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Abstract

This paper studies the medium run consequences of an increase in the rate of accumulation

of human capital in a developing country. From 1974 to 1978, the Indonesian government

built over 61,000 primary schools. The program led to an increase in education among

individuals who were young enough to attend primary school after 1974, but not among

the older cohorts. 2SLS estimates suggest that an increase of 10 percentage points in the

proportion of primary school graduates in the labor force reduced the wages of the older

cohorts by 3.8% to 10% and increased their formal labor force participation by 4% to 7%. I

propose a two-sector model as a framework to interpret these findings. These results suggest

that physical capital did not adjust to the faster increase in human capital. This suggest

that adjustment to shocks is extremely slow in developing countries.

∗I thank participants at the conference “New Research on Education in Developing Countries” at the Center

for Research on Economic Development and Policy Reform of Stanford University for comments, and particular

to Hanan Jacoby for his discussion of the paper. I thank Lucia Breierova for excellent research assistance, Daron

Acemoglu, Abhijit Banerjee, Robert Barro, Ricardo Caballero, Michael Kremer, Emmanuel Saez and Jaume

Ventura for very helpful discussions, and Guido Lorenzoni for his insights about transitional dynamics.

1



1 Introduction

Evaluations of social programs in developing economies tend to focus on the short run, and

“partial equilibrium” effects of these programs, and do not try to assess their macroeconomic

consequences. Empirical studies of the determinants of economic growth form a largely indepen-

dent subfield, which uses predominantly cross-country data sets. This division is unfortunate.

While aggregate cross-country data is readily available and simple to use, it can lead to mislead-

ing conclusions, either because aggregate data is of poor quality (Krueger and Lindahl (1999)) or

because regressions are mis-specified (Banerjee and Duflo (2000)). Conversely, policy recommen-

dations based on “partial equilibrium” analysis can be misleading, if the “general equilibrium”

effects undo the direct effects of the policy (Heckman, Lochner and Taber (1998)).

Moreover, the aggregate response to large programs is of independent interest, and can be

a fruitful source of identification of macroeconomic relationships. In particular, large programs

are well identified shocks. Studying the economy’s aggregate response to these shocks is an

occasion to understand the process of adjustment. The adjustment of an economy to shocks

is the objective of macroeconomic studies of the “medium run” (Solow (2000)). In particular,

macroeconomists and labor economists have long been interested in labor supply shocks, such as

changes in cohort sizes (Welch (1979)), the level of education of the labor force (most notably,

Katz and Murphy (1992)), or adverse labor supply shocks in Europe (Blanchard (1997)). The

speed and efficiency of adjustment are important dimensions of the effects of a range of economic

policies. Trade policy analysis, for example, is often done assuming immediate adjustment of the

production decisions, which could be extremely misleading. The long term effects of economic

crises, as well as the appropriate policy response, are closely linked to whether they lead to

efficient or inefficient restructuring, which is linked to the ability of the economy to allocate

factors efficiently (Caballero and Hammour (2000)). Thus, studying the aggregate consequences

of large programs can inform economic policy beyond the specific program considered.

Most studies of the medium run consequences of labor supply shock focus on the U.S. or on
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Europe. Yet, the response of the economy to a shock is closely related to its market institutions.1

In developing countries, because market institutions (credit market, contractual enforcement,

labor market regulations) are less effective, one might expect the adjustment process to be

particularly sluggish. Caballero and Hammour (2000) argue that institutional failures, because

they lead to miss-allocation of resources and inefficiently slow restructuring, is at the root

of under-development. The evidence on medium term adjustment in developing countries is,

however, extremely limited.

This paper studies the effects on wages and on the allocation of the labor force across sectors

of a dramatic policy change which differentially affected different cohorts and different regions of

Indonesia. In 1973, the Indonesian government launched a major school construction program,

the Sekolah Dasar INPRES program. Between 1973-74 and 1978-79, more than 61,000 primary

schools were built. In earlier work (Duflo (2000)), I showed that the program had an impact

on the education and wages of the cohorts exposed to it. This paper studies the behavior of

wage rates and formal labor force participation of those who were not directly exposed to the

program, from 1986, 12 years after the school construction program was initiated (and when the

first generation exposed to the program just entered the labor force) to 1999. This is therefore

a study or the “medium” run aggregate effects of the program.

I first show that the program also led to faster increases in the fraction of primary school

graduates in the regions where it was more important, between 1986 and 1999. This increase

is strikingly similar to that which would have been predicted in the absence of any migration.

I then proceed to look at the effect of the program on the wages and the formal labor force

participation of the cohorts that did not directly benefit from it, because they were already out

of school when the program started. This allows us to look at the impact of the increase in

education on factor returns, for a population whose skill level is not affected. It turns out that

wages increased less rapidly from year to year in regions that received more schools. This holds
1See, Blanchard and Wolfers (1999) for a comparison of the reaction to the labor supply shocks in the 1970s

across European countries with different labor market institutions.
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even after controlling for the factors that determined the initial allocation, and may have caused

different growth trajectories across these regions.

Using interactions between the survey year and the number of INPRES schools per 1,000

children as instruments for the fraction of educated workers in the region therefore suggests a

negative effect of the proportion of primary school graduates on individual wages, keeping the

individuals’ own skill level constant. On the other hand, an increase in the fraction of educated

workers seems to cause an increase in the participation of both educated and non-educated

workers in the formal labor market. I propose a simple two sector model as a framework to

interpret these effects and their magnitude. Individuals can work either in the informal or in the

formal sector. In the informal sector, they are self employed and combined with land, a fixed

factor. In the formal sector, they are combined with capital, and earn a wage. The production

function in the formal sector exhibits constant returns to physical and human capital combined.

The fact that the increase in the share of educated workers led to a movement of workers from

the informal to the formal sector indicates that the elasticity of substitution between labor and

land in the informal sector is smaller than the elasticity of substitution between capital and labor

in the formal sector. The elasticity of the supply of capital with respect to the share of educated

labor determines the predicted effect of the program on wages in the model. I compare two polar

versions of the model. The benchmark version assumes costless adjustment of the capital stock.

In this case, in the period we study (1986 to 1999, 12 to 25 years after the program was initiated)

physical and human capital should grow at the same rate and there should be no relative fall

in wages in region where human capital grows faster. The second version, in contrast, compares

the empirical estimate I obtain to the parameters predicted by the model in the absence of any

adjustment of capital to the increase in education. These empirical estimates are close to what

this version of the model would predict. This suggest that physical capital did not adjust to the

regional differences in the rate of accumulation of human capital induced by the program.

The remainder of this paper is organized as follows. In section 2, I describe the INPRES

program and its effects on average education. In section 3, I discuss the identification of the
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effects of the average education on individual wages and derive the empirical specifications.

Section 4 presents the results. Section 5 presents the model which organizes and explains the

findings, and compare the estimates to what the two polar versions (costless adjustment of

capital or no adjustment of capital) of the model would predict.

2 The program and its effect on average education

2.1 The Sekolah Dasar INPRES program

In 1974, the Indonesian government initiated a large primary school construction program, the

Sekolah Dasar INPRES program. Between 1974 and 1978, 61,807 new buildings were con-

structed, which doubled the number of available schools per capita. More schools were put in

regions where initial enrollment rates were low, which caused important regional variations in

the intensity of the program. Using a large household survey conducted in 1995 (the SUPAS

1995) linked to the number of schools constructed in each individual’s region of birth, Duflo

(2000) showed that the growth in education between cohorts unexposed to the program and

cohorts exposed to the program was faster in regions that received more INPRES schools. This

difference can be attributed to the program with a reasonable level of confidence, because no

similar pattern is present if we compare cohorts that were not exposed to the program. In ad-

dition the program affected mostly primary school completion, whereas omitted factors would

have affected other levels of schooling as well. This pattern is summarized in figure 1, repro-

duced from Duflo (2000). Each point on the solid line summarizes the effect one more school

built per 1,000 children had on the average education of children born in each cohort.2 Children

in Indonesia normally go to primary school until age 12 (although delay at school entry and

repetition are not uncommon), therefore one would expect the effect of the program to be 0 for

children who reached 12 before 1974, when the first schools were built, and to be progressively
2These are the coefficients obtained by regressing years of education on the the interactions between the number

of schools built per capita in the individual’s region of birth and year of birth dummies, after controlling for year

and region of birth fixed effects.
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increasing. This is exactly what the picture shows.

If migration flows were either small or not affected by the program, one would expect to see a

similar pattern when comparing the evolution of average education among adults over the years

in the different regions. As the generations exposed to the program enter the labor market, one

should see the average education (and in particular the fraction of primary school graduates)

increase faster in the regions that received more schools.

2.2 Data and empirical specification

The data for this paper comes from the annual Indonesian Labor Force Survey (SAKERNAS),

from 1986 to 1999. These surveys are repeated cross sections, of approximately 60,000 house-

holds. The surveys contain information on province and district of residence (but not of birth),

education level achieved, labor force participation, type of employment, number of hours worked

per week and wages for individuals who work for a wage. I restrict the sample to males aged 20

to 60, and I exclude Jakarta.3 Descriptive statistics are presented in table 1. The fraction of in-

dividuals born after 1962, and therefore theoretically exposed to the program, in the age groups

20-40 and 20-60, increases progressively over the years. I consider the proportion of primary

school graduates in each region in each year. There is a total of 3,826 district-year cells, with

an average of 287 individual observations in each cell in the full sample.4 All regressions are

performed on this aggregate data set, and each cell is weighted by the number of observations

used to construct it.

Consider comparing two regions in 1986 and 1999, one of which received a large number of

INPRES schools per capita, and the other one a small number of schools. The fraction of people

who were young enough to be exposed to the INPRES program is bigger in 1999 than in 1986.

We know that the gains in years of education of these younger cohorts, relative to the older

ones, were bigger in the regions that received more schools. If the effect of the program was

not undone by migration, one would expect the average education (in particular, the proportion
3Results do not depend on this exclusion.
4There are on average 185 observations per cell of individuals born before 1962, including 61 with wage data.
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of primary school graduates) to have grown faster between 1986 and 1999 in the region that

received the most schools. This suggests comparing the difference in educational attainments

between 1999 and 1986 in these two regions. More generally, this suggests that, if one runs a

regression of the difference between average educational attainment in 1999 and 1986 on the

number of schools per capita built in each region, one should see a positive coefficient. Clearly,

this reasoning also applies to any year-to-year difference.

In summary, this suggests the following specification:

Sjt = µt + νj +
1999∑
l=1987

(λl ∗ Pj)γ1l +
1999∑
l=1987

(λl ∗ Cj)δ1l + εjt (1)

where Sjt is the proportion of primary school graduates among adults in year t in region j, αt is

a survey year fixed effect and γj is a region fixed effect, Pj is the number of INPRES schools built

between 1974 and 1978 in region j, and λl is a survey year dummy (λl = 1 if t = l). Cj is a vector

of initial conditions that are introduced as control variables. In particular, it may be important

to control for the enrollment rate in 1971, since it was a determinant of the placement of the

program. Note that the first order effect of a higher enrollment rate in 1971 is a difference in level

of education, which should affect all cohorts, and all survey years identically, and therefore be

absorbed by the region fixed effect. Only a change in the rates at which children attend school

in a region will lead to a change in the rate at which average education increases from year

to year. Therefore, controlling for the enrollment rate in 1971, interacted with year dummies,

is important only to the extent that we think changes in enrollment rates are correlated with

levels. I also control for the number of children in 1971.

2.3 Results

Since the generations exposed to the program have already started entering the sample in 1986,

one would expect all the coefficients of the interaction between program intensity and survey year

dummies to be positive and increasing. Columns 1, 2, 4 and 5 in table 2show these coefficients

for the specification which includes enrollment rates as a control, for adults aged 20 to 40 and
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for adults aged 20 to 60, in the whole sample and in a sample which excludes urban regions.5

The fraction of “young” (or exposed) people among individuals aged 20 to 40 increases faster

than among those aged 20 to 60, and one would expect the coefficients to be larger and more

significant in the former group. The group of individuals aged 20 to 60, however, corresponds

better to “the labor market”, and will therefore be important in the second stage of this analysis.

The coefficients are increasing for both groups, they are jointly significant, and, as expected,

they are larger in the group aged 20 to 40. They become individually significant from 1991 in

the 20-40 group and from 1996 in the 20-60 group.

This pattern could have been caused by other factors than the increase in education due to

INPRES, for example by migration of educated workers into regions that received more INPRES

schools. If we are data from earlier years, it would be possible to use “pre-program” data to test

the identification assumption that the increase in education levels over time would not have been

systematically different in regions where a different number of schools were built, even in the

absence of the program. No comparable survey was realized before 1986. However, if the pattern

was due to something else than the effect of the program on education, one would see a faster

increase in the education over the years, even in the subsample of those who were not exposed

to the program (individuals born in 1962 or before). To check this, I estimated a specification

similar to equation 1, with the fraction of primary school graduates among individuals born in

1962 or before as the dependent variable. The coefficients are presented in columns 3 and 6 in

table 3. Figure 2 gives a graphical summary of these estimates: It shows the coefficients (and

their confidence intervals) for the entire group aged 20 to 40, and for the group of individuals

born before 1962. There is no systematic increase among the group who was born before 1962.

The coefficients in the two equations are significantly different from each other. This indicates

that the increase in average education likely to be due to the program, rather than to other

factors.
5The specification without enrollment rates as a control is very similar, and is therefore omitted.
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2.4 Does migration undo the effect of local infrastructure development?

The results in the previous section already suggest a partial answer to this question. Since the

program affected the average education of adults, it indicates that its effects were not totally

undone by migration. We can, however, make this result more precise by comparing the effect

the program should have had, in the absence of any off-setting effect of migration, with the effect

it had in reality. The results from this exercise are important in the context of an increasing focus

on decentralization, notably in Indonesia. If local governments consider that their communities

are not getting any benefits from investment in education because educated people migrate

(with their human capital), decentralization of school finance may lead the public financing of

education to decline.6

To get at this question, I first estimated the effect of the number of INPRES schools con-

structed per capita in an individual’s region of birth on the probability that an individual

completed primary school, for each cohort. To this end, I used the SUPAS 1995 data, which

contains the individual’s region of birth. I regressed a dummy indicating whether an individual

completed primary school on a set of region of birth fixed effects, cohort of birth fixed effects,

and interactions between the number of schools constructed in one’s region of birth and year

of birth dummies. The equation estimated is identical to equation (11) in Duflo (2000), except

that it used the primary school completion as the dependent variable. Denote the estimated

effect of the program on the cohort born in year k as π̂k. I used the 1995 data to compute the

proportion of primary school graduates among those aged 20 to 40 in each year (from 1986 to

1999) born in each region before 1962. Denote this average by S̃oj . For each survey year t and

year of birth k, denote by φkt the share of those aged 20 to 40 who were born in year k.7 We

can then compute the proportion of primary school graduates predicted by the program in each

region and each year as:
6Bound, Kzedi and Turner (2000) ask the same question for college education in the U.S.
7All the individuals who are born in 1962 or before are in the same cohort k.
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S̃jt = S̃oj + Pj

(
t−20∑
k=1962

π̂kφkt

)
(2)

Note that this predicted value does not contain any information specific both to the region

and the year considered. There is therefore no source of mechanical relationship between S̃jt

and Sjt. The first observation is that S̃jt and Sjt are strongly correlated. The regression of the

actual share of primary school graduates on the predicted share leads to a coefficient of 0.84,

with a t. statistic of 77). This, however, is not very informative, because a large part of this

correlation is driven by those born before 1962, and would therefore still be there even if all the

educated young had migrated out of the high program regions. The following experiment is more

informative. I run the same specification as in equation 1, but I use as the dependent variable

the predicted education, S̃jt. These coefficients indicate how the average education of adults

would have been affected in each region in the absence of any offsetting effect of migration. The

coefficients γ1l obtained in this specification are plotted in figure 3, along with the coefficients

obtained when estimating equation 1 with the actual average as the dependent variable. The

two sets of coefficients are surprisingly close to each other. In particular, there is no evidence

that the predicted effect is bigger than the actual effect.

These results are consistent with other evidence suggesting that migration flows were fairly

limited in Indonesia (before the crisis). In 1995, if one excludes Jakarta, 12% of individuals in

the SUPAS sample did not live in their province of birth, and 24% did not live in their district

of birth (17% if one excludes the urban regions).

3 Identifying the effect of a change in average education

3.1 Conceptual framework

Consider an economy with two sectors. Assume that there are only two types of workers,

educated (with a primary education or more) and uneducated (no primary education). Assume

that the formal sector employs educated labor, uneducated labor and capital, and the informal
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sector employs educated and uneducated labor and land.8 Individuals are self-employed in the

informal sector, and receive a wage in the formal sector. Consistent with Harris and Todaro

(1970) and other dual economy models of development, we view the potential of growth of the

informal sector limited while the economic growth happens as the formal sector expands. This

is reflected in the assumption that land is a fixed factor. The share of the labor force employed

in the formal sector and their wages are the two variables of interest.

The production functions in the formal and informal sectors are given by f(AF , EF , UF ,K)

and g(AI , EI , UI , T ) respectively, where K and T are the stock of land and capital respectively,

EF and UF denote educated and uneducated labor employed in the formal sector, respectively,

EI and UI denote educated and uneducated labor employed in the informal sector, and AF and

AE are“productivity” parameters. We will treat the total population as a constant (nothing is

affected by allowing steady population growth). The wages, as well as the fraction of educated

and uneducated workers who are working in each sector, are determined jointly in equilibrium,

as a function of the number of educated and uneducated workers (in the economy as a whole),

the stock of capital, the stock of land, and the parameters AF and AE .

Normalizing the entire labor force to 1, and denoting S the share of educated workers, we can

therefore write the wage and formal employment functions as:9 ln(wE) = φE(AF , AI ,K(S), S, T ),

ln(wu) = φU (AF , AI ,K(S), S, T ), EF = ψE(AF , AI ,K(S), S, T ), and UF = ψU (AF , AI ,K(S), S, T ).

K is explicitly written as a function of S, to reflect the fact that a change in the proportion

of educated workers has a direct effect (the effect of the share of educated workers on the wage),

and an indirect effect due to the accumulation of physical capital in response to this increase.

The elasticity of physical capital with respect to the share of educated labor is an empirical

question: In the long run, one might expect the physical capital to adjust to a change in the

fraction of educated workers, while in the very short run, adjustment will be much more limited.

In the “medium run”, the speed of adjustment of the capital stock will depend on the flexibility
8We could allow land and capital to present in both sectors, but we would have to model migration of capital

and land between sector, for which we have little data.
9Writing the wage function directly in logarithm, for convenience.
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of the production function and the availability of finance for the installation of new capital.

Consider a Taylor expansion of the wage function around S = 0.

φs(AFt, AIt,Kt(St), St, Tt) ' φs(AFt, AIt,Kt(St = 0), St = 0, Tt) + St
∂φs
∂S

+ St
∂K

∂S

∂φs
∂K

.

Denoting Kt(St = 0) by K̃t, this can be rewritten:

ln(wst) = (
∂φs
∂S

+
∂K

∂S

∂φs
∂K

)St + φ1s(AFt, AIt, K̃t, Tt)

We, therefore, seek to estimate the coefficient αs in the expression:

ln(wst) ' αsSt + φ1s(AFt, AIt, K̃t, Tt) (3)

In this expression, αs reflects the direct effect of S on the wage, as well as any indirect effect

due to the response of the stock of physical capital to the stock of human capital. The sign of

αs is not determined a priori. If capital adjusts slowly, or if there are diminishing returns to

capital and labor combined, αs will tend to be negative, reflecting the fact that the increase in

the share of educated workers increase the quantity of labor (measured in efficiency units). If

capital adjust rapidly and there is no fixed factor, αs would be equal to zero, and even positive

in the presence of external effect of education (as in Lucas (1988)) or if an increase in the

share of educated workers let to an more than offsetting increase in the stock of physical capital

(Acemoglu (1996)).

Consider running a regression of the wage of the uneducated workers on the share of educated

workers in the economy, without controlling for the stock of capital. Clearly, if there is any

correlation between the level of capital (and the productivity of the formal and informal sector)

and the share of educated people, this relationship will be biased. Since this is likely to be the

case, coefficients obtained in such a regression cannot really be interpreted.

Since there are many regions and years, instead we could compare wage growth across regions.

Using equation 3, the growth of the log wage between two periods is given by:

ln(wst)− ln(wst−1) ' αs(St−St−1) +φ1s(AFt, AIt, K̃t, Tt)−φ1s(AFt−1, AIt−1, K̃t−1, Tt−1) (4)
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If we estimate this relationship using an OLS regression, and we omit the term φ1s(AFt, AIt, K̃t, Tt)−

φ1s(AFt−1, AIt−1, K̃t−1, Tt−1), the coefficient αs will be biased if there is a correlation between

physical capital accumulation and human capital accumulation. In almost any model of human

and physical capital accumulation based upon individual maximization, the increase in the share

of educated workers and the rate of physical capital accumulation will be related: in particular,

both are determined by the discount rate in the economy. In order to estimate the parameter

αs consistently, we therefore need an instrument, correlated with the increase in the share of

educated workers, but not with the evolution in the other factors in the economy.10

A potential instrument for (St − St−1) in our setting is the number of primary schools con-

structed by the INPRES program. To understand how the instrument works and its limitations,

suppose first that the government allocated the schools randomly. Each school reduces the ef-

fective cost of schooling, and therefore increases the enrollment rate among all the future young

generations (but not that of the old generations). The increase in the number of schools com-

bined with the fact that the young generations progressively enter the labor market starting

in the late 1980’s changes the rate of growth of S over time. The modification in the rate of

growth is a function of the number of schools built, which suggests that if the schools had been

allocated randomly, the number of INPRES schools would form an ideal instrument.

In practice, however, the government allocated more schools in regions where enrollment

rates at the primary school level were lower. The evidence presented in this paper and in Duflo

(2000) suggests that the rate of growth of human capital was not systematically correlated with

the program before it was initiated. Nevertheless, the level of the program will not be a valid

instrument for (St − St−1) if it is correlated with the rate of capital accumulation. This would

happen if educational attainments in 1971 were correlated with capital accumulation between

1986 to 1999. Regions with a lower level of educational attainment tend to be poorer, and
10For example, Moretti (1999), proposed to instrument for (St − St−1) with the share of young people in the

base year, on the ground that education will grow faster in regions which have more young people. The problem

remains, however, that the share of young people in the base year is very likely to influence physical capital

accumulation as well.

12



could therefore have been growing faster, if there had been a tendency for Indonesian regions to

converge. In practice, Indonesian provinces exhibited very little convergence in gross provincial

product per capita until 1996 (Hill (1996)). Nevertheless, to control for possible convergence,

we will control for enrollment rate in 1971, and, in one specification, for the level of wage in the

base year. We will also present the results in the rural sample separately, and omit the years

1998 and 1999 to allow for the fact that the Indonesian crisis hit wages in richer regions, and

in particular cities, much more than poorer and more rural areas (Frankenberg, Thomas and

Beegle (1999)), causing some convergence of wage rates between regions.

3.2 Empirical specifications

The wage of individual i observed in region j in year t is given by:

ln(wijt) = Si(ln(wEjt)− ln(wUjt)) + ln(wUjt) + υijt, (5)

where Si is a dummy indicating whether the individual has graduated from primary school. The

error term υijt reflects all the other factors that determine wage, besides individual and average

education.

Substituting the expression for ln(wEjt) from equation 3 and including all the variables

which we do not measure in the error term, we obtain a relationship between individual wage,

individual education level, and regional human capital in the region at date t.

ln(wijt) = Sibjt + αUSjt + εjt + µt + νj + υijt, (6)

where bjt = (ln(wEjt−ln(wUjt)) (this is the skill premium), and µt+νj+εjt = φ1U (AFjt, AIjt, K̃jt, Tj))

As we have seen, estimating this equation by OLS (treating bjt as a random coefficient)

could be very misleading, because of the correlation between εjt,µt or νj and Sjt. In addition,

Acemoglu and Angrist (1999) show that, even if there is no omitted region level variable, the

OLS estimate of αU will be a biased estimate of the effect of Sjt on ln(wijt) if the estimate

of bjt is biased for any reason (such as measurement error in the education variable, or the
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endogeneity of education). They propose to instrument for both Si and Sjt. Alternatively, one

could insrument Sjt with a variable that does not affect Si, the individual education, which is

the approach we take here.

The nature of the INPRES program suggests the instrumental variable strategy. All indi-

viduals who were born in 1962 or before were not affected by the program (we have verified

in the previous section that the average education in this group did not grow faster from year

to year in the regions that received more INPRES schools). On the other hand, the program

affected the average education by affecting the education of those born after 1962. Therefore,

the intensity of the INPRES program is a potential instrument for the average education which

does not affect individual education, if we restrict the sample to those born before 1962.

To derive the empirical specification, take the average of equation 6 for all individuals born

before 1962:

ln(wijt) = Sjtobjt + SjtαU + µt + µj + υijt, (7)

where Sjto is the proportion of primary school graduates among the old in year t in region j. If

we take the first difference of this equation and rearrange the terms, we obtain:

ln(wijt)−ln(wijt−1) = (Sjto−Sjt−1o)bjt−1+Sjt−1o(bjt−bjt−1)+(Sjt−Sjt−1)αU+µt+νj+εjt+υijt

The evolution of the skill premium (bjt − bjt−1) is itself a function of the evolution in the

number of educated workers in the region, so that the effect of the evolution of primary school

graduates on the average wages of the individual born before 1962 is finally given by the expres-

sion:

ln(wijt)− ln(wijt−1) = (Sjt − Sjt−1)α+ µ′t + ν ′j + ε′jt + υijt, (8)

Subject to the caveats discussed in the previous sub-section, we can use the number of

INPRES schools (Pj) as an instrument for Sjt − Sjt−1 in equation 8, possibly after controlling
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for variables such as the enrollment rate and the wage in 1986 (a vector Cj). We have verified

that Pj is uncorrelated with (Sjto − Sjt−1o), which is now included in the error term.

A joint test of the validity of the strategy and the seriousness of the problem suggested by

Acemoglu and Angrist (1999) is to use as dependent variable the average of the residual of a

regression of individual wages on individual education. If this equation is correctly specified, it

should lead to the similar, but more precise estimate (since (Sjto − Sjt−1o) will not be part of

the error term any more).

Thus the reduced form with two years of data would be written:

ln(wjt)− ln(wjt−1) = µt + γ2Pj + δ2Cj + ξjt

This equation can be generalized to incorporate all available years, leading to a reduced form

equation similar to equation 1:

lnwjt = µt + νj +
1999∑
l=1987

(λl ∗ Pj)γ2l +
1999∑
l=1987

(λl ∗ Cj)δ2l + εjt, (9)

where µt and γj are year and region fixed effects, respectively.

Equations 1 and 9 form respectively the first stage and the reduced form of an instrumental

variables strategy to estimate equation 7.

The same reasoning applies to formal labor force participation, and the same specification

can be run with formal labor force participation instead of wages. Finally we can also estimate

equations similar to equation 7, using the average skill premium as dependent variable.

4 Results

Summary statistics for the sample of people born before 1962, and aged 60 or less in the survey

year) are presented in table 3. The proportion of primary school graduates among them increased

from 59% to 74% between 1986 and 1989 (this reflects the fact that individuals present in the

sample belong to later cohorts in later years). We use as an indicator of formal employment the

fact that someone receives a wage. This fraction is a little over 30%. The average wage, in real
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term, increased by about 50% between 1986 and 1997, and decline by 22% between 1997 and

1999.

4.1 Reduced form results

The reduced form results (the estimates of the coefficients γ2l in equation 9) are presented in table

4 and in figures 4A and 4B. These two figures summarize the reduced form effects on wages and

on formal employment. Although none of these coefficients is individually significantly different

from zero, the reduced form coefficients in the wage equation are declining (in contrast to the

coefficients of average education, which are increasing). The reduced form coefficients on the

probability of working for a wage are increasing. In the sample that includes both urban and

rural areas, the coefficients increase from 1997 to 1999, which probably reflects the differential

impact of the crisis. In the rural sample, they are monotonically declining.

4.2 The effects of average education on wage rates

The main sample for the analysis is all the individuals aged 20 to 60 who were born before 1962.11

I will consider two independent variables. First, the fraction of primary school graduates in the

sample aged 20 to 60 (a reasonable approximation of the average education in the labor market);

second, the fraction of primary school graduates among the 20-40 sample. The INPRES program

directly affected the latter (since the older affected people were 37 in 1999). The former was

affected as a consequence: Focusing on the 20-40 variable puts more accent on the source of

identification.12 The results presented here focus on the share of primary school graduates

among males. Using instead the share of primary school graduates among males and females

combined leads to almost identical results.
11It means that when we change year, there is both a cohort effect and an age effect. I have run all the

specifications in a sample which maintains a constant cohort composition, and the results were very similar.
12In addition, the first stage is stronger for this variable, which minimizes the problems that can arise from

using weakly correlated instruments. One would expect the results with the 20-60 average to be a scaled up

version of the results obtained with the 20-40 average.
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Table 5 presents OLS estimates for equation 7, where the dependent variable is the average

wage and the average of the residual wage (after controlling for individual education and age).

The first panel does not include region fixed effects, while the second one does. As expected,

results obtained from specifications that do not control for individual education are bigger.

They lump together the “social” and the “private” returns. We should, therefore, focus on the

coefficients of average education in the wage residual equation. The difference between the first

and the second panel illustrates the remark we made in the previous section: the OLS estimates

are much bigger than the corresponding fixed effects estimates, which suggests that they are

very strongly upward biased: educational attainments are higher in regions where wages are

higher, but this is as likely to come from a relationship running from income to education as

from the opposite relationship.13 The OLS results are all positive and significant, while the

OLS results with fixed effect are positive, but significant only in the specification that has the

proportion of primary school graduates among those aged 20 to 60 as the dependent variable.

These point estimates suggest small positive effects: an increase of 10 percentage points in the

share of primary school graduates among those aged 20 to 60 is associated with an increase of

0.8% in the wages, after controlling for individual education. These coefficients are less than

one tenth of those estimated by Moretti (1999) for the impact of the share of college graduates

in the US.

Table 6 presents the instrumental variables results. The results are presented for the entire

sample, and for a sample that excludes the years 1998 and 1999, since the crisis hit different

regions differently. The first line of each panel presents the results on wages. In the full sample,

the estimates become more negative when the crisis years are taken out. It does not affect the

estimates in the rural areas. The second line presents the results using the residual wages as the
13There are many reasons, besides those emphasized here, which would lead OLS coefficient to be biased

upwards. First, there may be wealth effect in education: Glewwe and Jacoby (2000) find important wealth effect

in Vietnam. Second, with economic growth, expected returns to education improve, and this may lead to a

higher demand for education (see Foster and Rosenzweig (1996) for micro-economic evidence of the Indian green

revolution, and Bils and Klenow (1998) for a re-interpretation of the cross-country evidence along these lines.
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dependent variable. The estimates obtained using the residual wage or the actual wages as the

dependent variable are very similar, which is reassuring: Since the INPRES instruments affects

only average education, and not individual education, controlling for individual education should

not affect the estimate, which is what we find here. The estimates using the residual wage are

somewhat more precise. They suggest that an increase of 10 percentage points in the share of

primary school graduates among the 20 to 60 year olds led to a decrease of 3.8% in wages in

the full sample, and to a decrease of 9.9 % in the sample of rural areas. Without using the last

two years of data, the coefficients are respectively -4.3% and -9%. The negative coefficients are

significant (at the 10% level) in the rural sample only.

If we focus on the share of primary school graduates among the 20 to 40 year olds (for which

the first stage has more power), the story is the same: an increase of 10 percentage points in

the share of primary school graduates leads to a decrease of 2.9 % in the wage of the old in the

full sample, and to a decrease of 6.3% in the rural sample, and the number is significant (at 5%

level) in the rural sample.

The third line controls for the wage in 1986 interacted with the year dummies (to account

for the rates at which wages in these regions would have grown in the absence of the program).

The coefficients become more negative in the combined sample, and stay essentially the same

in the rural sample. This suggests that there was some convergence between rural and urban

areas, but not within different rural areas.

4.3 Skill premium

The fourth line in panel A and B of table 5 presents the results of estimating by OLS (with and

without region dummies) an equation similar to equation 7, but where the dependent variable is

the difference between the average wages of educated and uneducated workers. Without region

dummies, the estimate is negative, large (around -0.45), and significant. With region dummies,

the estimates are negative, but much smaller (around -0.09) and insignificant. OLS seems again

to be biased upwards (in absolute value).
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The fourth line in panels A and B of table 6 presents the instrumental variables estimates

of the same equation. The IV estimates of the effect of the share of primary school graduates

on the primary education premium are either negative or positive, and always insignificant.

The education premium does not seem to have been affected by the increase in the number of

primary school graduates. It suggests that, in at least one sector of the economy, educated and

uneducated workers are close substitutes.

4.4 Formal labor force participation

The fifth line in panels A and B of table 6 presents the instrumental variables results for formal

labor force participation (corresponding OLS results are presented in table 5). The dependent

variable is the fraction of people who work for a wage. The 2SLS estimates suggest that there is a

strong positive effect of the fraction of primary school graduates on the probability that someone

works for a wage. In the rural and urban sample combined, a 10% increase in the proportion of

primary school graduates among the 20 to 40 year old leads to a 4.5% increase in the probability

of working for a wage. A 10% increase in the proportion of primary school graduates among

the 20 to 60 year old leads to a 6.6% to 7.5% increase. The coefficients are significant in all of

the specifications, and are very similar across specifications. This result invites two directions

of exploration. First, is it real? Second, how does it affect the interpretation of the previous

results on wages?

To check for the possibility that this pattern is due to mean reversion, I controlled for the

initial level of participation interacted with year dummies.14 The coefficients decrease somewhat

(the point estimate drops from 0.66 to .45 for the 20-60 year old education in the combined

sample, for example), but they remain large and significant.

Does this result affect the validity of the 2SLS results on wages? In principle, it could, since

the probability of selection in the sample is affected by the instruments. In particular, one can
14In practice, the program intensity is not strongly correlated with the fraction of individual who work for a

wage
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imagine a situation where the program pushed the “marginal” self-employed into the formal

labor force, and these marginal employees receive a lower wage. Moreover, new entrants into

the labor force have less experience, which should lower their wages. To assess this hypothesis,

I examined whether the program affected the ratio of the income of wage earners to that of

non-wage earners. I used the incomes modules from the SUSENAS from 1987 and 1993 and

computed the ratio of the income of self employed to the income of wage earners. The ratio

is very stable between 1987 and 1993: self-employed earn 17.85% less than employed in 1987,

and 18.5% less in 1993. I then regressed the difference in the log of this ratio on the level of

the program, and found no relationship (the coefficient of the INPRES program is -0.00055,

with a absolute t statistic of 0.130). The coefficient was very close to 0 for various levels of

participation: this indicates that it is not due to exactly offsetting reductions in the quality of

formal and informal labor force participants. A final piece of evidence is obtained by regressing

the education level of the individuals born before 1962 and who earn a wage on the interactions

between the program intensity and the survey year dummies: there is no distinct pattern in

this regression, which indicates that, along observable characteristics at least, the composition

of the formal labor force did not change as a result of the program. On balance, it therefore

appears that the relative wage loss of the old generation in regions where the program increased

the supply of primary school graduates cannot be attributed to a composition effect.

We can summarize the results from this section as follows. An increase in the share of the

educated workers leads to:

• A decline in the wage of older workers, whose level of education did not change. The

point estimate is large (as large as the skill premium itself, or even larger in rural areas),

although it is only marginally significant in most specifications.

• No change in the skill premium among older workers.

• An increase in the share of the labor force employed in the formal sector, among the old.

The point estimates are large (a 10% increase in the share of educated workers leads to
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an increase of at least 4% in the share of old workers employed in the formal sector) and

significant.

• No change in the difference between formal and informal sector earnings.

In the next section, we build a model which can explain these effects, and serve as a framework

to interpret their magnitude.

5 Model and interpretation

What do these results tell us about the the response of the economy to an increase in the

education of the labor force? In this section, I use a simple two-sector model as a framework

to interpret these effects and their magnitude. In the first subsection, I set up the model and

study the effect of education on wage and the allocation of labor across sectors, taking capital

as given. In the second subsection, I use this model to compare its prediction to the data. I

specify two polar cases for the accumulation of capital in the first case, there is no adjustment

cost. In the second case, physical capital accumulation does not adjust at all to the modification

in the rate of human capital accumulation. In this simple model, both assumptions have the

same implication for formal labor force participation, but very different implications for wage

rates.

Below, I provide some justification for the specific assumptions of the model.

The fact that the skill premium was not affected suggests that, at least in one sector, educated

and uneducated workers are very strong substitutes. Since in the formal sector, workers are

combined, while they are self employed in the informal sector (we can think about this sector as

small scale agriculture), we will take as a starting point that educated and uneducated workers

are perfect substitutes in the informal sector. Suppose that the informal sector combines land

and human capital, and the formal sector combines physical and human capital. The informal

sector is characterized by a downward sloping demand for effective units of labor, even in the

long run (because land is a fixed factor). In the formal sector, the slope of the labor demand
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depends on how capital adjusts to changes in the composition of the labor force. If capital does

not adjust to an increase in effective labor supply, labor demand will be downward sloping. It

would be flat if this increased led to an offsetting increase in the supply of capital, or even slope

up if there were technological externalities, or if faster capital accumulation more than offset

human capital accumulation (as in Acemoglu (1996)).

Consider a simple competitive model, where wages are equalized in the formal and informal

sector (for a given level of skill). Figure 5 illustrates the effect of the increase in educated workers

induced by the INPRES reform on uneducated old workers. The total number of old uneducated

workers and their allocation between the formal and the informal sector are depicted on the X

axis. The left Y axis presents the wage in the formal sector, and the right Y axis presents the

wage in the informal sector. The increase in the number of educated workers leads to a shift in

the labor supply expressed in efficiency unit, which is akin to a shift to the right of the labor

demand expressed in number of bodies in the informal sector, and a shift to the left in the

formal sector. If the labor demand in the formal sector is downward sloping, the effect on wages

is unambiguously negative. The effect of an increase in the number of educated workers on the

allocation of labor between formal and informal sector depends on the ratio of those elasticities

substitution between capital and labor in the formal sector and between land and labor in the

informal sector. Since we observe that the increase in the proportion of educated worker led

to a shift from the informal to the formal sector, it indicates that the elasticity of substitution

between labor and capital is bigger than the elasticity of substitution between labor and land.

We will capture this with the simplifying assumption that the informal sector uses a Leontieff

technology.

5.1 Model

This section builds a specific model along the lines we described above. We start by describing

the allocation of labor and the determination of wages, taking capital as given. In the second

subsection, we will compare the predictions of this model to the data, using two polar cases for
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the adjustment of capital to the increase of the share of educated workers: no adjustment cost,

or no adjustment whatsoever.

There is is a mass 1 of workers in the economy, out of which a fraction S are educated. There

are two sectors, an informal (small scale agriculture) and a formal sector (industry).

Suppose that the informal sector is characterized by a Leontieff production function in terms

of efficiency units:

YI = Min(T,HI),

Where HI is the number of efficiency units employed in the informal sector, and T is the

(normalized) amount of available land.

In addition, assume that educated and uneducated workers are perfect substitutes in the

informal sector:

HI = UI + hEI ,

where h is the relative efficiency of the educated workers. Land is distributed optimally between

educated and uneducated workers, and both earn their marginal productivity, so that the ratio

of the educated to the uneducated wage is h.

The production function in the formal sector is Cobb-Douglas in human and physical capital,

with constant returns to scale:

YF = AKαH1−α
F

Human capital is a Cobb-Douglas aggregate of educated and uneducated workers:

HF = EβFU
1−β
F

Wages in the formal sector are given by the marginal productivity of each factor:

wEF = (1− α)AKαH−αF βEβ−1
F U1−β

F ,

and

wUF = (1− α)AKαH−αF (1− β)EβFU
−β
F .
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In equilibrium, the ratio wEF
wUF

must be equal to h. Therefore the ratio of uneducated to

educated labor in the formal sector must satisfy the relationship:

UF
EF

= h
1− β
β

(10)

Together with the relationships EF + EI = S, UF + UI = 1 − S and hEI + UI = T , this

determines the employment of each category of workers in each sector:

EF =
β

h
[1 + S(h− 1)− T ] (11)

EI =
β

h
[T − 1− S(h− 1) +

h

β
S] (12)

UF = (1− β)[1 + S(h− 1)− T ] (13)

UI = T − β[T − 1− S(h− 1) +
h

β
S] (14)

The production in the formal sector can be expressed as a function of EF :

YF = AF

((
h

1− β
β

)1−β
)1−α

KαE1−α
F

The wage of an educated worker is therefore given by:

ln(wF ) = C + α ln(K)− α ln(EF ) , (15)

ln(wF ) = C ′ + α ln(K)− α ln(1 + S(h− 1)− T ) , (16)

where C and C ′ are functions of α, β, AF and h.

The same equations (with different C and C ′) describe the wage of an uneducated worker.

5.2 Calibration

5.2.1 Effect of education on formal employment

The ratio of educated to uneducated workers in the formal sector, divided by the skill premium,

should be constant, according to our model and allow us to calculate β. In fact, the ratio of the

24



number of uneducated workers to the number of educated workers is decreasing over time (table

1, column 5), while the skill premium is stable (table 1, column 6). The value of β obtained

from equation 10 is therefore increasing. This may reflect factors not taken into account, such

as the adoption of more skill-complementary technologies. The average value of β is 0.62.

Equation 11 and 13 indicate how formal and informal employment will respond to a change

in S. Suppose that all the newly educated workers are “born” into the informal sector, and

that new and old workers shift from the informal to the formal sector to restore the correct

proportion EF and UF . When S increases by 1%, the probability that an educated worker born

before 1962 will be employed in the formal sector increases by β
h

(h−1)
So

, and the probability that

an uneducated worker born before 1962 will be employed in the informal sector increases by

(1− β) (h−1)
1−So , where So is the share of educated among the old.

Values of the parameters β, h and So are shown in table 1 and 2. The average value of h− 1

(the skill premium) is close to 0.40. The average value of So is around 0.65 (table 2, column 1)

. The model would therefore predict that an increase in S of one percentage point would make

the educated and uneducated born before 1962, respectively, 0.29 percent and 0.41 percent more

likely to work in the formal sector.

The coefficient we have estimate suggest that an increase in S of one percentage point lead

respectively to an increase in the probability of working for wage of 0.43 (in the combined

sample) and 0.71 (in the rural sample) for the educated workers. For the uneducated workers,

the estimated effected is respectively 0.51 (in the combined sample) and 0.31 (in the rural

sample). Therefore, the model does a reasonable job in predicting the shift from the informal

to the formal sector for the uneducated, and under-predicts the shift of the educated from the

formal to the informal sector, especially in the rural sample.

5.2.2 Effect of an increase in average education on wage rates

The effect of the increase in average education on the wages (at a given level of human capital)

depends on the extent to which physical capital adjusts to the increase in human capital. We
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contrast the implications of two polar cases: in the first case, capital adjusts costlessly to the

modification induced by INPRES; in the second case, there is no adjustment of the physical

capital stock in response to the INPRES program.

• Costless capital stock adjustment

To study the consequences of the INPRES model in the case of costless adjustment, we

need to specify how human capital and physical capital are accumulated. Following Barro and

Sala-I-Martin (1995) (chapter 5), consider a one sector endogenous growth model, with human

and physical capital. Output is divided between consumption and investment in the two forms

of capital.

Y = AFK
αH

(1−α)
F + T = C + IK + IH ,

where IK and IH are the gross investment in physical and human capital, respectively.

The evolution of the changes in the capital stocks are given by:

K̇ = IK − δK,

and

ḢF = ηIH(t− L)− δHF .

There are two differences from the set up in Barro and Sala-I-Martin (1995). First, there is a

lag of duration L between investment in human capital and the date at which it will become

active: this reflects the fact that children who go to school today will enter the job market only

after a lag. Second, η represents the ratio at which each unit of investment is transformed into

a unit of human capital.15 Note that H could not accumulate indefinitely if the only way to

increase H were to increase the proportion of primary school graduates. We should think of H

as a Cobb-Douglas aggregate of all levels of education: we model the beginning of the process

of development, where only two levels of education have been achieved.
15In the dual economy model, η reflects both the cost of producing educated workers, and the rate at which

the educated workers are participating in the formal labor market.
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The solution of this problem is obtained by setting up the Hamiltonian expression for the

household choice between consumption and investment in human or physical capital, taking first

order conditions with respect to C, IH , IK , K and HF . The steady state growth rate is equal

to:

γ =
1
θ

[
AFα

(
K

HF

)α−1

− δ − ρ
]

The steady state value of K
HF

is pinned down by the condition of equality between net returns

to investment in physical and human capital. It is the solution to the following implicit equation:

ηe
L

[
δ−αAF

(
K
HF

)α−1
] (

K

HF

)α
=

α

1− α
, (17)

Denote k∗ the value of K
HF

given by this equation. The steady state growth rate is given by:

γ∗ =
1
θ

[
AFαk

∗(α−1) − δ − ρ
]

(18)

We can model the effect of the INPRES program as an increase in η, the rate at which

investment is transformed into human capital accumulation: each new school makes it cheaper

to accumulate human capital. Suppose that the INPRES program will last long enough that we

can think about it as a permanent program (a permanent increase in η).16 In the new steady

state, the ratio k∗ will be lower than in the old steady state, to maintain the equality between

net returns to investment in human capital and physical capital (see equation 17). The program

should therefore cause a drop in the levels of wages (keeping constant human capital). After

the transition, consumption, human capital and physical capital will grow at the same new

steady state rate (given by equation 18). In the new steady state, growth in human capital

will be exactly compensated by growth in physical capital, and wage growth will therefore be

unaffected by growth in human capital. To see this, derive equation 15 with respect to time,

and note that K̇
K = ḢF

HF
, so that the two terms cancel.

16For our purpose, it would not be easy to distinguish it from a temporary program, since the the rate of capital

accumulation were more rapid in the regions that received more schools for all the period we consider.
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The transition to the new steady state involves indeed a decline of K
HF

, and therefore a

decline in wages, but, in this model, the adjustment in the ratio K
HF

should have taken place

right after the program was initiated, and well before the rate of growth of H actually starts to

accelerate. To see this, imagine that the economy was initially at a steady state, and consider the

household decision the first day the schools are built: human capital investment has suddenly

become cheaper, while physical capital investment has the same price and the same returns as

before (since the human capital available today keeps growing at the old steady state growth

rate). Net returns to investing in human capital are therefore higher, all the investment takes the

form of human capital and the ratio K
HF

declines rapidly until it is low enough that investing in

physical capital become profitable again. Simulations of the transitional dynamics of this model

show that the ratio K
HF

reaches its steady state value very fast after the program is initiated (in

1 one year if there if household are allowed to transform physical capital into human capital, in

less than 3 years otherwise). 17 After reaching its new steady state value, the ratio K
HF

stay

almost constant.18

In this model, there should be no effect of the share of educated workers on wages from 1986

to 1999. A full adjustment model similar to this one underlies, implicitly or explicitly the effort

to identify human capital externality (in which case the share of educated worker could have

a positive effect on wages). The data does not seem to support this full adjustment model for

Indonesia, however: during the entire period, wage grow more slowly in regions were human

capital grows faster (see figure 4B).

• No adjustment of the capital stock in response to the increase in education
17For example, if γ1 was initially 3.5% a year, assuming a value of 0.05 for δ, K

HF
would have declined by 8%

every year. With reasonable parameters values for α, δ, ρ, and θ (α = 0.3, δ = 0.05, ρ = 0.02, θ = 3) , and

assuming that the effect of each school on the rate of growth of S we observe in the data is the steady state effect

(i.e. each school causes an increase of 0.5% in the growth rate), K
HF

should fall by about 10% for each school

built (per 1000 children), which would have been achieved in 1.25 years. On average, 2 schools were built, so in

2.5 years, K
HF

should have fallen enough in the average region to reach the new steady state value.
18In the simulations, there are small oscillations around the steady state values, that are progressively damp-

ening.
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The other extreme is a case where there is absolutely no response of capital accumulation

to the increase in the stock of educated workers. In this case, if the INPRES program is a valid

instrument (that is, if it is not correlated with the exogenous rate of capital accumulation),

the stock of capital enters the error term in equation 15 and is uncorrelated with the level

of the program. The best way to check whether our model fits the facts is to use ln(EF ) or

ln(1 +S(h− 1)−T ) as the dependent variable instead of S. Figure 6 shows that these variables

are also influenced by the program. The first stage coefficients for these variables look very

similar to each other, which is reassuring.19 The figure looks very similar to figure 2. In table

7, I present the results of estimating equation 15, using the same strategy we outlined for S. In

practice, I estimate equation 7, with lnEF or ln(1 + S(h− 1)− T ) as the endogenous regressor

of interest.

The coefficients of a subset of the specifications estimated in table 6 are presented in table 7.

For ln(EF ) (columns (1) to (4)), the pattern is similar to what we found for S: the coefficients are

negative, but insignificant, in the combined (rural+urban) sample, and negative and significant

at the 10% level in the rural sample. The point estimate is -0.07 in the urban sample, and -0.22

in the rural sample. The latter estimate of -0.22 is close to -0.3, the conventional guess for α.

The results using ln(1 + S(h− 1)− T ) as the independent variables are more clear cut. The

point estimates are similar in the combined sample and in the rural sample only. The estimates

range between -0.34 and -0.40, and are all significant at the 5% level of confidence. These

estimates (especially those obtained in the combined sample) are higher than what I obtained

using lnEF (they should in principle be the same). They are very close to (and not significantly

different from) -0.3. These estimates are fairly precise and their order of magnitude is very

reasonable. They reinforce the confidence in the ability of the model to describe the response of

the economy to the education expansion.

This set of estimates therefore suggests that the accumulation of physical capital happens
19I estimate the same specification as in equation 1, but I use lnEF and ln(1 + S(h− 1)− T ), respectively as

the dependent variables. Full results are presented in table A1.
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essentially independently from the accumulation of human capital. Even 25 years after the

program was initiated, physical capital does not seem to have been invested to employ the new

efficiency units of labor created by the program.

6 Conclusion

This paper argued that the INPRES program, a large school construction program undertaken

by the Indonesian government in the 1970’s, constitutes a good case study to empirically examine

the impact of average primary schooling on the wages of older cohorts. This program modified

the enrollment rates of the young generations, thus inducing a long-lasting change in the rate

of human capital accumulation in the regions it affected most. The impact of this shock on the

supply of educated workers can be studied on an “old” generation, who did not directly benefit

from it. It provides a natural solution to the identification problems inherent to any attempt to

identify the effect of the average of a regressor while trying at the same time to control for it.

The instrumental variables estimates presented in this paper suggest that the effect of average

education on individual wages (keeping the skill level constant) is negative: in places where

average educational attainments grew faster because of the program, wages grew more slowly.

This is in sharp contrast to the OLS estimates, which are strongly positive, and to the fixed effect

estimates, which are closer to zero but still positive. Such a strong bias in the OLS estimates

suggests that the cross-country relationship between output per capita and education is likely

to be affected by the same upward bias. The effects of average education on the participation

in the formal labor market is, however, positive.

Both sets of estimates are shown to be consistent with a simple dual-economy model, where

the number of efficiency units that can be productively employed in the informal sector is limited

by the availability of a fixed factor (land, for example). The increase in the productivity of the

labor force is entirely absorbed by the formal sector, which explains the increase in participation.

Wages go down in the formal sector to the extent that physical capital does not fully adjust

to the increase in human capital. I contrast two versions of this model. In a closed economy
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endogenous growth version with costless adjustment of the capital stock, the faster increase

in human capital after 1986 should be matched with a corresponding increase in the stock of

physical capital, and wages should be unaffected. If capital accumulation is unresponsive to the

increase in human capital, the model makes a prediction of what the coefficient on the human

capital variable should be.

The extent to which wages fall in response to the increase in human capital available in the

formal sector suggests that there was little or no reaction of the physical capital to the increase

in educational opportunities in the regions where INPRES built more schools. The estimates I

obtain are reasonable if this is the right model of the world.

What is absent in this paper (and left for future work) is an explanation of why the capital

stock did not adjust. The program was publicly announced, and the increase in the stock of

primary school graduates occurred gradually 10 years after the program started. It is a puzzle

that 25 years after the program was initiated, the labor demand looks like a “short run” labor

demand curve. Future work (and, probably, more data) is needed to determine to what extent

this is due to “myopic” behavior of investors, who fail to recognize the increase in the education

level of the labor force, to very large adjustment costs of the capital stock, to the financing

constraint, or to a combination of the three.

This is important because, contrary to what is often assumed (on the basis of the experience

of South-East Asian countries), acceleration in the rate of accumulation of human capital is not

necessarily accompanied by economic growth. Several countries (in Africa, in particular) had

very rapid expansion in education, but dismal economic growth (Kremer and Thomson (1998)).

It is important to understand why this can be the case.

Models of credit constraints (Banerjee and Newman (1993), Galor and Zeira (1993), Aghion

and Bolton (1997)) could be combined with models of costly adjustment of technology to study

the effects of education on economic growth given the actual constraints faced by developing

economies. The work of Caballero and Hammour (1998, 2000) comes closest to doing this.

Their model combines costly adjustment with credit constraints but does not model growth. It
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cannot therefore be directly applied to the question of what happens when the growth rate of

human capital goes up. Once built, such a model could then be compared to actual evolutions,

in exercises similar to Blanchard (1997) analysis of the “medium run”.
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Table 1: descriptive statistics

ratio of Skill Implied
20-40 20-60 20-40 20-60 uneducated/educated premium beta

in formal sector (20-60)
(1) (2) (3) (4) (5) (6) (7)

1986 0.22 0.15 0.69 0.61 0.36 0.40 0.53
1987 0.25 0.16 0.71 0.63 0.33 0.41 0.55
1988 0.32 0.21 0.73 0.64 0.29 0.33 0.53
1989 0.36 0.23 0.74 0.65 0.29 0.39 0.57
1990 0.42 0.28 0.76 0.68 0.29 0.35 0.55
1991 0.46 0.31 0.79 0.71 0.22 0.31 0.58
1992 0.49 0.32 0.79 0.71 0.23 0.35 0.60
1993 0.55 0.36 0.8 0.72 0.19 0.41 0.68
1994 0.58 0.38 0.81 0.74 0.21 0.36 0.63
1995 0.62 0.42 0.79 0.72 0.21 0.43 0.67
1996 0.67 0.44 0.85 0.79 0.23 0.37 0.62
1997 0.71 0.46 0.84 0.78 0.17 0.41 0.71
1998 0.77 0.51 0.87 0.81 0.17 0.38 0.69
1999 0.82 0.53 0.88 0.82 0.13 0.35 0.73

Notes: 1. Average wage is average of the log of monthly wage
2. These are weighted means.
3. See text for the definition of Beta

Percentage of primary school graduatesFraction born after 1962



Table 2: First stage regressions
Effect of the program on the proportion of individuals completing primary school or more. 

Coefficients of interactions of the intensity of the program and survey year dummies.

Sample: Born Born 
 individual aged 20-40 20-60 before 1962 20-40 20-60 before 1962

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

1986 omitted omitted omitted omitted omitted omitted

1987 0.00283 -0.000428 -0.00259 0.00091 -0.00145 -0.00230
(0.000790) (0.00741) (0.00725) (0.00927) (0.00829) (0.00840)

1988 0.00147 -0.00280 -0.00502 -0.00317 -0.00788 -0.00881
(0.00686) (0.00657) (0.00612) (0.00773) (0.00705) (0.00688)

1989 0.00135 -0.00119 -0.00482 -0.00099 -0.00430 -0.00680
(0.00730) (0.00692) (0.00665) (0.00842) (0.00764) (0.00770)

1990 0.00274 -0.00418 -0.0106 -0.00024 -0.00709 -0.0126
(0.00619) (0.00592) (0.00570) (0.00687) (0.00636) (0.00639)

1991 0.0151 0.00739 -0.00024 0.0110 0.00323 -0.00341
(0.00614) (0.00580) (0.00565) (0.00709) (0.00650) (0.00656)

1992 0.0124 0.000598 -0.00745 0.00818 -0.00581 -0.0126
(0.00597) (0.00570) (0.00560) (0.00680) (0.00631) (0.00640)

1993 0.0205 0.00882 -0.00169 0.0143 0.0124 -0.00819
(0.00603) (0.00564) (0.00539) (0.00679) (0.00608) (0.00607)

1994 0.0194 0.00760 -0.00435 0.0145 0.00054 -0.0103
(0.00613) (0.00592) (0.00613) (0.00698) (0.00655) (0.00717)

1995 0.0202 0.00736 -0.00642 0.0161 0.00029 -0.0127
(0.00563) (0.00543) (0.00540) (0.00626) (0.00587) (0.00615)

1996 0.0260 0.0112 -0.00271 0.0207 0.00158 -0.0122
(0.00593) (0.00576) (0.00618) (0.00673) (0.00624) (0.00701)

1997 0.0252 0.0149 0.00386 0.0190 0.00698 -0.00100
(0.00629) (0.00624) (0.00671) (0.00742) (0.00717) (0.00809)

1998 0.0340 0.0190 0.00439 0.0300 0.0110 -0.00404
(0.00672) (0.00645) (0.00649) (0.00703) (0.00661) (0.00726)

1999 0.0290 0.0154 0.00452 0.0253 0.00755 -0.00295
(0.00682) (0.00683) (0.00723) (0.00700) (0.00681) (0.00809)

Number of 
cells 3826 3826 3826 3140 3140 3140

F. statistic 7.23 3.40 1.29 5.02 1.68 0.95

Notes: 
1. The program intensity is the number of INPRES schools built between 1974 and 1978, divided by the
number of children in 1971.
2. Survey year dummies, region dummies, interactions between survey year dummies and the enrollment 
rate in 1971, and interactions between suvey year dummies and the number of children are included
in the regressions.
3. Regression run using kabupaten-year averages, weighted by the number of observations in each 
kabupaten-year cell.
4. The F statistic is for the hypothesis that the set of interactions is jointly insignificant.

Sample: Urban and rural areas Sample: rural areas only



Table 4: Reduced form regressions
Effect of the program on wages, residual wages, and formal employment among individuals born before 1962.

Coefficients of interactions of the intensity of the program and survey year dummies

Wages Residual Formal Wages Residual Formal
wage employment wage employment

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

1986 omitted omitted omitted omitted omitted omitted

1987 0.00249 -0.00643 -0.00868 0.0209 0.00935 -0.00590
(0.0164) (0.0140) (0.00581) (0.0185) (0.0151) (0.00556)

1988 -0.00406 -0.00512 -0.00399 0.0108 0.0103 -0.00473
(0.0156) (0.0135) (0.00517) (0.0175) (0.0144) (0.00482)

1989 0.00225 -0.00109 -0.00736 0.0155 0.00949 -0.00805
(0.0159) (0.0132) (0.00546) (0.0190) (0.0145) (0.00574)

1990 -0.0140 -0.0111 -0.00272 0.00474 0.00564 -0.00298
(0.0154) (0.0131) (0.00513) (0.0182) (0.0139) (0.00500)

1991 -0.00614 -0.00785 0.00346 0.00817 0.00466 0.00391
(0.0158) (0.0134) (0.00496) (0.0172) (0.0144) (0.00480)

1992 -0.0173 -0.0116 0.00187 -0.00551 0.00209 -0.00022
(0.0150) (0.0130) (0.00529) (0.0177) (0.0143) (0.00501)

1993 -0.0166 -0.0132 0.00694 -0.00967 -0.00383 0.00740
(0.0151) (0.0130) (0.00502) (0.0178) (0.0147) (0.00499)

1994 -0.0222 -0.0189 0.0103 -0.0149 -0.0170 0.00685
(0.0163) (0.0140) (0.00603) (0.0198) (0.0153) (0.00620)

1995 0.00314 -0.00095 0.00713 0.00439 0.00794 0.00576
(0.0143) (0.0127) (0.00469) (0.0170) (0.0144) (0.00448)

1996 -0.0190 -0.0173 -0.00346 -0.0158 -0.0116 -0.00508
(0.0162) (0.0135) (0.00583) (0.0210) (0.0161) (0.00558)

1997 -0.0192 -0.0155 0.00607 -0.0119 -0.0166 0.00417
(0.0161) (0.0145) (0.00586) (0.0199) (0.0154) (0.00613)

1998 -0.00785 -0.0141 0.00831 -0.0190 -0.00719 0.0105
(0.0171) (0.0137) (0.00646) (0.0191) (0.0151) (0.00675)

1999 0.00336 -0.0104 0.00779 -0.0188 -0.0189 0.00735
(0.0177) (0.0149) (0.00631) (0.0208) (0.0165) (0.00706)

Number of 
cells 3804 3804 3804 3119 3119 3119

Notes: 
1. The program intensity is the number of INPRES schools built between 1974 and 1978, divided by the
number of children in 1971.
2. Survey year dummies, region dummies, interactions between survey year dummies and the enrollment 
rate in 1971, and interactions between suvey year dummies and the number of children are included
in the regressions.
3. Regression run using kabupaten-year averages, weighted by the number of observations in each 
kabupaten-year cell.
4. The F statistic is for the hypothesis that the set of interactions is jointly insignificant.

less than 60 year old, born before 1962 less than 60 year old, born before 1962
Sample: Urban and rural areas Sample: Rural areas only



Table 5:  OLS estimates of the impact of average education on individual wages.
Men aged 20-60 and born before 1962.

Sample: Rural  Sample: Rural Sample: Rural  Sample: Rural 
and urban areas areas only and urban areas areas only

(1) (2) (3) (4)

PANEL A: OLS, without region fixed effects (1986-1999)

Log(wage) 0.852 0.754 0.881 0.875
(0.035) (0.041) (0.030) (0.037)

Log(wage) residual 0.195 0.226 0.228 0.312
(0.024) (0.028) (0.021) (0.027)

Log(wage) residual, controlling -0.064 0.0092 -0.044 0.050
for 1986 wage * year dummies (0.022) (0.026) (0.020) (0.025)

Skill premium -0.458 -0.531 -0.423 -0.533
(0.041) (0.047) (0.038) (0.045)

Formal employment 0.431 0.162 0.459 0.170
(0.016) (0.015) (0.015) (0.015)

Formal employment, controlling 0.181 0.088 0.196 0.094
for 1986 formal employment * year dummies (0.012) (0.012) (0.011) (0.011)
Formal employment among educated workers 0.095 -0.036 0.108 -0.035

(0.015) (0.015) (0.013) (0.015)

Formal  employment among uneducated workers 0.035 0.0046 0.045 0.0088
(0.011) (0.011) (0.011) (0.011)

PANEL B: OLS, with region fixed effects (1986-1999)

Log(wage) 0.409 0.436 0.537 0.594
(0.041) (0.046) (0.041) (0.047)

Log(wage) residual 0.040 0.060 0.086 0.121
(0.032) (0.035) (0.032) (0.037)

Log(wage) residual, controlling -0.031 -0.0036 0.018 0.060
for 1986 wage * year dummies (0.032) (0.036) (0.033) (0.037)

Skill premium -0.082 -0.092 -0.094 -0.106
(0.073) (0.080) (0.077) (0.085)

Formal employment 0.160 0.134 0.228 0.201
(0.016) (0.017) (0.016) (0.018)

Formal employment, controlling 0.136 0.137 0.198 0.204
for 1986 formal employment * year dummies (0.016) (0.017) (0.016) (0.017)
Formal employment among educated workers -0.0019 0.0079 0.017 0.031

(0.020) (0.022) (0.021) (0.022)

Formal  employment among uneducated workers 0.012 0.015 0.031 0.033
(0.016) (0.017) (0.018) (0.018)

Notes: 
1. Survey year dummies, region dummies, interactions between survey year dummies and the enrollment rate in 1971,
 and interactions between suvey year dummies and the number of children are included in the regressions.
2. Regression run using kabupaten-year averages, weighted by the number  of observations in each kabupaten-year cell.

Independent variable: % of primary 
school graduates in the 20-40 sample

Independent variable: % of primary
school graduates in the 20-60 sample



Table 6:  2SLS estimates of the impact of average education on individual wages.
Men aged 20-60 and born before 1962.

Sample: Rural Sample: Rural Sample: Rural Sample: Rural 
and urban areas  areas only and urban areas areas only

(1) (2) (3) (4)

PANEL A: YEARS 1986-1999

Log(wage) -0.204 -0.834 -0.208 -0.871
(0.263) (0.398) (0.380) (0.683)

Log(wage) residual -0.292 -0.633 -0.379 -0.994
(0.200) (0.288) (0.292) (0.525)

Log(wage) residual, controlling -0.367 -0.621 -0.500 -1.008
for 1986 wage * year dummies (0.200) (0.277) (0.295) (0.522)

Skill premium 0.061 -0.051 -0.287 -0.588
(0.730) (0.940) (1.133) (1.280)

0.441 0.455 0.661 0.745
Formal employment (0.108) (0.140) (0.181) (0.287)

Formal employment, controlling 0.262 0.389 0.454 0.703
for 1986 formal employment * year dummies (0.109) (0.135) (0.193) (0.291)

Formal employment among educated workers 0.432 0.502 0.543 0.713
(0.139) (0.191) (0.207) (0.352)

Formal  employment among uneducated workers 0.379 0.409 0.510 0.318
(0.124) (0.140) (0.243) (0.259)

PANEL B: YEARS 1986-1997

Log(wage) -0.358 -0.710 -0.431 -0.480
(0.308) (0.467) (0.467) (0.763)

Log(wage) residual -0.330 -0.588 -0.437 -0.903
(0.230) (0.339) (0.349) (0.610)

Log(wage) residual, controlling -0.431 -0.591 -0.638 -0.949
for 1986 wage * year dummies (0.239) (0.329) (0.383) (0.629)

Skill premium 0.463 0.442 0.716 0.694
(0.128) (0.169) (0.228) (0.349)

0.116 0.080 -0.360 -0.619
Formal employment (0.852) (1.107) (1.387) (1.410)

Formal employment, controlling 0.267 0.362 0.490 0.639
for 1986 formal employment * year dummies (0.130) (0.163) (0.244) (0.360)

Formal employment among educated workers 0.428 0.473 0.530 0.622
(0.165) (0.232) (0.258) (0.444)

Formal  employment among uneducated workers 0.478 0.449 0.624 0.263
(0.151) (0.169) (0.293) (0.286)

Notes: 
1. Survey year dummies, region dummies, interactions between survey year dummies and the enrollment rate in 1971,
 and interactions between suvey year dummies and the number of children are included in the regressions.
2. Regression run using kabupaten-year averages, weighted by the number  of observations in each kabupaten-year cell.
3. The instruments are interactions between survey year dummies and the program intensity

school graduates in the 20-40 sample school graduates in the 20-60 sample
Independent variable: % of primary Independent variable: % of primary 



Table A1: Alternative first stage: Effect of the program on log(Ef) and log(1+s(h-1)-T).
Sample: Men aged 20-60

Sample: Urban Sample: Rural Sample: Urban Sample: Rural
and rural areas areas only and rural areas areas only

(1) (2) (1) (2)

1986 omitted omitted omitted omitted

1987 -0.0255 -0.0363 -0.0270 -0.0345
(0.0465) (0.0528) (0.0545) (0.0631)

1988 -0.0301 -0.0508 -0.0186 -0.0284
(0.0320) (0.0344) (0.0366) (0.0411)

1989 -0.0120 -0.0329 -0.0452 -0.0708
(0.0338) (0.0392) (0.0353) (0.0415)

1990 0.0169 0.00151 -0.00711 -0.0157
(0.0281) (0.0304) (0.0320) (0.0367)

1991 0.0527 0.0420 0.0146 0.00388
(0.0276) (0.0303) (0.0301) (0.0331)

1992 0.0307 0.00992 0.00793 -0.0190
(0.0279) (0.0302) (0.0327) (0.0352)

1993 0.0510 0.0331 0.0262 0.00166
(0.0272) (0.0301) (0.0312) (0.0352)

1994 0.0528 0.0231 0.0551 0.0202
(0.0426) (0.0388) (0.0334) (0.0382)

1995 0.0681 0.0523 0.0276 0.0217
(0.0269) (0.0294) (0.0306) (0.0333)

1996 0.0420 0.0192 0.0284 0.00147
(0.0282) (0.0307) (0.0325) (0.0373)

1997 0.0689 0.0514 0.0539 0.0365
(0.0302) (0.0350) (0.0335) (0.0402)

1998 0.0809 0.0712 0.0494 0.0241
(0.0298) (0.0332) (0.0415) (0.0503)

1999 0.0670 0.0575 0.0920 0.1148
(0.0302) (0.0337) (0.0463) (0.0602)

Number of 
cells 3808 3122 3336 2762

F. statistic 3.28 2.49 1.69 1.30

Notes: 
1. The program intensity is the number of INPRES schools built between 1974 and 1978, divided by the
number of children in 1971.
2. Survey year dummies, region dummies, interactions between survey year dummies and the enrollment 
rate in 1971, and interactions between suvey year dummies and the number of children are included
in the regressions.
3. Regression run using kabupaten-year averages, weighted by the number of observations in each 
kabupaten-year cell.
4. The F statistic is for the hypothesis that the set of interactions is jointly insignificant.
5. See text for variables definition

Independent variable: log(Ef) Independent variable: log(1+s(h-1)-T)



Table 7: 2SLS estimates of the impact of human capital on wages. 
log(Ef) and log(1+S(h-1)-T) as measures of human capital

Sample: Rural  Sample: Rural Sample: Rural  Sample: Rural
and urban areas areas only and urban areas areas only

(1) (2) (3) (4)

PANEL A: YEARS 1986-1999

-0.073 -0.219 -0.365 -0.341
(0.100) (0.130) (0.147) (0.161)

PANEL B: YEARS 1986-1997

-0.092 -0.165 -0.396 -0.360
(0.105) (0.137) (0.155) (0.194)

Notes: 
1. Survey year dummies, region dummies, interactions between survey year dummies and the enrollment rate in 1971,
 and interactions between suvey year dummies and the number of children are included in the regressions.
2. Regression run using kabupaten-year averages, weighted by the number  of observations in each kabupaten-year cell.
3. The instruments are interactions between survey year dummies and program intensity

Dependent variable: Log(wage) for men aged less than 60, born before 1962
Independent variable: log(E_F)

among sample aged 20-60
Independent variable: log(1+s(h-1)-T)

among sample aged 20-60



Figure 1 -- COEFFICIENTS OF THE INTERACTIONS AGE IN 1974* PROGRAM 
INTENSITY IN THE REGION OF BIRTH IN THE EDUCATION EQUATION
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Figure 2:  Coefficients of the interactions of program intensity and survey year dummies.
Dependent variable:  % of primary school graduates.
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Figure 3:  Actual and predicted coefficients of the interactions of program intensity and survey year dummies.
Dependent variable: % of primary school graduates.
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Figure 4A:  Coefficients of the interactions of program intensity and survey year dummies.  
Dependent variables:   log(wage) and formal sector employment (individuals born before 1962 and aged less than 60)

Sample: urban and rural regions.
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Figure 4B:  Coefficients of the interactions of program intensity and survey year dummies.  
Dependent variables:  average log(wage) and average formal sector employment among individuals born before 1962 and aged less than 60.

Sample: rural regions.
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Figure 5

Effect of an Increase in the Share of Educated Workers on
Wages and Formal Employment



Figure 6: Coefficient of the interaction between program
intensity and survey year dummies.  

Dependent variable: log(Ef) and log(1+s(h-1)-T)
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