0.049)

-0.040
(0.077)
0.008
(0.073)
0.10
(0.075)
0.067
(0.065)
0.19
(0.078)
0.11
(0.072)
0.23
(0.070)
0.14
(0.075)
0.19
(0.069)
0.15
(0.079)
0.20
(0.073)

-0.010
(0.078)
0.014
(0.074)
0.092
(0.076)
0.063
(0.066)
0.20
(0.079)
0.13
(0.073)
0.23
(0.070)
0.16
(0.075)
0.19
(0.069)
0.17
(0.080)
0.22
(0.074)

0.009
(0.091)
-0.003
(0.083)
0.13
(0.090)
0.17
(0.077)
0.28
(0.089)
0.16
(0.084)
0.32
(0.084)
0.27
(0.088)
0.29
(0.082)
0.30
(0.097)
0.25
(0.088)

0.016
(0.013)
-0.014
(0.012)
0.0036
(0.013)
0.0095
(0.011)
0.019
(0.013)
-0.0095
(0.012)
0.011
(0.012)
0.021
(0.013)
0.019
(0.012)
0.0079
(0.013)
0.016
(0.012)

0.019
(0.013)
-0.013
(0.013)
0.0042
(0.013)
0.010
(0.011)
0.021
(0.013)
-0.0049
(0.012)
0.013
(0.012)
0.023
(0.013)
0.020
(0.012)
0.013
(0.014)
0.023
(0.013)

0.027
(0.015)
-0.009
(0.014)
0.0059
(0.015)
0.018
(0.013)
0.027
(0.015)
0.0066
(0.014)
0.018
(0.014)
0.052
(0.015)
0.038
(0.014)
0.027
(0.016)
0.040
(0.015)

Yes

Yes

No

Yes

Yes

No

Yes

Yes

No
5.18
0.19
152,495

Yes
6.15
0.17
143,107

No
2.70
0.14
60,633

No
2.74
0.14
60,466

Yes
4.38
0.13
55,144

No
1.13
0.14
60,633

No
1.29
0.15
60,466

Yes
2.05
0.13
55,144

-0.035
-0.025
(0.047) (0.048)
0.011
0.025
(0.046) (0.047)
0.059
0.049
(0.047) (0.049)
0.14
0.14
(0.039) (0.041)
0.088
0.11
(0.049) (0.050)
0.12
0.14
(0.044) (0.046)
0.17
0.14
(0.042) (0.044)
0.10
0.13
(0.043) (0.045)
0.11
0.12
(0.039) (0.041)
0.11
0.14
(0.044) (0.046)
0.14
0.19
(0.041) (0.043)

Control variables:a
Year of birth*enrollment
rate in 1971
No
Year of birth*waterand
sanitationprogram
No
F-statisticb
4.03
R2
0.19
Number of observations 152,989

Dependent variable:
log(hourly wage)

Notes: All specificationsinclude region of birth dummies, year of birth dummies, and interactionsbetween the year of birth
dummies and the numberof children in the region of birth (in 1971). Standarderrorsare in parentheses.
a
The control group is comprised of individuals aged 13-24 in 1974.
b
The F-statistics test the hypothesis that the coefficients of the interactionbetween the year of birth dummies and the
programintensity in the region of birth are jointly zero.

high value at age 9 and a decline between ages
6 and 5. They increase faster between ages 12
and 9 than they do subsequently,thus suggesting that once the educationlevel in the population reaches a certain point, increasing it by
building primary schools becomes more
difficult.
The estimates in column (1) (without controls) suggest thatone school per 1,000 children
increasesthe educationof the youngest children
by 0.14 years. On average, 1.98 schools were
built per 1,000 children.This implies that at its
mean value, the programcaused an increase in
education of 0.27 years for these children (the
average education in the sample is 7.98 years).

As before, controlling for enrollment rate in
1971 [colunm (2)] and the water and sanitation
program [column (3)] makes the estimate
slightly higher.In columns (4)-(6), I presentthe
same estimates for the subsampleof wage earners. The programeffect is higher for wage earners than it is in the whole sample.
More insight into why this programwas effective is obtained by examining its impact in
differenttypes of regions. In Table 6 (panel A),
I present results equivalent to the specification
in Table 4 [equation(1)] for varioussubsamples
of regions of birth.Columns (2) and (3) suggest
that the programhad no effect in densely populated regions, and a large effect in sparsely
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TABLE6-PROGRAM EFFECTAND RETURNSTO EDUCATION
BY CATEGORIES
OF REGIONOF BIRTH

Characteristicsof region of birth
Preprogram

Whole
Densitya
sample <Median >Median
(1)
(2)
(3)

1976 Povertyb
educationc
Low <Median >Median
High
(4)
(5)
(6)
(7)

Panel A: Effect of the Program on Education
Dependent variable:Years of education.
Sample: individuals ages 2 to 6 or 12 to 17
in 1974
Interaction
(2-6 in 1974)*programintensity in region of

0.15
(0.026)

0.19
-0.014
(0.035) (0.048)

0.13
(0.058)

Panel B: Effect of the Program on Wages
Dependent variable:log(hourly wage). Sample:
individuals ages 2 to 6 or 12 to 17 in 1974
(wage earners)
Interaction
(2-6 in 1974)*programintensity in region of

0.017
(0.0074)

0.032 -0.00084
(0.011) (0.012)

0.051 -0.00083
(0.017) (0.0094)

Panel C: Returns to Education
Dependent variable:log(hourly wage). Sample:
wage earners
Years of education

0.078
0.11
(0.00062) (0.026)
[0.86]
[0.9]

No First
stage

0.10
(0.028)
[0.88]

0.083
(0.035)

0.14
0.13
(0.040) (0.036)

0.028
0.0046
(0.013) (0.0095)

No First 0.12
0.029
stage
(0.032) (0.052)
[0.72] [0.83]

Notes: Region of birthdummies,year of birthdummies, and interactionsof year of birthdummies and the numberof children
and the enrollmentin the region in 1971 are includedin the regressions.Standarderrorsare in parentheses,F-statistics of the
overidentificationtest are in square brackets.
a The median density (the density for the region of birth for the median person in the weighted sample) is 308 habitants
per squarekilometer.
b The high poverty provinces are the provinces where the proportionof people consuming less than 1,500 Rp per capita
is larger than the national for rural regions (in the 1976 SUSENAS). I define "high poverty" as rural districts in these
provinces, which are: Lampung, Central East Java, East Nusa Tenggara, Central Sulawesi, South Sulawesi, Southeast
Sulawesi, Maluku, Irian Jaya (World Bank, 1979).

c The preprogrameducationis the average educationin the region of birthfor people born in 1962 or before. The median
is 3.18 years.

populatedregions.In sparselypopulatedregions,
each new school significantlyreducesthe distance
to school. In denselypopulatedregions,the main
effect will be to increasethe availabilityof slots or
to reduce the overcrowdingof old schools. This
suggests thatreducingthe distancechildrentraveled to school was the most importanteffect of the
program.This interpretation,
however,shouldbe
taken with caution, in that this difference may
come from other characteristicscorrelatedwith
density. Columns (4) and (5) suggest that the
programhad more impact in poor provinces.In
columns (6) and (7), I divide the sample into
regions where the education of the cohort not
exposed to the program(men bornbetween 1950
and 1962) was lower or higher than the median
(3.08 years of education).Results are similarfor
both sets of regions.

In summary,it appearsthatthe school construction program had an impact on education. It
shouldbe recalledthat this programwas accompaniedby a generaleffortby the Indonesiangovernmentin favor of education,a priorityof the
second five-yearplan. As partof this effort, primaryschool fees were suppressedin 1978 (World
Bank, 1990). Therefore,these results cannot be
generalizedto less favorablecontextswithoutapplying caution.
D. At WhatLevel of Education Was the
Program Effective?
The impact of the program on welfare
depends on whether it primarily affected children with a low or a high level of education.
Differences in differences in the cumulative
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distributionfunction of educationprovideinformation on the level at which the programwas
effective. In practice, for Sijkm, a dummy that
indicates whether the individual i, born in region j, in year k, completed m years of education or less, and for Pj, a dummy indicating
whether the child was born in a high program
region, I estimate the following equation:
(4)

Sijk,?, =

c + aj +

Pk +

(Pj Ti) K,?, +

8 ijk

The Km, for m = 0 to 19, are the values of the
estimatedimpact of the programat each level of
education.They are plotted in Figure 2 (the 95percentconfidence intervalis plotted by broken
lines).
The shape of Figure 2 indicates at what level
the programwas effective. The effect is increasing until the sixth year of education,decreasing
until the twelfth, and slightly increasing thereafter. A maximum of about 6 percent of the
sample living in high program regions were
induced to complete at least primary school.
This also shows some impact of the programon
the probabilityof completing lower secondary
school (1.5 percentof the sample is estimatedto
have been induced by the programto complete

the 7th, 8th, and 9th grades or more). There is a
negative difference in differences at the senior
high-school level.
The program increased average schooling
through increasing primary schooling essentially. This provides additionalevidence thatthe
assumption underlying the identification strategy is reasonableas the estimated effect of the
programfor the levels of education that it did
not target is small or nonexistent. The negative
difference in differences at the senior high
school level may indicate that some variable
predicting the probability of attending senior
high school is omitted from this regression(and
changed in low programregions more than in
high programregions). The programcould also
have inducedmore marginalpeople to complete
primary school and move on to junior high
school.4 However, the direct and indirect
costs of junior high school were much higher
than the costs of primary education and were
not equalized across regions at the time. This
4For example, Angrist and Imbens (1995) find thatcompulsory attendancelaws in the United States induce a fraction of the sample to complete some college as a
consequence of constrainingthem to complete high school.
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may explain why we do not observe large
spillovers.
III. Effect on Wages
A. Basic Results
The same identification strategy can be applied to estimate the effect of the program on
wages. As with education, I estimate:
(5)

Cl + alj

Yijk

+

Olk

+ (PjTi)-yl + (CjTi)51 +

8ijk

where Yijk iS the logarithmof the 1995 wage of
an individual i, born in region j, in cohort k.
Results are presented in Table 4 [columns
(4)-(6)] and in Figure 1. In Table 4, panel A, I
set Ti equal to 1 for childrenaged 2 to 6 in 1974,
and use children aged 12 to 17 as the comparison group.
In Table 4, panel A, the estimates range
from 1.5 to 2.7 percent. As in the case of
education, the estimates increase when I
control for enrollment rates in 1971 and for
the allocation of the water and sanitation program, although none of these estimates is
significantly different from each other. In
panel B (which presents the control experiment), the interaction coefficient is small and
not significantly different from zero in all
specifications. However, these estimates are
imprecise and I cannot reject equality of
the coefficients in panels A and B (although the point estimates are much smaller
in panel B).
B. Reduced-FormEvidence
As for education, we can write an unrestricted
reduced-formrelationshipbetween exposure to
the programand the logarithmof the wage of an
individual (Yijk):
23

(6)

Yijk

=

a2j + 02k +

C2 +

E

(Pjdil)Y21

1=2
23

+ E (Cjdil)821+
1=2

Vijk
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where a2j is a region-of-birtheffect and 2k iS
a cohort-of-birtheffect. Pi, Ci, and di, are defined as in the education equation: Pj is the
intensity of the programin the region of birth,
Cj is the vector of control variables,and di, is a
dummy indicating whether individual i was of
age 1 in 1974.
The Y21 should be zero for 1 greater than 12
and start increasing thereafter. Moreover, if
the program affected wages only through its
effect on education, the coefficients Y21
should track the yil (in the education
equation).
In Figure 3, the Y21 are plotted by a dotted
line, and the yli are plotted by a solid line.
Both are oscillating until age 10 and start
increasing after age 11. The coefficients of
the interactions for education and wages track
each other.
C. RestrictedEstimates
Finally, in columns (7)-(9) of Table 5, I
present estimates of the equation
12

(7)

Yijk

C2 + a2j + 02k +

E

(Pj dil)Y21

1=2
12

+

E

(Cjdil)a21+

Vijk.

1=2

The effect of the program on wages is less
precisely estimated than as on education because wages fluctuate more and the sample is
smaller (given that wages are not collected for
self-employed people). However, qualitatively,
the results parallel the estimated effects on education. No effect is found for childrenaged 10
or older in 1974. The coefficients are positive
for younger children (except at age 7). The
coefficients of the interactions generally decrease with age. The estimates are higher when
I control for both enrollmentrate and the water
and sanitation program. The last line in this
table indicates that constructingone school per
1,000 children increased the 1995 wages of
individualsaged 2 in 1974 by 1.6 percentto 4.0
percent. The average number of schools constructedper 1,000 childrenis 1.89 in the sample
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with valid wage data. Thus, on average, the
programcaused a 3 to 7 percentincrease in the
wages of this cohort.
In Table 6 (panel B), I present the estimates
of equation (5) for different subsamples. The
variations of the effect of the program on
wages across subsamples parallel those on
education. In particular, the program had no
effects on wages in regions where it had no
effect on years of education. This suggests
that the program effect on wages was caused
by the changes in years of education. In the
next section, I use this to construct instrumental variables (IV) estimates of the effect of
education on wages.
IV. Estimating Returns to Education

The identificationassumptionthat the evolution of wages and education across cohorts
would not have varied systematicallyfrom one
region to another,in the absence of the program,
is sufficient to estimate the impact of the pro-

gram. Additionally, if we assume that the program had no effect on wages other than by
increasing educational attainment,one can use
this programto constructinstrumentalvariables
estimates of the impact of additional years of
education on wages. The most serious concern,
for this interpretation,is that the programmight
have affected both the quality and the quantity
of education, and that changes in wages could
reflect both effects. I examine below whether
there is evidence that this occurred.
A. Two-StageLeast-SquaresEstimates of the
Returns to Education
Estimates of equation (3) are of intrinsic interestbecause they provide an assessmentof the
impact of the programon education. But they
also representthe firststage of a two-stage leastsquares (2SLS) estimation of the impact of
education on wages. Consider the following
equation which characterizesthe causal effect
of education on wages:
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Yijk

=
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d + aj

+ Pk

+ SyIkb +
TIjk

where cj and Pk denote region-of-birthand
cohort-of-birtheffects, respectively.Note thatthe
returnsto educationare measuredin 1995. If the
programwas large enough to have generalequilibriumeffects on the returnsto education,this
will thereforebe reflectedin the estimates.
Ordinary least-squares (OLS) estimates of
equation (8) may lead to biased estimates if
there is a correlation between Nijk and Sijk.
However, underthe assumptionsthat the differences in wages across cohorts would not have
been systematicallycorrelatedwith the program
intensityin the absence of the program,and that
the programhad no direct effect on wages, the
interactions between the age in 1974 and the
program intensity in the region of birth are
available as instrumentsfor equation(8). These
instrumentshave been shown to have good explanatorypower in the first stage. The equation
will also be estimatedusing a single instrument,
the interactionof being in the "young" cohort
and the programintensity in the region of birth.
Equation(8) can also be modifiedto incorporate
control variables as follows:
(9)

Yijk

=d + aj +

bk + Sikb

12

+ E (Cjdi)YIr+

Tijk-
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OLS estimate, althoughI cannotreject equality.
In column (2), I introduceinteractionsbetween
the enrollment rate in 1971 and year-of-birth
dummies. The point estimate is higher than
without the controls (8.1 percent). When I introduce a control for the water and sanitation
program, the estimate is again slightly higher
(10.6 percent). In the third line, I present the
2SLS estimate using only one instrument.The
results are very similarto the IV estimatesusing
more instruments.
In Table 6, panel C, I examine whether
returns to education vary across regions.5
They are higher (11 percent) in sparsely
populated regions and in regions where the
average education level of cohorts not exposed to the programis low (12 percent).They
seem to be lower in regions where initial education was high, although the standarderrorof
this estimate is too large to be conclusive. This
last result is consistent with the idea that the
general equilibrium effect of an increase in
education is to depress the returns,but it suggests that even after the program,returnswere
still higher in regions that received more
schools.
I now turn to two potential sources of bias:
the assumptionthat the programhad no impact
on wages other than throughthe increase in the
quantity of education, and problems arising
from sample selection.

I =2

The results arepresentedin Table 7, panel Al
(panel A2 presentsresults with the logarithmof
monthly earnings as the dependent variable).
The first line shows the OLS estimate. The
estimatedreturnto educationis 7.8 percent and
is not affected by introducingcontrol variables.
This is lower than OLS estimates in Indonesia
in older samples, but consistent with estimates
in other Indonesiandata sets of the 1990's and
with the decline in estimated returns to
education over time. The estimates reportedin
World Bank (1990) decreasefrom 19 percentin
1982 to 10 percent in 1986.
The second line presents 2SLS estimates of
equation (9) (the F-statistics of the overidentifying restrictions test are shown in square
brackets).In column (1), the numberof children
in 1971 is the only control variable. The point
estimate(6.75 percent)is slightly lower thanthe

B. Could Change in Quality Bias
the 2SLS Estimates?
Estimatesof returnsto educationarebiased if
the program affects both the quality and the
quantity of education. Two pieces of evidence
suggest that the programdid not substantially
affect the quality of education.
First, using data from the ministry of education and culture, I verified that changes in average pupil/teacher ratio between 1973 and
1977 were not systematically related to the
numberof INPRES schools constructedin each
region.

5 I have not presented the 2SLS estimate when the Fstatistic for the joint significance of the instrumentsin the
first stage was below 2, because it would not be interpretable.
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TABLE 7-EFFECT

Method

OF EDUCATION ON LABOR MARKET OUTCOMES: OLS AND 2SLS ESTIMATES

(1)

Instrument

(2)

(3)

(4)

Panel A: Sample of Wage Earners
Panel Al: Dependent variable: log(hourly wage)
OLS
2SLS

Year of birth dummies*program
intensity in region of birth

2SLS

(Aged 2-6 in 1974)*program
intensity in region of birth

0.0776
(0.000620)
0.0675
(0.0280)
[0.96]
0.0752
(0.0338)
(0.0338)

0.0777
(0.000621)
0.0809
(0.0272)
[0.9]
0.0862
(0.0336)
(0.0336)

0.0767
(0.000646)
0.106
(0.0222)
[0.93]
0.104
(0.0304)
(0.0304)

0.0698
(0.000601)
0.0756
(0.0280)
[0.73]

0.0698
(0.000602)
0.0925
(0.0278)
[0.63]

0.0689
(0.000628)
0.0913
(0.0219)
[0.58]

0.0328
(0.00311)

0.0327
(0.000311)

0.0337
(0.000319)

0.0908
(0.0541)
[0.9]

Panel A2: Dependent variable: log(monthlyearnings)
OLS
2SLS

Year of birth dummies*program
intensity in region of bilth

0.134
(0.0631)
[0.7]

Panel B: Whole Sample
Panel B1: Dependent variable: participation in the wage sector
OLS

2SLS

Year of birth dummies*program
intensity in region of birth

0.101

0.118

0.0892

(0.0210)
[0.66]

(0.0197)
[0.93]

(0.0162)
[1.12]

for self-employed individuals
Panel B2: Dependent variable: log(monthlyearnings), imnputed
0.0539

OLS

(0.000354)

2SLS

Year of birth dummies*program
intensity in region of birth

Controlvariables:
Year of birth*enrollmentrate

0.0539
(0.000354)

0.0539
(0.000355)

0.0509

0.0745

0.0346

(0.0157)

(0.0136)

(0.0138)

[0.68]

[0.58]

[1.16]

No

Yes

Yes

Yes

No

No

Yes

No

No

No

No

Yes

in 1971

Year of birth*waterand
sanitationprogram
Propensityscore, propensity
score squared

Notes: Year of birthdummies, region of birthdummies, and the interactionsbetween year of birthdummies and the number
of children in the region of birth in 1971 are included in the regressions. Standarderrorsare in parentheses.F-statistics of
the test of overidentificationrestrictionsare in squarebrackets.

Second, the programdid not affect the educationalattainmentof individualscompletingnine
years of educationor more (as shown in Section
IV). However,if the qualityof educationhadbeen
affected, their wages would have reflected it. I
estimatedequation(2) in the sampleof individuals
with an educationlevel above9 years.No specific
patternemerges.6The evidencein Table6 can be
6 A figure is shown in the working paper version (2000)
of this study.

interpretedalong the same lines: In densely populatedregions [column(4)], the programhad no
effect on years of education,and it also had no
effect on wages. If the qualityof educationhad
changedand this had affected wages, we would
see an effect of the programon wages.
These two separatepieces of evidence lend
some supportto the assumptionthat the increase
in wages was attributedmainlyto the increasein
the quantityof education.There is no clear evidence that the programsignificantlyalteredthe
qualityof education.

VOL.91 NO. 4

DUFLO: CONSEQUENCESOF SCHOOLCONSTRUCTION
IN INDONESIA

D. Correction for Sample Selection

The returns to education are estimated in a
selected sample: Only 45 percent of the individuals in the sample are working for a
wage, with most remaining individuals being
self-employed.
The probability of working for a wage is
potentially affected by education. To examine
this, I use 2SLS to estimate
(10)

wijk

-

d+

aj + bk + eijkA
12

+ E (Cjdil)I

+

Thijk

l=2

where wijk is a dummy variable, indicating
whether an individual reports a positive wage.
Estimates of this equation are presentedin Table 7, panel B 1. The IV coefficient range is 0.09
to 0.12. The probabilityof working for a wage
is indeed affected by education.
This is an interesting result, but it casts a
shadow on the validity of the 2SLS estimate of
returnsto education.Because the probabilityof
working for a wage is affected by schooling
(and by the instruments),the sample selection is
likely to induce a correlationbetween the instrumentsand the errorin equation(9). I implement two alternativeproceduresto investigate
whether sample selection is likely to be an importantproblem in this case.
First, I follow a suggestion introduced by
James Heckman and Joseph Hotz (1989), later
elaborated by Hyungtaik Ahn and James L.
Powell (1993), to condition in the second stage
on the probabilityof selection given the instruments. In practice, an indicatorof whether the
individualis working for a wage is regressedon
the instruments, and polynomials of the predicted value from this regressionare introduced
as controls in the wage equation. The result of
the introduction of the correction for sample
selection is presented in Table 7, column (5)
(panel Al). The coefficient changes very little,
from 8.1 percent [in column (3)] to 9.2 percent.
An alternativeapproachis to impute an income for self-employed individuals and examine whether the results change when the
estimationis performedin this "completedsample." The income and expendituremodule of the
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1993 SUSENAS survey, made up of 50,000
individuals,allows us to computeincome for all
individualsbut it does not contain the region of
birth. Households reportthe members' occupations and the sector of activity from which they
derive their main source of income. I calculate
the average income derived from the main activity of the household for cells defined by sector (nine industrialsectors and services and four
types of agricultural activities), status, and
urban/ruralresidence. I then "complete" the
SUPAS sample by defining the dependentvariable as the logarithm of monthly earnings if
they are recordedin the SUPAS data (for individuals workingfor wages) and the logarithmof
the average income from the SUSENAS in the
individual's occupation cell for all self-employed individuals (multiplied by the wage inflation factor defined as the ratio of the average
wage from the SUPAS and the average income
of wage earnersimputedfrom the SUSENAS).7
The results are presented in Table 7, panel
B2. They must be compared to the results in
panel A2, where the dependent variable is the
logarithmof monthly earningsof wage earners.
In all cases, the estimates using the completed
sample are smaller than those using the sample
of wage earners.In the specificationcontrolling
for the water and sanitationprogramit drops to
3.5 percent. This particularresult is surprising,
but the fact that the returns for the complete
sample are somewhat smaller than those for the
sample of wage earnersindicates that returnsto
education might be higher in the wage sector
than that among the self-employed.
V. ComparingCosts and Benefits
The estimates of the program's effect on
wages can be used to compare the costs of
building and operating the new schools to the
additionalwealth they generated,under the assumption that the increase in wages represents
an increase in human capital. Note that in this
case, the increase in wages underestimatesthe
total benefit generated by the program: The
increase in education is likely to affect other

7Individuals who did not work at least one hour in the
previous week do not reporta branchof activity. They are,
therefore,still excluded from this sample.
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outcomes (fertility, child morbidityand mortality, etc.). These calculations require additional
assumptions and should be taken with considerable caution. Nevertheless, it is useful to estimate the magnitude of the consequences of
such a large-scale program.
Using informationcontainedin the presidential instruction and in a study on the cost of
education in Indonesia conducted in 1971
(Daroesman, 1971), I estimated the cost of
building, staffing, and maintainingthe INPRES
school for 20 years. Yearly costs are estimated
using the following formula:
C(t) = rK + rTC + W(t) 1.25
where K is the total capital cost, TC is the total
training cost of new teachers, W(t) represents
the sum of teachers'salariesat date t, 1.25 is the
average ratio of total recurrentcosts over wage
costs, and r is the real interest rate (discount
rate). I present the cost-benefits analysis for
two differentassumptionsaboutthe deadweight
burdenof taxation (0.2 and 0.6).
Furtherassumptions are needed to compute
the yearly benefits of the program. First, an
important assumption is that the increase in
wages attributedto the programrepresents an
increase in the productivity of labor (and that
there is no general equilibrium effect on the
returnsto education). Second, I assume that the
effect on (working) women and on selfemployed people is the same as the effect on
men working for a wage. I also assume that the
share of total labor income going to people of
any given age is constant across years and is
equal to the share of total wages going to this
cohort in 1995 (which I can calculate from my
data). Thus, I estimate the benefit of the program at date t, for a cohort c using the following formula:
B(c, t)

oaGDP(t)S(c, t)E(c)

where a is the share of labor in GDP, S(c, t) is
the fractionof total wages earnedby cohort c in
year t, and E(c) is the estimatedaverage effect
of the programon cohort c. To obtain the total
benefits for each year, I take the sum of these
benefits over all cohorts.
The relevantvariablefor the cost-benefit calculationis the discountedsum of net benefits.In
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Table 8, I present an evaluation of the program's returns for the first two specifications
estimatedin Table 4 and threedifferentassumptions about the projected growth rate of GDP
from 1996 to 2050. To evaluatethe contribution
of economic growth to the benefits of the program, I also present these results with the assumptionthatIndonesia'sGDP grew at a rate of
2 percent annually from 1973 to 2050.
The cost-benefits analysis is sensitive to the
specification chosen for the estimation of the
program effect and to the assumptions about
future growth rates in Indonesia. Nevertheless,
three main points emerge from this analysis.
First, a school construction program takes a
very long time to generate positive returns
(because the costs are incurred early on,
whereas the benefits are spread over a generation). Second, the returns generated are large.
The internalrates of returnrangefrom 8.8 to 12
percent, well above the average interestrate on
governmentdebt in Indonesiaduringthe period.
Third, the benefits are, to a large extent, driven
by the rapid growth of Indonesia's GDP from
1973 to 1997 (which results from the fact that
each year's benefits are a fractionof that year's
GDP). If the growth rate had been very low
from 1973 until today, the net present value of
the programwould actually have been slightly
negative, accordingto all specificationsbut one.
Investing in education is much more valuable,
from a governmentpoint of view, if it expects a
fast subsequentgrowth.
VI. Conclusion
The INPRES programled to an increase in
educational attainmentin Indonesia. On average, the estimates indicate that the programled
to an increaseof 0.25 to 0.40 years of education
(0.12 to 0.19 years for each new school built per
1,000 children),and increasedby 12 percentthe
probability that an affected child would complete primaryschool. The estimatesalso suggest
that the programled to an increase of 3 to 5.4
percent in wages.
Combiningthe effect of the programon years
of schooling and wages generates 2SLS estimates of economic returnsto educationranging
from 6.8 to 10.6 percent.These 2SLS estimates
are close to and not significantlydifferentfrom
the OLS estimates. Therefore, these estimates
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TABLE8-EVALUATION
OFTHEPROGRAM'S
NETRETURN
Deadweight loss coefficient
0.2

0.6

(1)

(2)

(3)

(4)

Panel A: Results
Control for year of birth*enrollmentrate

No

Yes

No

Yes

First year where benefit > costs (discount rate = 5 percent)
In annual value
In discounted sum

1996
2005

1996
2002

1997
2009

1997
2005

Discounted sum of net benefits in 2050 (growth rate after 1997 = 5 percent, discount rate 5 percent)
In million 1990 U.S.$
13,025
13,096
11,340
As a fraction of Indonesia's GDP in 1973
0.30
0.36
0.31
Divided by initial costs
24.2
24.1
21.0

18,807
0.52
35.0

Discounted sum of net benefits in 2050 (growth rate after 1997 = 2 percent, discount rate 5 percent)
In million 1990 U.S.$
6,691
11,589
5,008
As a fraction of Indonesia's GDP in 1973
0.32
0.18
0.14
Divided by initial costs
21.4
12.4
9.26

9,905
0.27
18.3

Discounted sum of net benefits in 2050 (growth rate from 1973 = 2 percent, discount rate 5 percent)
In million 1990 U.S.$
-631.6
1,200
-2,315
As a fraction of Indonesia's GDP in 1973
-0.017
0.033
-0.063
Divided by initial costs
2.22
-1.16
-4.28

-483
-0.013
-0.89

Intemal rate of returna
Growth rate after 1997 = 5 percent
Growth rate after 1997 = 2 percent
Growth rate from 1973 = 2 percent

0.102
0.088
0.0443

0.105
0.0915
0.0467

Panel B: Assumptionsand Parameters
Populationgrowth rate after 1997
Yearly teacher's salary in 1973 (1990 U.S. dollars)
Yearly teacher's salary in 1995 (1990 U.S. dollars)
Total recurrentcosts/teacher salary
Total cost of construction(million 1990 U.S. dollars)
Number of schools constructed
Lifetime of the schools (years)
Share of labor income in GDP

0.015
363
2,467
1.25
522
61,800
20
0.7

0.118
0.106
0.059

0.0895
0.0750
0.0326

Notes: The estimates underlyingthese calculationsare takenfrom Table 5 [columns (7) and (8)]. Programeffect has been set
to 0 for children aged 7 or older in 1974.
a The internalrate of returnis the interest rate such that the net present value of the project at infinity is 0.

do not supportthe view that OLS estimates of
returnsto educationin developing countriesare
biased upwardas a result of omitted family and
community background variables, which has
been arguedby Behrman(1990), among others.
Nor do they conform to most studies in industrialized countries,which obtain higher IV estimates than OLS estimates [see surveys in Orley
Ashenfelter et al. (1999) and Card (1999)].
Both the OLS estimates and the 2SLS estimates are similarto most estimates reportedfor
developed countries,but smaller than estimates
reportedin Psacharopoulos(1994) for develop-

ing economies. A number of specification
checks supportthe causal interpretationof these
estimates of the effect of the INPRES program.
However, they need not generalizeto othercontexts. First, the emphasis on educationin Indonesia at the time of the program created a
context particularly favorable to its success.
Second, the programwas large and could have
had generalequilibriumeffects on the returnsto
education. Since the returns to education are
estimated for 1995, in an environment where
the educationlevels were higher than when the
program began, individuals' returns may be
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lower than they would be in other developing
countries.Finally, if returnsto educationare not
constant, the 2SLS estimates are a weighted
average of the returnsto education for people
who are affected by the instruments (Angrist
and Imbens, 1995). The INPRES program induced variationonly at the primaryschool level.
Returnsto secondary education may be different. In particular,flexible OLS specifications
allowing the returnsto educationto vary by year
suggest thatreturnsto educationmay be convex
in developing countries (Strauss and Thomas,
1995). Moreover, individuals whose education
level changed because of the programmay expelience returns to education that differ from
the population average. On one hand, those
affected children likely belong to the poorest
segment of the population because they were
preventedfrom attendingschool by the lack of
infrastructure.On the other hand, they took
advantageof the opportunityonce it arose. It is
conceivable that only individualswith high expected returnschose to do so.
The findings reported here are important
because they show that an unusuallylarge government-administered
interventionwas effective
in increasingboth educationand wages in Indonesia.This interventionwas meantto increasethe
quantityof education.It is sometimesfearedthat
the deteriorationin the qualityof educationthat
mightresultfrom this type of programcould offset any gain in quantity.However,the estimates
reportedhere suggestthatthe programwas effective in increasingnot only educationlevels but
also wages. This suggeststhatthe combinedeffect
of qualityand quantitychangesin educationwas
an increasein humancapital.
This study concentrated on estimating the
privatereturnsto education.This large increase
in the educationof the young cohorts,however,
may have had a broaderimpact on the Indonesian economy. How did the economy adjustto a
shock in the supply of educated workers?
Studying these effects will be the object of
future work.
REFERENCES
Ahn, Hyungtaikand Powell, James L. "SemiparametricEstimationof Censored Selection
Models with a Nonparametric Selection
Mechanism."Journal of Econometrics, July

SEPTEMBER2001

1993, 58(1-2), pp. 3-29.
Angrist, Joshua D. "The Economic Returns to

Schooling in the West Bank and Gaza Strip."
American Economic Review, December
1995, 85(5), pp. 1065-87.
Angrist, Joshua D. and Imbens, Guido W. "Two

Stage Least Squares Estimation of Average
Causal Effects in Models with Variable
TreatmentIntensity."Journal of the American Statistical Association, June 1995,
90(430), pp. 431-42.
Ashenfelter, Orley; Harmon, Colm P. and Oost-

erbeek,Hessel."A Review of Estimatesof the
Schooling/Earnings Relationship." Labor
Economics, November 1999, 6(4), pp. 45370.
Behrman, Jere R. "The Action of Human Resources and Poverty on One Another: What
We Have Yet to Learn."World Bank Living
StandardsMeasurementStudies WorkingPaper No. 74, 1990.
Card, David. "The Causal Effect of Education
on Earnings,"in Orley Ashenfelterand David
Card, eds., Handbook of labor economics.
Amsterdam:North-Holland,1999, pp. 180263.
Card, David and Krueger, Alan. "Does School
QualityMatter?Returnsto Educationand the
Characteristics of Public Schools in the
United States." Journal of Political Economy, February1992, 100(1), pp. 1-40.
Card, David and Lemieux, Thomas. "Earnings,

Education and the Canadian GI Bill." National Bureau of Economic Research (Cambridge, MA) Working Paper No. 6718,
September 1998.
Daroesman, Ruth. "Finance of Education."
Bulletin of Indonesian Economic Studies,
December 1971, Pts. 1 and 2, 7(3), pp.
61-95.
Duflo, Esther. "Schooling and Labor Market
Consequences of School Constructionin Indonesia: Evidence from an Unusual Policy
Experiment."National Bureau of Economic
Research (Cambridge,MA) Working Paper
No. 7860, August 2000.
Heckman, James J. and Hotz, V. Joseph. "Choosing Among Alternative Non Experimental
Methods for Estimatingthe Impact of Social
Programs:The Case of ManpowerTraining."
Journal of the American Statistical Association, December 1989, 84(408), pp. 862-74.

VOL.91 NO. 4

IN INDONESIA
DUFLO: CONSEOUENCESOF SCHOOLCONSTRUCTION

Psacharopoulos, George. "Returnsto Investments

in Education:A GlobalUpdate."WorldDevelopment,September1994, 22(9), pp. 1325-43.
Rosenzweig, Mark R. and Wolpin, Kenneth I.

"Migration Selectivity and the Effects of
Public Programs."Journal of Public Economics, December 1988, 37(3), pp. 265-89.
Strauss, John and Thomas, Duncan. "HumanRe-

813

sources: Empirical Modeling of Household
and Family Decisions," in Jere Behrmanand
T. N. Srinivasan,eds., Handbookof development economics. Amsterdam:North-Holland,
1995, 3A(9), pp. 1885-2023.
World Bank. "Indonesia: Strategy for a Sustained Reduction in Poverty." Washington,
DC: World Bank CountryStudy, 1990.

