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Abstract

Studies of education policy in developing countries often cite larger estimated wage
returns to basic education relative to higher education (adjusted for public costs), as
evidence of over-investment in higher education. These estimates have provided a jus-
tification for the shift of public funding towards basic education. This paper shows
that these estimates are not reliable for education policy when productivity depends
on the proportion of higher educated workers (a productivity externality), and higher
educated workers are an input in the production of basic education (a human capital
externality). Using data on cross-country agricultural productivity gaps, and returns
to education for immigrants in the U.S. by country of origin, I show that the produc-
tivity and future human capital effects of higher educated workers are quantitatively
important. The productivity and human capital effects are equal to, and in some cases
greater than, the oft-cited difference between standard estimates of the public-cost-
adjusted return to basic and higher education. The effects also decline with education
levels, which is consistent with studies which find small education externalities in more
advanced economies. An implication is that if the expansion in basic education is to be
profitable, adequate attention must also be paid to higher education.
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1 Introduction

Standard cross-country estimates of the social returns to education, shown in Figure 1, appear to

show that social return to basic education is greater than social return to higher levels of education.1

The standard social ROREs summarised in Figure 1 are viewed as “...a diagnostic tool with which

to start the process of setting priorities and considering alternative ways of achieving objectives”

((World Bank, 1995), pg. 94). The estimates prompted a shift of focus to basic levels of education,

often at the expense of higher education. The World Bank, in its “Priorities and Strategies for

Education”, concludes: “Consequently, basic education should usually be given priority for public

spending on education in those countries that have yet to achieve near-universal enrollment in basic

education” (World Bank (1995), pg. 56; see Section 5 in Psacharopoulos and Patrinos (2007)).

In this paper, I measure externalities to higher education which arise because productivity de-

pends on the proportion of higher educated workers, and higher educated workers are an input

in the production of human capital for basic educated workers. The effect of higher educated

workers—better teachers, improved basic healthcare delivery, and technological advances—are dy-

namic, and have spillovers beyond that to the direct consumer. When these external effects are

taken into account, the true social return to higher education is, on average, two times as large as

standard social ROREs (which do not account for any externalities). Contrary to the conclusion of

the World Bank education policy paper cited above, standard ROREs cannot be used as a guide for

education policy.2 As shown in Figure 4, the true social return to higher education is larger than the

social return to basic education. Thus, larger standard social ROREs to basic education, compared

to education at higher levels, is consistent with optimal education policy.

I begin by presenting a macroeconomic model in which the proportion of higher educated

workers is an input in the production of basic skills (human capital effect), and the productivity of

basic and uneducated workers also depends on the proportion of higher educated workers in the

economy (productivity effect). Quantifying the productivity and human capital effects of higher

educated workers presents is challenging, because cross-country wages will differ due to differences

in productivity, as well as human capital.

The human capital effect of higher educated workers is identified from information on differ-

ences in returns to education, by country of origin, for immigrants in the U.S. The use of infor-

mation on returns to education for immigrants in a particular country controls for the productivity

effect. As Bratsberg and Terrell (2002) and Schoellman (2011) show, differences in the returns to

1Standard social ROREs are obtained by adjusting private wage returns to education (from Mincer regres-
sions) for public education subsidies, with no adjustments made for externalities to education (Psacharopou-
los and Patrinos, 2007).

2For an earlier criticism of formulating policy based on rate of return estimates, see Bennell (1996) which
questions the plausibility of the estimates. There are several reasons why they may not reflect the true
private return to education (such as unionization, government job guarantees, urban/rural divisions). The
approach here is to assume that the ROREs are accurate reflections of the wage-benefit to education, and
show they are still not reliable for education policy.
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education for immigrants in the U.S. come from differences in home country quality of education.

To capture the human capital effect, I relate the average rate of return (ROR) to education for an

immigrant from a given country, relative to a U.S. native in the year 2000, on relative differences

in the 1980 proportion of higher educated workers. The results show that controlling for other de-

terminants of education quality (including teacher salaries), individuals from countries with larger

proportions of higher educated workers in 1980 have greater returns to education in the U.S. The

parameter estimate from this exercise is used to calculate the size of the human capital effect.

I use estimates of cross-country agricultural productivity gaps (APGs), from Gollin et al. (2011),

to quantify the productivity effect. The authors carefully estimate cross-country APGs accounting

for quality and quantity of human capital, which controls for human capital effects. The use of

within-country sectoral productivity gaps controls for aggregate factors that may influence pro-

ductivity in all sectors (including investments in education). This strategy captures a productivity

externality because it reflects changes in productivity beyond those in the non-agricultural sector,

where most higher educated workers are employed. I find that APGs, adjusted for human capital,

decrease with the proportion of higher educated workers. The estimate of the elasticity of the APG

to the proportion of higher educated workers is used to calculate the size of the productivity effect.

Results from calculations of social RORs reveal that the difference between true (accounting for

human capital and productivity effects) social returns to higher education and standard ROREs are

as large as 10-20 percentage points, depending on the country. The model also replicates the finding

that standard social ROREs to basic education are greater than those for higher education. How-

ever, it does not follow that funds should be reallocated from higher to basic education, because

the measured externalities are large. As Figure 4 shows, for most of the 33 developing countries in

my dataset, the social return to higher education is larger compared to basic education.

Furthermore, I find that education policy which relies on standard ROREs as a guide, encour-

ages greater focus on basic education in countries where the human capital and productivity effects

are larger—when optimal education policy will imply greater investments in higher education. This

is because the gap between true and standard estimates of social RORs to higher education is de-

creasing in the proportion of the higher educated, as a result of decreasing human capital and

productivity effects.3 This implies that the difference in standard social ROREs for basic and higher

education is larger in countries with lower proportions of higher educated workers (and larger

externalities), which is confirmed in the data. Education policy based on standard social ROREs

inadvertently leads to systematic underinvestment in higher education.

The conclusion that public focus should be shifted to basic education, based on standard ROREs,

is incorrect and could lead to unintended consequences. I show that these external effects are

also important for the profitability of current expansions in basic education in several developing

countries. This is because higher educated workers are important for the quality of basic education,

3For more advanced economies such as the U.S., with large proportions of higher educated workers, the
productivity and human capital effects are very small (consistent with findings in (Ciccone and Peri, 2006;
Acemoglu and Angrist, 1999)).
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as well as the productivity of basic educated workers. A reallocation of funding to basic education to

equate standard ROREs in the framework, leads to significant reductions in the quantity of human

capital obtained by basic educated workers, and lowers the private return to basic education. The

biggest impact, however, is on the wage level of basic and uneducated workers. In some cases,

lower productivity means that the wage of basic educated workers falls by over 40%.

There is some evidence that a rapid expansion in basic education, at the expense of higher

education, may not have been the best policy for basic educated workers. Association of Univer-

sities and Colleges of Canada (2003) report that the rapid expansion of basic education in several

developing countries, has led to lower education quality. The low quality of basic education in

developing countries, where many students complete basic education with less than basic skills,

can be found in Glewwe and Kremer (2006). In a study on the returns to the Universal Primary Ed-

ucation program in Nigeria, Uwaifo-Oyelere (2010) finds the average return to the program to be

just 2.8%; which is very low compared to previous estimates of the returns to education in Nigeria.

The author attributes the result to stagnant demand for education—the productivity effect.

The primary assumption in this paper is that the productivity and human capital effects are not

fully accounted for by the wages of higher educated workers. I focus on these effects, because as I

explain below using several examples, they are likely to be important in developing countries with

low proportions of higher educated workers.

A positive relationship between returns to basic education and the proportion of higher edu-

cated workers can arise because teachers are are an input in the production of basic education. In

evaluating the impact of higher teacher quality in the U.S., Hanushek (2011) finds that a teacher

one standard deviation above mean effectiveness, in a class size of 20 pupils, generates an annual

marginal gain of over $400,000 in present value of future student earnings. It is unlikely these

future wage gains from improved teacher quality are completely reflected in teacher wages. This is

for reasons related to credit constrained pupils, or difficulties in establishing enforceable contracts

between teachers and pupils.

Problems with teacher quality are even worse in the context of developing countries; only

about 69 percent of primary school teachers are trained, compared to 90% in developed countries.

A survey of education systems in developing countries, by Glewwe and Kremer (2006), concludes

that many developing countries have too few teachers to accommodate the rapid expansion in

primary school enrollment. Developing countries also have the highest pupil-teacher ratios, the

lowest measures of teacher effectiveness, and worse student outcomes compared to peers in other

countries. This means there are significant gains to be had by training more teachers, and increasing

the human capital obtained from a basic education.

Higher educated workers can also affect the return to basic education if they perform other

services which enable basic educated workers to get more out of their time in school. For example,

Miguel and Kremer (2004) find that deworming improved health and school participation among

untreated children at schools in close proximity to those who were treated. They also find that two-
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thirds of the social effect of deworming comes through reduced rates of transmission, and increased

attendance for untreated children. The wages of nurses who deliver deworming and other public

health services are unlikely to reflect these positive externalities on schooling outcomes, because a

majority of the benefits accrue to untreated students.

Better health leads to greater human capital for future adults, as well increased productivity

for current workers. Several studies find that the main economic burden of communicable diseases

in developing countries, such as malaria or cholera, come from time spent caring for the ill (see

Onwujekwe et al. (2000) for a study in Eastern Nigeria, and Konradsen et al. (1997) for a study in

Sri Lanka). A nurse’s services in a malaria-prone village not only benefits a sick child, but also allows

the child’s parents to spend more time at work. If the prevention externalities from deworming

exist for other communicable diseases, then the nurse’s services also benefit other parents in the

community who do not have to take time off work to care for sick children. These external benefits

to productivity are unlikely to be fully reflected in the nurse’s current wage. This channel is very

important in the context of developing countries where there still exists a wide scope for human

capital and productivity gains by improving public health services.

Higher educated workers can also affect the productivity of the basic educated workers through

other channels unlikely to be fully reflected in current wages. Beyond the role of higher educated

workers as factors of production, they are also important for technology adoption and diffusion,

as found in several cross-country studies. For example, Acemoglu and Zilibotti (2001) finds that

within a given sector, productivity gaps across countries decrease with the proportion of skilled

workers. Technical change not only increases the productivity of higher educated workers in a

given sector, there is also an increase in the productivity of all other workers in that sector. Ciccone

and Papaioannou (2009) also show that a greater share of secondary educated workers is positively

related to faster sectoral productivity growth (technological progress) for all workers, especially in

human-capital intensive sectors. Cosar (2011) finds that a model in which skilled workers (defined

as scientists and engineers) are an input in technology adoption, can quantitatively account for

cross-country differences in income levels and skill premiums. Caselli and Wilson (2004) finds that

the amount of technology embodied in imported machineries is positively related to skill levels.

Firm-level studies studies such as Schultz (1975), Doms et al. (1997), and Dunne and Schmitz Jr

(1995), find that plants with more skilled workers use more advanced technologies.

Rapid technological progress is linked to increases in returns to education as more educated

farmers are better equipped to experiment with new technologies (Foster and Rosenzweig, 1996).

These activities also have important spillover effects on the productivity of other farmers in an

adopter’s social network (see Foster and Rosenzweig (1995) for hybrid corn in India, Conley and

Udry (2010) for pineapple in Ghana). It is unlikely that these network effects are fully captured

in the wage of an adopting farmer, and even less so for wages of higher educated workers partly

responsible for technical progress.

This study is important for countries of sub-Saharan Africa and South Asia where education
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attainment remains low relative to other regions of the world. At the heart of these problems is

how to allocate limited education funds. As I discussed earlier, the larger standard social ROREs to

basic relative to higher levels of education was taken to imply that relatively more public resources

needed to be allocated to basic education (Bennell, 1996). This paper calls attention to the im-

portance of looking beyond standard ROREs in the formulation of education policy, especially in

countries with low proportions of higher educated workers. Indeed, what is needed is a balance

between the pool of higher and basic educated workers. This would ensure that basic educated

workers leave school with sufficient human capital, and are able to employ their human capital in

a productive environment. This paper does not speak directly to what the optimal allocation may

be, or how it can be achieved. This question is left for future research.

In the next section, a quantifiable model of the interaction between the ROR to basic education

and the proportion of higher educated workers is presented. The model also delivers the insight

that wage-based estimates of private rates of return are not useful for education policy. The third

section explains how the parameters governing the human capital and productivity effects are

estimated. Section 4 quantifies the size of the divergence between social and private RORs, and

evaluates how changes in the proportion of higher educated workers can impact returns to basic

education. The final section concludes.

2 Model of Education Funding

2.1 General Assumptions

It is assumed that all direct costs of education are publicly financed. This assumption can be

justified in the context of the poorer developing countries where over 70% of direct education costs

are government financed (Glewwe and Kremer, 2006). Education is financed from a fixed budget

G which is allocated to basic education denoted by level 1, or higher education denoted by level 2.

Since all individuals are assumed to be alike, individuals are randomly selected to attend school.

2.2 Production Technology

Output Y is produced using a constant returns to scale production function which depends only

on human capital. The production function is given by:

Y = A0(N0 +N1h1) +AN2h2.

Where Ni represents the number of individuals who have completed level i of education, i ∈
{0, 1, 2}, and i = 0 represents those who did not attend school. The terms h1 and h2 are the

amounts of human capital available to basic and higher educated workers respectively.

6



The term A represents the total factor productivity(TFP) of individuals in the “modern” sector,

which is taken as given. The production function indicates that higher education is needed in order

to participate in the modern sector. The TFP of individuals in the “traditional” sector—those who

have achieved basic or have no education— depends on the proportion of higher educated workers

in the economy:

A0 = Af(σ2). (1)

Equation (1) above reflects the idea that the TFP of workers with a basic education depends

on the pool of higher educated workers for reasons already outlined in the introduction. Here,

σ2 is the proportion of higher educated workers, and f() is a function relating the proportion of

higher educated to the TFP of basic educated workers. The specification of the production function

without complementarities in production ensures that private ROREs from wage regressions reflect

the private marginal benefit of education.

Assumption 1: f(σ2) is increasing, concave, twice continuously differentiable with respect to

σ2, f(0) > 0, and f(1) = 1.

The assumption above implies that the TFP of basic educated workers increases with the pro-

portion of higher educated workers at a decreasing rate, but the productivity of the traditional

sector never goes above that of the modern sector.4 The assumption that f(0) is positive ensures

that output in the traditional sector is not zero in the absence of higher educated workers.

2.3 Human Capital Production

The human capital of a higher educated worker is taken as exogenous to the proportion of higher

educated workers. The focus is on the impact of higher educated workers on the the human capital

of the basic educated, and the human capital production of basic educated workers is given by the

function:

h1 = σβ12 exp{θs}. (2)

Assumption 2: h1 is increasing and concave with respect to σ2 (β1 lies between zero and 1).

The proportion of higher educated workers in the population(σ2) can be interpreted as a mea-

sure of the quality of education. Bils and Klenow (2000) suggest that the formulation for h1 above

is an appropriate way to incorporate Mincerian estimates of the returns to education into a macroe-

conomic model. The formulation here differs from theirs in that they assume that current human

4This can be justified in the context of developing countries by the observation that productivity in agri-
culture is consistently lower than that in non-agriculture, and non-agricultural workers are more educated
than agricultural workers (Gollin et al., 2011; Restuccia et al., 2008).
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capital depends on the average human capital of the preceding generation.5 In equation (2), s

stands for the length of time required to complete a basic education, which ranges from 5−9 years.

From assumption 2, the quantity of human capital is increasing in the proportion of higher

educated workers. Notice that if β1 = 0, the proportion of higher educated workers does not

matter for the human capital obtained through a basic education. In this case, the production

function parameter, θ, can be calibrated to match widely available estimates on the returns to

schooling. It costs g1 units of the consumption good to educate a basic educated worker, and g2

units to educate a higher educated worker who is already basic educated.6

2.4 The Social Planner Problem

Individuals consume their wages which is earned by inelastically supplying their human capital in

the labor market, and as already mentioned are identical with respect to ability and the opportunity

cost of going to public school. Individuals who are schooled can either have basic schooling only, or

proceed to higher education. Recall that the question of interest is whether it is always profitable

to reallocate education resources from higher to basic education based on standard estimates of

the returns to education.

Given a fixed education budget G, the social planner problem(SPP) is given by:

maxN1,N2Y = A0(N0 +N1h1) +AN2h2

s.t. A0 = Af(σ2)

h1 = σβ12 exp{θs}

G = g1N1 + (g1 + g2)N2 (3)

N0 = N − (N1 +N2) (4)

Ni ≥ 0 ∀i ∈ {0, 1, 2}.

Assumption 3:

i) The quantity of human capital increases with the level of schooling: h2 > h1 > 1.

5This difference is partly a reflection of different research questions. Their paper interprets the average
human capital of the preceding generation as a measure of teacher quality, whereas the interest here is on
teacher quality, as well as other services (such as health care) provided by higher educated workers. The
average human capital of the preceding generation may e a good measure of teacher quality, but not access
to health services for example.

6It is important to note that the model presented here is vague on timing. The human capital effect is
dynamic, while the productivity effect is contemporaneous and dynamic. This timing is taken seriously in
the quantitative exercise which follows, but the static model allows for greater clarity in explaining some of
the results.
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ii) The cost of higher education is sufficiently greater than that for basic education: g2 > g1h1

at all levels of σ2.

The first part of Assumption 3 above ensures that the human capital available to individuals

is increasing with their level of education, an assumption which will be disciplined by observed

evidence on private returns to education. The problem amounts to picking the number of basic and

higher educated workers to maximize output and satisfy the resource constraint, while taking into

account the fact that the productivity and human capital of basic educated workers depend on the

proportion of higher educated workers.

The first-order conditions reveal that in an interior solution, the optimal proportion of higher

educated workers, σ∗2, equates the net social marginal benefit (SMB) for higher education to the

net social marginal benefit for basic education:

h2 − f∗

g2 + g1
+

f ′∗

g2 + g1
[1 + σ∗1(h∗1 − 1)− σ∗2] +

f∗(h′∗1 σ
∗
1)

g2 + g1
=
f∗(h∗1 − 1)

g1
. (5)

An asterisk (∗) above a variable indicates that it is a function of the the optimal proportion of

higher educated workers in the population, and a prime (′) is the first derivative of the variable

with respect to N2. Let σ∗1 represent the optimal proportion of workers in the economy who only

have a basic education, which can be derived by rearranging (3):

σ∗1 =
G

Ng1
− (1 + g2/g1)(σ

∗
2). (6)

Expression (6) illustrates the trade-off between basic and higher education in the model: If

there is no higher education, the term G/Ng1 denotes the maximum proportion of workers who

can be basic educated. The expression tells us that for every basic educated worker who goes on to

acquire higher education, there are potentially g2/g1 > 1 workers who have to remain uneducated.

The exercise here can be interpreted as examining whether it is justifiable, at prevailing stan-

dard estimates of the social returns to basic and higher education, to have one more higher edu-

cated worker over g2/g1 basic educated workers. The analysis in Section 4 show that, with reason-

able values for g2/g1 > 1, the human capital and productivity effects are large enough to justify

prevailing levels of investment in higher education as optimal.

In general, the outcome of the model depends on the shape of the functions f and h1, as well as

the relative sizes of N , G, g1 and g2. As long as the social marginal benefit (left-hand side of (5)) to

higher education outweighs the net SMB to basic education when σ2 = 0, it will beneficial to have

some higher educated workers. For the analysis in the next section, it is assumed that parameters

are such that the model yields an interior solution with a mix of higher and basic educated workers

which satisfy equations 5 and 6.
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2.5 Qualitative Results

Rate of Return Analysis Using Wages: Consider the wages which will result from the profit

maximization problem of a perfectly competitive firm in this model that takes σ∗2 as given:

w0 = Af(σ∗2) w1 = Af(σ∗2)h∗1 w2 = Ah2.

Private returns to different levels of education are ideally derived using age-earning profiles to

back out internal rates of return. Due to data limitations, an extended Mincer earnings function is

commonly used. Years of schooling are converted into dummy variables for each educational level,

with controls included for other independent variables.

As Psacharopoulos and Patrinos (2007) show, the extended earnings function method can be

approximated by the “shortcut” method, using conditional (on observables) mean wages for dif-

ferent educational levels. For example, the shortcut method estimates the ROR to basic education

as: (w1 − w0)/w0. This is the conditional mean wage gain for a basic educated worker, divided by

foregone earnings.

Applying the shortcut method to wages from the decentralized firm problem, the model coun-

terpart to private ROREs (rp) to basic and higher education respectively are given by:

rp1 = h∗1 − 1, and rp2 =
h2 − f∗h∗1
f∗h∗1

. (7)

The standard social return to education is estimated by accounting for the resource costs of basic

and higher education g1 and g2 respectively as part of the opportunity cost. For basic and higher

educated workers, the model counterpart to standard estimates of the social return to education

are given by:

rs1 =
Af∗(h∗1 − 1)

Af∗ + g1
, and rs2 =

A(h2 − f∗h∗1)
Af∗h∗1 + g2

. (8)

To be consistent with the pre-existing literature, the expressions in (7) will be referred to as

standard private rate of return estimates (ROREs), and those in (8) as the standard social (ROREs).

Notice that standard social ROREs do not account for any external benefits to basic or higher

education, which is important for the analysis that follow.

Remark 1. The first order condition in (5) can be written in terms of the marginal wage benefit of

basic and higher education weighted by their respective costs. At an interior solution, it must be that:

Γ∗ =
Af(h∗1 − 1)

g1
− A(h2 − f∗h∗1)

g2
(9)

Where

Γ∗ ≡ Af ′∗

g2
[1 + σ∗1(h∗1 − 1)− σ∗2]︸ ︷︷ ︸

Productivity Effect

+
Af∗h′∗σ∗1

g2︸ ︷︷ ︸
Human Capital Effect
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The expression in (9) is obtained by rearranging the first order condition in (5). The term “Γ∗”

is the marginal external benefit of higher educated workers (not reflected in wages of the higher

educated) on the traditional sector. It consists of two additive terms: The first is the effect of higher

educated workers on the TFP of all workers in the traditional sector (the productivity effect), and

the second is the impact on the human capital of basic educated workers (the human capital effect).

Both effects raise the value of a basic educated worker relative to a higher educated, and an

uneducated worker. The productivity and human capital effects raise the value of a basic educated

worker relative to a higher educated worker, and the human capital effect raises the value of a basic

educated worker relative to an uneducated worker.

The condition in (9) implies that Γ∗ is equal to the difference between the wage benefit of basic

and higher education, weighted by their respective costs. This difference in cost-adjusted wage

benefits is non-negative since by Assumptions 1 and 2, Γ∗ is non-negative. Equation (9) is conve-

nient for expressing the relationship between standard social ROREs to basic and higher education.

The result below summarizes the relationship between Γ∗ and the standard social ROREs:

Result 1. If Assumptions 1,2, and 3 hold, then:

1. Γ∗ is an upper bound on the difference between standard estimates of the social return to basic

education and to higher education in (8).

2. At the optimal level of σ∗2, the estimated social returns to higher education is not guaranteed to

be as large as that for basic education.

Proof. See Appendix B.

The second part of Result 1 implies that as long as Γ∗ is positive, the standard social RORE

to basic education will be greater than those higher education i.e. rs1 ≥ rs2. If Assumption 1 and

2 hold (Γ∗ is positive), then optimality does not imply that standard social ROREs for basic and

higher education should be equal. A significant contribution of this paper is demonstrating that Γ∗

is positive and quantitatively large.

The intuition behind the result is simple: estimates of the social return to education which come

from individual wages do not account for the fact that higher educated workers have some impact

on the productivity and human capital of the basic educated. Standard ROREs underestimate the

true social return to higher education. Note that it is not the case that one can justify every situation

where rs1 ≥ rs2 as optimal. Result 1 also shows that the gap between standard ROREs for basic and

higher education should be no greater than Γ∗.

Next, I analyze how the value of Γ∗ changes with σ∗2, and conditions under which one can

expect the social returns to basic and higher education to diverge:

Result 2. If Assumptions 1,2, and 3 hold, and the TFP of workers in the traditional sector is not too

responsive to changes in the proportion of skilled workers, specifically if f ′/f < (1 + g2/g1)/2, then

Γ is decreasing in the proportion of skilled workers. This implies that the gap between standard social
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ROREs for basic and higher education is decreasing in the optimal proportion of skilled workers, all

else equal.

Proof. See Appendix B.

To see why this is true, notice that as the proportion of higher educated workers increases, there

are opposing forces on the impact of the marginal higher educated workers in the traditional sector.

The impact of the marginal higher educated worker, Γ, decreases because the productivity and

human capital effects are getting smaller from concavity assumptions. Additionally, the proportion

of workers who only have a basic education is getting smaller, which decreases the human capital

effect. On the other hand, an increase in the TFP of basic and uneducated workers remaining in

the traditional sector will tend to increase the value of Γ. As long as the relative increase in TFP

(f ′/f) is not large enough to outweigh the reduction in output due to a decrease in basic educated

workers (g2/g1), Γ will be decreasing.

Is the sufficient condition in Result 2 likely to satisfied? Assume higher education only costs 3

times as much as basic education, which is a very conservative estimate for developing countries

(See ). The condition says that for a 1 percentage point increase in the proportion of higher

educated workers, the TFP of basic and uneducated workers should increase by no more than

2%. Using data from U.S. cities, Moretti (2004) finds that a 1 percentage point increase in the

proportion of college graduates raises wages by no more than 2% (this includes any human capital

and productivity effects).7 This is taken as evidence that the condition is likely to be satisfied, and

even more so when the cost of higher education relative to that of basic education is a lot larger

than 3, as is the case in many developing countries (See Table 6 for data from UNESCO (2012),

and Table 9 in (Glewwe and Kremer, 2006)).

Result 2 is important because it points out that we should expect to see larger gaps between

standard social ROREs for basic education and higher education, in economies where the propor-

tion of skilled workers is relatively low. This is because the impact of higher educated workers

on the traditional sector is larger for this group of countries. The result also suggests that the ef-

fects being discussed here should be small for countries with large proportions of higher educated

workers, which is confirmed by the quantitative exercise.

The set of countries which are being advised to reallocate funding from higher to basic educa-

tion due to relatively low standard social ROREs to higher education, are the same set of countries

where the human capital and productivity effects are larger. Such an education policy which ig-

nores the human capital and productivity effects will be counterproductive.

Impact of Shifting Education Funding:

7Bils and Klenow (2000) also find an elasticity of productivity with respect to the stock of human capital
of .77 which is consistent with the condition for Result 2.
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Result 3. If Assumptions 1,2, and 3 hold, and the the economy is at the optimal proportion of higher

educated workers with Γ∗ > 0, shifting education funding in order to equate standard social ROREs

for higher and basic education leads to a lower return to basic education, and also lowers the TFP in

the traditional sector.

Proof. If Assumptions 1,2, and 3 hold, from Result 1, we know that at the optimal proportion of

higher educated workers, social ROREs for basic education will be greater than those to higher

education. Equating social ROREs implies that there must be an increase the proportion of basic

educated workers, and a reduction in the number of higher educated workers. The reduction in

the proportion of higher educated workers lowers TFP in the traditional sector by Assumption 1,

as well as the human capital of basic educated workers by Assumption 2. Consequently, there is an

increase the return to a higher education because of the lower productivity and human capital of

basic educated workers. There is also a decrease in the return to a basic eduction because of lower

human capital.

Result 3 speaks to the potential impact of policies such as UNESCO’s Education for All (EFA)

initiative which recommend a focus on basic education, often at the expense of higher education.

The prominent economic rationale for these policies are larger social ROREs for basic education.

Such policies undoubtedly benefit uneducated workers who obtain basic education. For workers

who would have obtained a basic education anyway, and those who are now unable to obtain a

higher education, the policy makes them worse off.

More important, Result 3 implies that the return to policies such as EFA will be lower than

expected if higher educated is neglected. Indeed there is some evidence that expansions in basic

education have not been as profitable as one would have hoped in light of the large social ROREs.

Uwaifo-Oyelere (2010) for example, using evidence from the Universal Primary Education program

in Nigeria, finds that the returns to education are much lower (just 2.8%) than those previously

reported in the literature. The result above points out that such low rates of return to a rapid ex-

pansion in basic education is to be expected if the quantity of human capital (quality of education)

declines due to a decline in the proportion of higher educated workers.

The evidence on decreased returns to education may be a reflection of a decline in marginal

ability, or an increase in the supply of skills under conditions of stagnant demand, as opposed to

lower quality of education. However, quality declines are also documented in other direct measures

documented in UNESCO’s EFA global monitoring report (UNESCO, 2004). Other evidence indicat-

ing that basic educated workers, in many developing countries, graduate with lower than expected

levels of human capital such as poor literacy and numeracy skills, can be found in the survey by

Glewwe and Kremer (2006).

The productivity effect impacts the value of basic educated workers relative to higher education

workers (it increases the returns to higher education). Lowering the productivity effect, leads

to a reduction in the level of wages earned by basic educated workers. This may be important
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in explaining productivity differences across countries in a world with technical change directed

towards skilled workers (Acemoglu and Zilibotti, 2001; Ciccone and Papaioannou, 2009). Having

a low proportion of skilled workers means that countries are unable to access current technologies,

or adopt them for their own uses.

In summary, in a model with human capital and productivity effects, wage-based estimates

of social rates of return to basic and higher education are not necessarily equal at the optimal

proportion of higher educated workers, unless the proportion of higher educated are sufficiently

large. Looking at wage-based social ROREs across countries will present a distorted picture on

the optimal allocation of education resources. For countries with a small proportion of higher

educated workers, the gap between estimated social returns should be larger because Γ∗ is larger,

and the gap should decrease as the proportion of higher educated workers increases. Policies aimed

at equalizing social ROREs will lead to worse than expected outcomes for basic educated workers.

These policies lower the human capital and productivity of basic educated workers. The importance

of these predictions however, depends on the size of the human capital and productivity effects, a

question which is addressed in the next two sections.

3 Estimating Parameters of the Model and Calibration

In this section, I describe how the parameters of the model for the human capital production

function, and the relationship between productivity and the proportion of higher educated workers

are estimated. All other parameters are chosen so the model matches features of the data on

private returns to education, proportion of educated workers in each education category, and GDP

per capita. The key object to be quantified is the term Γ:

Γ ≡ Af ′

g2
[1 + σ1(h1 − 1)− σ2]︸ ︷︷ ︸

Productivity Effect

+
Afh′σ1
g2︸ ︷︷ ︸

Human Capital Effect

.

In order to quantify Γ, parameters of the basic human capital production function h1, as well

as the function relating the TFP of basic educated workers to the proportion of higher educated

workers, f are required.

3.1 Higher Educated Workers and Human Capital Production:

The human capital production function of basic educated workers in (2) is given by:

h1 = σβ12 exp{θs}.

The parameter of interest here is β1 which determines the impact of higher educated workers

on the human capital of basic educated workers. From Assumption 2, the null hypothesis is that β1
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is strictly positive, and less than 1(concavity).

Identifying β1 from wages requires that the productivity effect is held constant as the proportion

of higher educated workers changes. This is challenging because a change in the proportion of

higher educated workers is reflected in wages through changes in productivity, as well as changes

in the quality of human capital. To solve this problem, I exploit observed differences in returns to

education, when human capital is employed in a location different from where it was obtained.

We can identify β1 using information on the rate of return to education for immigrants in the US,

relative to US natives.

Conjecture 1. Consider two basic educated individuals living in the US. These individuals only differ

based on the location where education was acquired; one from country i and the other from the US,

which have different proportions of higher educated workers. Any differences in the gross rate of return

to education are related to differences in home-country quality of education:

ln(Ri/RUS) = β1(lnσ2,i − lnσ2,US).

The expression above can be obtained by plugging (2) into the expression for private return

to basic education in (7). The model predicts that any differences in wages and rates of return

to education, for two individuals who are observably identical except for their country of educa-

tion, must be due to differences in human capital (proportion of higher educated workers).8 The

proportion of higher educated workers in the model, σ2, represents the quality of basic education.

This strategy identifies the effect of the proportion of higher educated on human capital because it

picks up variations in wages that is due to the quality of education(proportion of higher educated

workers and other home country), while leaving the productivity and other aggregate effects on

wages fixed.9

To implement the idea, I run the regression below:

lnRi,2000 = lnRUS + β1lnσ2{i,80} + η′(Ωi,80) + εi. (10)

I use data from Schoellman (2011) for estimates of the average returns to education for immigrants

to the U.S. in the 2000, 1990, and 1980 censuses by country of origin. These estimates are espe-

cially suited to this application because they control for observables, such as years of schooling,

age, licensed/non-licensed occupation, English capability, and year of entry into the US.

8A similar result in the context of a different model where individuals choose their years of schooling can
be found in Schoellman (2011). The paper uses these estimates of returns to education by country of origin
to correct for human capital differences in a growth accounting exercise.

9See the aforementioned paper by Schoellman (2011) for more detail on why these returns identify
differences in quality of education. The paper demonstrates that after controlling for selection, as well
as language effects, these differences still persist. Bratsberg and Terrell (2002) using a smaller sample of
countries from the 1980 and 1990 censuses, also show that differences in returns to education by country
of origin are strongly related to different measures of education quality, but their measures of quality do not
include the proportion of higher educated workers.
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There are other variables which could influence the quality of education, as suggested by Table

4 in Hanushek and Kimko (2000), and Table 3 in Bratsberg and Terrell (2002). The baseline

regression uses returns to education in the US by country of origin in year the 2000. These are

regressed on the proportion of higher educated workers, the proportion of basic educated workers,

the pupil-teacher ratio, and real government education expenditure per-pupil in 1980, which are

contained in Ω.

Data on the proportion of educated workers (aged 25+) at the basic and higher education levels

are taken from the updated Barro-Lee dataset (Barro and Lee, 2010). For the regressions, I define

higher educated workers as those who have completed a secondary education.10 All other measures

of education quality are taken from the dataset described in Barro and Lee (1996). The year 1980

is chosen to reflect prevailing schooling conditions when immigrants in the 2000 census acquired

their basic education.11 Regional dummies for sub-Saharan Africa, the OECD, Latin America, and

East Asia are also included to control for any regional fixed effects. Appendix A contains the list of

countries used in the estimation, as well as important variable definitions.

Figure 2 plots estimates of education quality taken from Hanushek and Kimko (2000) obtained

from standardized test scores (PISA and TIMSS) in a variety of countries, against the proportion

of higher educated workers in 1980. It provides support for the hypothesis that the proportion

of higher educated workers is related to schooling quality. The correlation is high at .47, but the

proportion of primary educated (which includes everybody with primary education and above) is

also highly correlated with schooling quality and proportion of higher educated, with coefficients of

.67 and .74 respectively. This indicates that it is important to control for the proportion of primary

educated as a measure of education quality in the regression.

The second part of Figure 2 plots estimates of the relationship between average returns to

education of an immigrant from a given country relative to a US native(the measure of human

capital quality used here), and the 1980 proportion of higher educated workers. These estimates

are presented in Table 1, and they show that the proportion of higher educated workers is positively

related to quality of education, and differences in returns to education for immigrants in the U.S.

The second column of Table 1 presents the baseline estimate of β1 at .013. It indicates that a 1%

rise in the 1980 proportion of higher educated workers in an immigrant’s home country, increases

the returns to education of the immigrant relative to a U.S. native by 1.3%.

The third column of Table 1 confirms that the proportion of basic educated alone is also strongly

correlated with relative returns, but in columns 4-6 which control for the proportion of higher

educated workers, this effect disappears. This is taken as evidence that these differences in returns

10I also run the regression using proportion of individuals who have completed tertiary education, or
those who have at least attained tertiary education as the definition of higher educated. These change the
precision, but not the magnitude of the estimate.

11Values from 1975 and 1985 are used to test for the sensitivity of the results to the chosen year of 1980.
The results do not change significantly using these alternative measures. Results using the year 1980 are
reported here since they also coincide with the 20 year time lags for quality measures used in Bratsberg and
Terrell (2002).
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are not a result of basic education per se, but specifically a result of higher educated workers. This

is not especially surprising, because as can be seen in Figure 8, there is a very weak relationship

between the home-country 1980 proportion of basic educated, and returns for immigrants in the

U.S. The estimate of β1—positive and less than one—is also consistent with Assumption 2 which

states that the human capital production function is concave and increasing in the proportion of

higher educated.

Including controls for the pupil-teacher ratio (P-T ratio) and expenditure-per-pupil (Exp), at

the primary and secondary levels of education, do not significantly alter the estimate of β1. The

P-T ratio at the primary education level is not significant, and has the wrong sign compared to that

in Bratsberg and Terrell (2002). When the same regression is performed without the proportion

of higher educated workers, the P-T ratio becomes significant and has the correct negative sign

(compare Table 1 with Table 3 in Bratsberg-Terrell). I interpret this as evidence that some of the

impact of higher educated workers come through teachers, as well as other services such as public

health provided to pupils.

Finally, the effect of higher educated workers remain significant even after controlling for edu-

cation expenditure. This provides some support for the assumption that teacher salaries alone do

not fully capture the effects of differences in education quality. I use β1 = .013 in the next section

to compute the the human capital effect.

3.2 Elasticity of Basic Educated TFP to Higher Educated Workers:

I follow the endogenous growth literature (Romer (1986); Lucas (1988)) and represent the

function f as:

f(σ2) = σα2 .
12

The traditional and modern sectors in the model are interpreted as the agricultural and non-

agricultural sectors respectively. This interpretation is based on a couple of stylized facts on de-

veloping countries which are consistent with the structure of the model presented earlier. First,

there are important productivity differences between the agricultural and non-agricultural sectors.

Within a typical developing country, productivity in agriculture which employs over 70% of the

workforce is significantly lower than that in the non-agricultural sector (Restuccia et al. (2008);

Gollin et al. (2011)). This implies that the ratio of labor productivity in the non-agricultural to

agricultural sector is greater than 1.

Secondly, cross-country differences in agricultural productivity are far greater than differences

in aggregate productivity (Restuccia et al., 2008). In a world with high-skill directed technical

12One important difference is that most of the literature uses the average stock of human capital instead
of the proportion of higher educated workers. The formulation here attempts to capture the effect of human
capital on productivity that comes through higher educated workers.
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change where productivity differences decline with a sector’s proportion of skilled workers as in

Acemoglu and Zilibotti (2001), lower productivity in agriculture relative to the aggregate will

imply that it employs a larger proportion of low-skilled workers.

Estimates of human capital differences across sectors confirm that average years of schooling

and quality of education are lower in the agricultural sector (Gollin et al., 2011; Vollrath, 2009).

Gollin et al. (2011) for example, find that average years of schooling in the non-agricultural sector

is about twice as large as that in the agricultural sector, with the ratio rising to 2.8 in the countries

of sub-Saharan Africa.

The agricultural productivity gap(APG) is defined as the ratio of effective human capital pro-

ductivity in the non-agricultural to the agricultural sector. In this model, the APG is given by:

σ−α2 . (11)

Assumption 1 will imply that α is strictly positive and less than one, so that the TFP of workers in

the traditional sector is an increasing, and concave function of the proportion of higher educated

workers. This leads to the conjecture below:

Conjecture 2. Controlling for effective human capital, the agricultural productivity gap across coun-

tries is decreasing with the proportion of higher educated workers.

For data on effective human capital adjusted APGs, I make use of the estimates provided in

Gollin et al. (2011). The authors estimate APGs for a set of 97 developing countries using value

added and employment data from the Food and Agriculture Organization(FAO). The raw APGs

are obtained by taking a ratio of value added per worker in the non-agricultural to agricultural

sector. They then adjust the raw gaps for hours worked, average years of schooling, and quality

of education using information from representative surveys and censuses. Adjustments reduce the

average productivity gap by about 50%, but large gaps still remain.

I use these adjusted APGs, which control for factors influencing aggregate productivity in both

the modern and traditional sectors, to estimate α. Figure 3 plots the raw and adjusted APGs

as a function of the proportion of higher educated workers in 1995. I only include countries

for which the proportion of higher educated workers are also provided in the Barro-Lee dataset

which yields a total of 55 countries (see appendix A for list of countries). The adjusted APGs are

negatively correlated with the proportion of higher educated workers, which provides some support

for Conjecture 2. The correlation coefficient excluding the outliers, Burkina Faso and Madagascar,

is -.32 which is significant at the 1% level. In contrast, the APG is neither significantly correlated

with the proportion of workers who have completed basic(primary) education, nor the average

year of schooling. The correlation coefficients are -.12 and -.11 respectively.

The identifying assumption behind this exercise is that adjusting for differences in human cap-

ital, the only reason why the APG differs between countries is due to differences in proportion

of higher educated workers (reflected in technological adoption and improved health services for
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example). All other aggregate factors, such as bad governance or institutions, that may influence

productivity and education incentives should leave the current APG unchanged as they affect all

sectors. The adoption of technologies, or improved public health services, could also increase pro-

ductivity in the modern sector. Using the APG deals with this as well because it only captures

increases in traditional sector TFP beyond those in the modern sector. This is exactly the productiv-

ity effect—increases in TFP due to more higher educated workers reflected in basic and uneducated

wages, which are not reflected on the wages of higher educated workers.

The elasticity of traditional sector TFP to higher educated workers is estimated from the equa-

tion below:

ln(APGi) = α0 − αlnσ2{i,2000} + ψControlsi,2000 + εi.

The controls are motivated by other determinants the APG dicussed in the literature. Evidence from

Caselli and Coleman (2001) and Vollrath (2009) show that agriculture is relatively more physical-

capital intensive for countries with a higher proportion of higher educated workers. This calls for

controls for physical capital to be included in the regression above, which is taken from estimates of

physical capital in agriculture in FAOSTAT (2012). I use the stock of machineries as the measure of

capital stock, as it appears to be most relevant to level of education, and also adjust for the number

of agricultural workers.

The concern above notwithstanding, if the greater adoption of physical capital in the agricul-

tural sector is due a greater proportion of trained (higher educated) workers as technicians for

example, controlling for physical capital stocks may underestimate their impact on the agricultural

sector. There may also be concerns regarding country fixed effects such as geography or climate

which make some countries more productive in agriculture. For this reason, I include regional fixed

effects in the regressions. I also control for arable land per capita, and the population growth rate

using data from FAO.

Results from the regression are shown in Table 2. Column 1 is a regression of the log-adjusted

APGs on log of the proportion of higher educated workers in 1995, which yields a baseline estimate

of α = .138.13 The regression confirms that the proportion of higher educated worker is negatively

related to the APGs, adjusted for effective human capital, as depicted in Figure 3.14 Controlling

for the proportion of workers who have at least a basic education does not change the estimate in

column 2.

Column 5 includes the full set of controls for population growth, machinery, and arable land

13I consider 1995 a suitable year as it reflects prevailing conditions when a majority of these APGs were
collected(1995-2005). I also used the proportion of higher educated workers in 1990, 2000, and 2005. But
the estimates do not change significantly, the point estimate for α goes from .138 to .13 if I use the year
2000, and .122 if I use the year 2005.

14Interestingly, using the APGs which are not adjusted for human capital yields a larger estimate for α.
I conjecture that this is because it captures the productivity effect, as well as the effect of higher educated
workers on human capital.
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per capita. The estimates show that a faster population growth increases the APG, and that having

more arable land per agricultural worker reduces the APG, as one would expect. Countries with

more arable land will be more productive in the agricultural sector regardless of the proportion of

higher educated workers. This means that there is a level component in the productivity of the

traditional relative to the modern sector which is not explicitly accounted for in the specification

for f(σ2), but will be reflected in a higher aggregate TFP (A).

A concern with the identifying assumption here is that the proportion of higher educated work-

ers may be endogenously determined along with the agricultural productivity gap. In the models

of Schultz (1975) and Lagakos and Waugh (2011), given low aggregate productivity and a sub-

sistence requirement, individuals who are not particularly good at agriculture may be forced into

agricultural work which does not require a higher education. This reduces productivity in agri-

culture relative to non-agriculture (increasing the APG), and also leads to fewer higher educated

workers. So an increase in aggregate productivity will directly reduce the APG by ensuring fewer

workers are needed to meet the subsistence requirement, and also increase the proportion of higher

educated workers creating a spurious negative correlation.

First, it is not clear that increasing agricultural productivity will immediately result in more

education, and more workers leaving the sector. An evaluation of the Millennium Villages Project

(MVP) in Kenya found that an increase in agricultural productivity, which enables individuals meet

subsistence requirements, actually decreases participation in the non-agricultural sector. Wanjala

and Muradian (2011) find that a 70% increase in agricultural productivity for MVP villages de-

creases participation in profitable non-farm employment, as opposed to moving individuals out of

agriculture as subsistence requirements are now being met. There are factors keeping individuals

in agriculture, but subsistence requirements do not tell the full story.

One could imagine that in the short term, individuals have acquired human capital specific to

the agricultural sector, which will discourage movements out of that sector even with increases in

productivity alleviating subsistence needs. An increase in agricultural productivity today will be

reflected in more education for the future generation (but not today’s farmers). Under the frame-

work described above, and supported by evidence from the MVP in Kenya, there is no endogeneity

problem regressing current APGs on current, or past proportion of higher educated workers.

Secondly, it could be that aggregate productivity is low because the proportion of higher edu-

cated workers is low as in models of directed technical change and technological adoption (Ace-

moglu and Zilibotti (2001)). This leads to the correlation between APG, aggregate productivity,

and the proportion of higher education as predicted by models, such as the Lagakos-Waugh model

of subsistence requirements for example. If this is the case, there is no endogeneity problem and

the identification strategy remains valid.

It is probably not the case that all cross-country agricultural productivity differences are due to

lack of technological adoption or a shortage of health services provided by higher educated work-

ers. There may be some bias arising out of subsistence requirements. To address these concerns,
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I also restrict the sample to countries with per-capita incomes above $1000 where subsistence re-

quirements are less likely to be important compared to constraints on technological adoption, and

doing so does not change the result.

3.3 Calibrating the Other Parameters

Parameters left to be calibrated are: the human capital of basic and higher educated workers, h1
and h2, costs of basic and higher education, g1 and g2, and aggregate productivity A, which are all

country-specific. Given β1 and α, I choose parameters so the model matches estimates of private

returns to education, the proportions of basic and higher educated workers, and GDP per capita.

The model is calibrated to data from 1990. When 1990 data is not available, I use the earliest

available data in the 10 year window, 1985-1995. The year 1990 is chosen because a majority of

the rate of return estimates(ROREs) in Psacharopoulos and Patrinos (2004) were obtained during

that time period.

To obtain calibrate the human capital of basic-educated workers, I pick parameter so the model

matches the private ROR to basic education. The private return to education in the model is given

in (7) as rp1 = h1 − 1 = σ2
β1exp{θs} − 1. Given β1 from the previous section, as well as σ2 (the

proportion of higher educated workers) in the data, exp{θs} is chosen so the model matches private

ROREs in Psacharopoulos and Patrinos (2004). The human capital of higher educated workers, h2,

is also chosen to match the private ROR to higher education. Given h1, α, and σ2, the solution for

h2 solves: rp2 = (h2/fh1)− 1 = h2/(σ
α
2 h1)− 1 for each country.

In order to get ROREs in the model consistent with standard annualized ROREs, I need to

take a stand on the length of a basic education, which will determine total foregone earnings. I

follow Psacharopoulos and Patrinos (2007), in assuming only 3 years of foregone earnings for basic

educated workers. So I multiply the ROREs from Psacharopoulos and Patrinos (2004) by 3 to get

the return on a basic education.15 For higher educated workers, I assume 7 years of foregone

earning, 3 years for upper secondary school and 4 years for tertiary education.

Given h1, h2, and σα2 , I choose the relative cost of higher to basic education, g2/g1, so that the

solution to the social planner’s problem, characterized by (9), matches the proportion of higher

educated workers in 1990. Given the other parameters and using data on G/N , aggregate expen-

diture on education per student from UNESCO (2012), g1 is chosen to match the proportion of

basic educated workers in 1990 from (6).

The parameter, A, is important for computing estimates of social returns to education from

(8), is chosen so that output-per-capita in the model matches data on real GDP-per-worker (PPP

constant$) from The World Bank (2012). Table 3 summarizes parameter values, for all countries

which will be used in the analysis (these are countries for which I have estimates of private returns

15On average, it takes 6 years to complete basic education. But most basic educated pupils are not going
to be working at those ages anyway, so assuming 6 years of foregone earnings understates the return to a
basic education.
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to basic and higher education from Psacharopoulos and Patrinos (2004), developed countries are

excluded.). The full list of parameters are contained in Table 6 of Appendix A.

Average estimates of the human capital of basic educated workers, h1, reflect estimates of the

private return to basic education for this group of countries, at 75% and 54% respectively (25%

annualized). Note that these estimates of human capital are only comparable within countries.16

This is not a problem for my analysis, however, because I compare returns within countries.

4 Results

4.1 Productivity Effects, Human Capital Effects, and Social ROREs

In this section, I compute the social returns to higher and basic education implied by the model

for the countries in my dataset (which I call the true social ROR), and standard social ROREs which

come from wages. In computing social returns, I stick closely to the methodology in Psacharopou-

los and Patrinos (2007); benefits divided by social costs (foregone earnings, and the total public

cost of education for 7 years)17. The only difference here is that I also include benefits from the

productivity and human capital effects. The true social ROR to higher education is calculated as:

rsocial2 ≡

External Effects︷ ︸︸ ︷
Af ′[1 + σ1(h1 − 1)− σ2]

7(Afh1 + g2)︸ ︷︷ ︸
Returns from Productivity Effect

+
Afh′σ1

7(Afh1 + g2)︸ ︷︷ ︸
Returns from Human Capital Effect

+
A(h2 − f∗h∗1)
7(Afh1 + g2)︸ ︷︷ ︸

Standard social ROR

. (12)

The social ROR to higher education consists of three parts. The first is the productivity effect

divided by the social opportunity cost of one more higher educated worker; the output of a basic

educated worker, Afh1, and the direct cost of higher education, g2, for seven years for higher

education. The second is the human capital effect, also divided by the social opportunity cost

of a higher educated worker. The third part is just the standard RORE of social returns to higher

education, using information from wages and direct social cost of higher education as in (8). Social

returns to basic education is calculated using the expression given in (8) as it is assumed there are

no external returns to basic education.

Social returns to higher and basic education from the model are plotted in Figure 4(the returns

16For example, a higher educated worker in Zimbabwe has h2 = 9.5, compared to one in Brazil with
h2 = 4.32. But this does not mean a higher educated worker in Zimbabwe has twice as much human capital
in Zimbabwe compared to Brazil. Instead, my measure of human capital reflects the higher skill premium in
Zimbabwe, and without data on skill prices, it is not possible to separate the effect of skill prices on the skill
premium from that of skill quantities on the skill premium.

17The conclusion is not very sensitive to the number of years chosen (4-10 years have been tried), because
parameters are chosen to match private returns to education. So more years of foregone earnings for higher
educated workers will also be reflected in higher human capital for higher educated workers, h2.
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are contained in Table 4 of the appendix).18 It illustrates the basic result of this paper: the produc-

tivity and human capital effects can account for the difference between standard ROREs to basic

and higher education. From Figure 4 we see that the standard pattern in Figure 1 is reversed, and

the social return to higher eduction is now larger than that for basic education in most countries.

The median difference between social returns to higher and basic education is about 5.3 per-

centage points, compared to a difference of -4 percentage points in standard estimates from Psacharopou-

los and Patrinos (2004), and -9 percentage points in standard estimates from the model. The me-

dian external effect of about 13-percentage points is large enough to more than account for the

difference between standard estimates of social returns to higher and basic education.

From Table 4, we can see that returns arising from the productivity effect predominate. Returns

arising from human capital effect is below 1-percentage point for most countries in the dataset, and

do not contribute significantly to the social ROR for higher education. The human capital effect

is large for the marginal higher educated worker (it is on average 13% of basic educated wages),

but returns are small because this pales in comparison to foregone wages and the costs of higher

education. However, this does not mean that the human capital effect is unimportant, it could have

important implications for the private return to basic education. Section 4.3 discusses possible

impacts of ignoring these external effects, but first I examine how standard ROREs systematically

underestimate social ROREs to higher education.

Model Fit: The positive difference between social returns to basic and higher education does

not disappear because the model systematically overestimates standard social returns to higher

education, or underestimates social returns to basic education.

Figure 5 and Table 5 contained in Appendix A, show the model does a good job of matching

standard estimates of social returns to both basic and higher education. Estimates of standard

returns to education from the model, which do not account for external effects fit well with those

from Psacharopoulos and Patrinos (2004). Most of the estimates in Figure 5 cluster around the

45-degree line, with a zero mean difference between standard ROREs for higher education in the

data and model (see Table 5).

Social returns to basic education do tend to be overestimated by the model, but this difference

is not statistically significant. As the second part of Figure 5 shows, most of the estimates are not

significantly different from those estimated from standard data, but outliers such as Papua New

Guinea, Venezuela, as well as Botswana, Liberia, and the Dominican Republic noted earlier tend to

skew the average. In all, the model matches social returns to education when external effects are

not taken into account, and the larger social return for higher education is due to large productivity

and human capital effects.

Just as in standard estimates, the model predicts that standard ROREs for basic education will

18Figure 4 excludes Botswana, Liberia, and the Dominican Republic since the social ROREs for basic and
higher education are outliers. I ignore these countries in most of the analyses that follow because it helps
present a clearer view of the results without altering the big picture.
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be larger than those for higher education. But based on this pattern, however, one cannot immedi-

ately conclude there is an over-investment in higher education. This is because the productivity and

human capital effects are large enough to account for any differences in standard ROREs. Ignoring

them may lead to a misleading picture of social RORs.

4.2 Underestimation of Social Returns to Higher Education

Next, I take standard social ROREs to higher education from the model (without external ef-

fects), and compare them to true estimates of social returns to higher education (with external

effects). I explore the quantitative significance of Result 2, which predicts that the human capital

and productivity effects are decreasing in the proportion of higher educated workers.

The prediction from Result 2 does hold, and the difference between standard and social returns

(the external effect) declines with the proportion of higher educated workers, as shown in Figure 6.

Including all countries, the correlation coefficient is -.81. The result does not hold precisely because

“all things are not equal,” and the relative cost of higher education(g2/g1) tends to decrease with

the proportion of higher educated workers. This means that we expect to see larger human capital

and productivity effects in countries with smaller proportions of higher educated workers. Indeed,

if I calibrate the model using US proportion of higher educated workers, these effects are quite

small (just 3 percentage points).

What does this mean for the gap between standard ROREs for basic and higher education across

countries? Figure 7 shows how the human capital and productivity effects, and standard estimates

of the gap between social returns for basic and higher education are related. Larger external effects

imply larger gaps between standard social ROREs to basic and higher education. For example, in

Venezuela (VEN), the return due to the external effects is about 23 percentage points, and standard

estimates place the social return to basic education 15 percentage points higher than that to higher

education. In Argentina (ARG) on the other hand, standard estimates of the gap between social

returns to higher education and basic education is close to zero, and the return due to external

effects is only 8%.

Standard social ROREs systematically overstate the gap between the social return to basic and

higher education. In countries where the proportion of higher educated workers are smaller, exter-

nal effects are larger, and standard estimates of the gap between social returns to basic and higher

education are larger. The size of the difference between standard social ROREs is not random, they

decrease with the proportion of skilled workers. The conclusion often reached based on standard

estimates of social RORs (reallocation of funding from higher to basic education) is not supported

here. Countries where standard social returns to higher education are significantly lower than basic

education, and appear to be over-investing in higher education, are those where external effects

are potentially larger.

The patterns in Figures 6 and 7 also imply that these external effects and gaps are unimportant

for countries with large proportions of higher educated workers. Estimates of social returns to
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higher and basic education available for a few OECD countries in Psacharopoulos and Patrinos

(2004) support this implication. They find standard social ROREs of 8.5% to basic and higher

education. External effects are small, which means that standard social ROREs may serve as a

useful tool for education policy in that context. For developing countries with a smaller proportion

of higher educated workers however, these standard ROREs are not reliable due to larger external

effects.

4.3 Impact of Reallocating Funding on Basic Education

What is the impact of policies, which call for a shift of resources towards basic education based

on standard ROREs that ignore the productivity and human capital effects on the basic educated?

First, I solve the model for the implied proportion of higher educated workers with, and without

accounting for external effects. This involves solving for the optimal proportion of higher educated

workers by setting the left-hand side of (9) to zero, given the parameters in Table 6. I then compute

the implied private return to basic education (effect of excluding the human capital effect), as

well as the wage level of basic educated workers (effect of excluding all effects). The results are

contained in Table 7.

The first two columns of Table 7 show the proportion of higher educated workers, with and

without external effects. Education policy which does not account for these external effects po-

tentially misses a significant portion of the social return to higher education, and will underfund

higher education. For example, in Argentina about 12% of workers have attained higher education,

but ignoring external effects, the model predicts that only 1% of workers should have be higher

educated given observed standard returns. The same pattern holds for all countries in the dataset;

ignoring external effects leads to a lower optimal proportion of higher educated workers (and a

higher proportion of basic educated).

Formulating education policy based on standard ROREs will lead one to conclude that there is

significant over-investment in higher education. For some countries where the gap between stan-

dard ROREs to basic and higher education is relatively large, the model without externalities pre-

dicts that public resources should not be allocated to higher education (see Ghana, Guatemala, or

Lesotho). This is consistent with the conclusion reached by the World Bank (1995) in its education

strategy document. As discussed in the introduction, the document concludes that public resources

need to be focused on basic education, with higher education moving towards self-financing. Here

we see that this conclusion is only valid when external effects are small. As discussed earlier in

this section, these external effects are large. What is the impact of reallocating funding in order to

equate standard social RORES, given the large external effects found here?

The third and fourth columns of Table 7 compute implied private returns to basic education,

using the proportion of higher educated workers with and without external effects. Since basic

and uneducated workers work in the same sector, this only captures the impact of the human

capital effect (impact of higher educated workers on the human capital of the basic educated).
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Ignoring countries for which the predicted proportion of higher educated workers is zero, there is

a significant reduction in private returns to basic education in response to an expansion in basic

education. In Honduras for example, the private return to basic education falls from 20% to 12% ,

and in Nepal it falls from 16.6% to 9.4% following an expansion in basic education.19

This is consistent with the finding in Uwaifo-Oyelere (2010) that the average rate of return

to basic education is only 2.8%, following the expansion of Nigeria’s universal basic education

program; this is a lot lower than the average 11.7% RORE for sub-Saharan Africa countries. The

framework here suggests that such a decline in returns to basic education, which follows an expan-

sion at the expense of higher education, is partly due to a resultant decline in the quality of basic

schooling. In a model in which individuals choose education quantity, falling returns may even lead

to a decline in basic education enrollment. Althoguh the human capital effect does not contribute

significantly to social ROREs, it is still important because it informs us about the impact of higher

educated workers on the return and attractiveness of basic education.

The last two columns of Table 7 show how the wage level of basic educated workers changes

with a decline in higher educated workers. There is a decline in the wage level of basic educated

(and uneducated) workers in response to the expansion in basic education. Note that this decline

is not due to diminishing marginal returns, or increasing abundance of basic educated workers, as

the effective marginal product basic educated workers is assumed to be constant. It is caused by a

decline in the productivity of the “traditional” sector, as well as a decline in the human capital of

basic educated workers.

The size of the decline in wage levels varies based on the size of the external effects. Take Brazil

where external effects are large (17 percentage points from Table 4), the wage of basic educated

workers will be 30% lower than it would have been if education policy (and the proportion of

higher educated workers), was set taking external effects into account. In the Philippines where

these effects are smaller, the wage of basic educated workers is only about 13% lower if education

policy is set based on standard ROREs. Overall, wage levels for basic educated workers are over

15% lower for most countries, as a result of declines in TFP and human capital.

5 Conclusion

Standard estimates of the social rate of return (R0R) to education, which are larger for basic

compared to higher education, have been used to justify the focus of public resources on basic

education. This is often at the expense of higher levels of education. In this paper, I have argued

that these standard social ROR estimates are not reliable for education policy. There are quantita-

tively important externalities to higher levels of education, which are related to their impacts on

19Excluding countries with no higher educated workers is necessary because the human capital production
function in (2) does not admit zero higher educated workers. This will imply that obtaining a basic education
destroys an individuals human capital.
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productivity and future human capital.

I quantify these effects in a cross-section of developing countries. I find that the social ROR

to higher education is about 10-40 percentage points larger than standard estimates indicate, as a

result of the human capital and productivity effects. These effects are large enough to account for

the difference between standard social ROR estimates to basic and higher education. I also show

that the less educated a country is—lower levels of higher educated and basic educated workers,

the larger the external effects of higher education, and the larger the difference between standard

estimates of the social ROR to basic and higher education. Lastly, an expansion in basic education

at the expense of higher education, based on standard social ROR estimates, potentially leads to

some unexpected consequences for basic educated workers. There are lower returns to a basic

education, because of a decline in the quality of basic schooling. Furthermore, there is a significant

decline in the productivity of basic educated workers. This decline in productivity exceeds 30% of

the wage for basic uneducated workers, for most countries in the dataset.

Standard ROR estimates are therefore unsuitable for education policy because they do not

account for the human capital and productivity effects. This study does claim that the social return

to higher education is larger than that for basic education; I do not investigate the possibility of

externalities to basic education. Basic education is important, but there has to be a balance between

basic and higher levels of education. This is because higher educated workers are an input into basic

education, and in a world where technical change is increasingly skill-biased, higher educated

workers are also important for productivity. What is this balance, and how can it be achieved,

especially for countries yet to achieve universal basic education coverage? This question is left for

future research.

Appendix A Data, Tables, and Figures

Appendix A.1 Description of Data and Sources:

• Data on proportion of educated for individuals aged 25+ is taken from Barro-Lee(2011). I

define higher educated workers to be workers who have attained tertiary education even if

not completed.

• Data on education systems; parent-teacher ratios and expenditure per pupil at the primary

and secondary levels of education are taken from Barro-Lee(1996), and supplemented with

data from UNESCO (2012).

• Data on returns to education for immigrants from different countries in the U.S. is taken from

Schoellman (2011).

• Data on human capital quality adjusted agricultural productiviy gap is taken from Gollin et

al. (2011).
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• Controls for agricultural physical capital, arable land per agricultural worker, and population

growth are taken from FAOSTAT (2012).

28



Table 1: Relative Returns to Education and Higher Educated Workers

Dependent Variable is Log-Returns to Education in US for year 2000
T-statistics in parentheses

H-K Quality 0.036*** 0.034***
(3.30) (2.73)

Higher-Educated(1980) 0.013*** 0.012** 0.011** 0.012** 0.011*
(3.28) (2.58) (2.53) (2.23) (1.84)

Basic-Educated(1980) 0.009*** 0.001 -0.014 0.006 0.008
(2.73) (0.19) (-1.58) (0.80) (1.08)

Pri P-T Ratio(1980) 0.018 0.01
(1.32) (0.73)

Sec P-T Ratio(1980) -0.029** -0.008
(-2.60) (-0.74)

Exp-pri(1980) -0.009
(-0.99)

Exp-sec(1980) 0.023***
(2.83)

EAP 0.002 0.004
(0.21) (0.45)

LAC -0.021** -0.027***
(-2.44) (-3.29)

MENA 0 -0.013
(-0.01) (-1.27)

SA 0.003 -0.025*
(0.19) (-1.82)

SSA 0.013 -0.016
(1.03) (-1.19)

Constant 0.070*** 0.087*** 0.060*** 0.086*** 0.096*** 0.089*** 0.094***
(24.93) (12.08) (19.79) (8.64) (11.02) (9.59) (9.53)

R2 0.189 0.159 0.05 0.159 0.304 0.334 0.534
Number of Countries 71 91 92 91 71 82 64

Note: Proportion of higher educated workers refers to all workers who have completed secondary education
***Significant at the 1% level **Significant at the 5% level *Significant at the 10% level

Table 2: Adjusted APGs and Proportion of Higher Educated Workers

Dependent Variable is Log-Adjusted APG
T-statistics in parentheses

Higher-Educated(1995) -0.138** -0.138** -0.117 -0.132 -0.166*
(-2.20) (-2.16) (-1.53) (-1.34) (-1.93)

Basic-Educated(1995) 0.017 0.036 -0.053 -0.135
(0.11) (0.25) (-0.40) (-1.00)

Arable Land Per Worker 0.007 -0.07 -0.234***
(0.14) (-1.10) (-2.93)

Pop. Growth 0.051 0.048 0.051
(1.13) (1.19) (1.48)

Machinery Per Worker 0.172***
(2.74)

EAP -0.668** -0.377
(-2.58) (-1.39)

LAC -0.461** -0.212
(-2.67) (-1.14)

MENA -1.104*** -0.920**
(-3.29) (-2.59)

SA -0.560* -0.226
(-1.99) (-0.75)

SSA -0.408 0.004
(-1.55) (0.01)

Constant 0.363** 0.381* 0.079 0.407 0.188
(2.35) (1.76) (0.19) (1.08) (0.54)

R2 0.086 0.086 0.11 0.351 0.433
Number of Countries 55 55 55 55 55

***Significant at the 1% level **Significant at the 5% level *Significant at the 10% level
Note: Proportion of higher educated workers refers to all workers who have completed secondary education
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Table 3: Summary of Parameters

Country h1 h2 g2/g1 g1 g2 Af g2/g1 (UNESCO)
Mean 1.75 2.92 20.30 627.22 12114.92 7299.34 16.03

Median 1.54 2.47 8.54 452.12 4183.96 6464.29 6.64
Min 1.06 1.53 2.71 65.07 874.15 734.46 1.11
Max 3.97 9.50 125.89 1937.61 199312.46 20801.07 108.21

Standard dev 0.72 1.56 28.63 508.85 34187.71 5173.30 25.20
Number of Countries: 34

α = .138 and β1=.013 for all countries.

Table 4: Social Returns to Higher and Basic Education(Model)

Higher Education Basic Education
Country Prod. Effect Ret H.C. Effect Ret Total External Social ROR Social ROR

Argentina 0.097 0.007 0.104 0.219 0.097
Bolivia 0.091 0.005 0.096 0.237 0.183

Botswana 0.185 0.013 0.198 0.451 0.753
Brazil 0.155 0.009 0.163 0.374 0.331
Chile 0.109 0.007 0.116 0.285 0.094
China 0.361 0.021 0.382 0.453 0.165

Colombia 0.128 0.008 0.135 0.308 0.257
Costa Rica 0.092 0.006 0.098 0.194 0.114

Cyprus 0.070 0.005 0.076 0.122 0.141
Dominican Rep. 0.094 0.005 0.100 0.252 0.650

Ecuador 0.088 0.006 0.094 0.195 0.159
El Salvador 0.166 0.005 0.171 0.250 0.179

Ghana 0.252 0.013 0.265 0.434 0.217
Guatemala 0.306 0.011 0.317 0.489 0.317
Honduras 0.226 0.009 0.235 0.395 0.191

India 0.183 0.006 0.188 0.275 0.025
Lesotho 0.149 0.004 0.153 0.169 0.113
Liberia 0.258 0.012 0.270 0.376 0.697
Malawi 0.304 0.007 0.311 0.352 0.134
Mexico 0.122 0.006 0.128 0.236 0.171
Nepal 0.190 0.004 0.194 0.268 0.151

Pakistan 0.237 0.006 0.242 0.363 0.079
Panama 0.078 0.005 0.083 0.232 0.055

Papua New Guinea 0.381 0.014 0.395 0.451 0.294
Paraguay 0.157 0.008 0.165 0.288 0.229

Peru 0.068 0.003 0.072 0.390 0.128
Philippines 0.061 0.004 0.065 0.167 0.173
Thailand 0.142 0.003 0.145 0.208 0.139
Turkey 0.111 0.006 0.117 0.239 0.019

Uruguay 0.122 0.009 0.131 0.240 0.259
Venezuela 0.080 0.003 0.083 0.183 0.336
Viet Nam 0.226 0.011 0.237 0.279 0.116

Yemen 0.188 0.000 0.189 0.218 0.084
Zimbabwe 0.151 0.007 0.158 0.185 0.140

Note: Social returns to higher and basic education calculated as described in (12) and (8) respectively.
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Table 5: Standard Social ROREs: Model and Data from Psacharopoulos and Patrinos
(2004)

Higher Basic
Country Model Data Model Data

Argentina 0.115 0.076 0.097 0.084
Bolivia 0.141 0.130 0.183 0.130

Botswana 0.253 0.150 0.753 0.420
Brazil 0.211 0.214 0.331 0.356
Chile 0.169 0.140 0.094 0.081
China 0.072 0.113 0.165 0.144

Colombia 0.173 0.140 0.257 0.200
Costa Rica 0.096 0.090 0.114 0.112

Cyprus 0.046 0.076 0.141 0.077
Dominican Rep. 0.153 0.650

Ecuador 0.101 0.099 0.159 0.147
El Salvador 0.079 0.080 0.179 0.164

Ghana 0.169 0.165 0.217 0.180
Guatemala 0.172 0.317
Honduras 0.160 0.189 0.191 0.182

India 0.087 0.025
Lesotho 0.016 0.102 0.113 0.107
Liberia 0.107 0.080 0.697 0.410
Malawi 0.041 0.115 0.134 0.147
Mexico 0.108 0.111 0.171 0.118
Nepal 0.074 0.091 0.151 0.157

Pakistan 0.121 0.079
Panama 0.149 0.055

Papua New Guinea 0.056 0.084 0.294 0.128
Paraguay 0.123 0.108 0.229 0.203

Peru 0.318 0.128
Philippines 0.102 0.105 0.173 0.133
Thailand 0.063 0.139
Turkey 0.122 0.085 0.019

Uruguay 0.109 0.103 0.259 0.216
Venezuela 0.100 0.062 0.336 0.234
Viet Nam 0.042 0.062 0.116 0.135

Yemen 0.029 0.240 0.084 0.020
Zimbabwe 0.027 0.043 0.140 0.112

Mean 0.115 0.113 0.214 0.169
Median 0.107 0.103 0.162 0.146
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Table 6: Calibration Results

Country h1 h2 g2/g1 g1 g2 A g2/g1(UNESCO)
Argentina 1.30 2.02 8.54 590.66 5043.06 13070.88 10.08
Bolivia 1.60 2.79 5.95 450.33 2680.68 4826.40
Botswana 3.97 9.50 6.35 1937.61 12298.09 6149.17 42.96
Brazil 2.10 4.32 6.69 1037.45 6945.04 9788.02 6.57
Chile 1.29 2.39 10.84 325.72 3531.83 12162.24 3.40
China 1.54 1.90 19.11 130.38 2491.92 1455.50 30.93
Colombia 1.83 3.33 5.97 848.06 5061.40 10787.99 4.93
Costa Rica 1.37 1.98 6.82 806.56 5499.61 11649.00 6.64
Cyprus 1.46 1.62 3.26 1926.93 6284.69 20801.07 1.11
Dominican Rep. 3.55 5.95 3.12 1322.22 4129.09 4279.81
Ecuador 1.51 2.19 5.07 825.49 4183.96 10555.13
El Salvador 1.57 1.83 5.82 452.12 2629.38 8306.11
Ghana 1.74 3.86 15.73 206.37 3247.17 1568.18
Guatemala 2.01 3.23 8.76 474.72 4159.60 7148.32 5.17
Honduras 1.62 2.97 11.66 495.35 5775.06 5743.23 6.82
India 1.08 1.63 55.90 65.07 3637.18 3061.90
Lesotho 1.47 2.54 87.52 360.59 31559.16 955.72 52.72
Liberia 3.97 5.16 5.61 308.32 1729.52 734.46
Malawi 1.47 3.06 86.66 212.61 18424.67 1220.78 108.21
Mexico 1.57 2.36 6.63 751.63 4981.89 7048.82 7.06
Nepal 1.50 1.83 9.13 157.30 1436.73 1549.14
Pakistan 1.25 2.47 32.64 305.41 9968.06 5026.33 10.65
Panama 1.17 2.24 15.63 354.22 5536.47 11674.69 3.68
Papua New Guinea 2.12 2.90 24.51 834.95 20463.84 3125.32
Paraguay 1.71 2.39 5.42 252.80 1369.30 6913.20 12.40
Peru 1.40 4.16 12.09 191.85 2320.34 6464.29
Philippines 1.55 2.26 3.76 232.68 874.15 4149.52 2.70
Thailand 1.48 1.83 8.37 914.56 7657.00 5973.34 1.92
Turkey 1.06 1.69 41.19 159.79 6581.92 18905.95 3.84
Uruguay 1.83 2.57 4.33 672.00 2911.13 9278.22 2.98
Venezuela 2.09 2.80 2.71 1319.29 3577.53 16440.36 11.96
Viet Nam 1.39 1.53 18.18 191.97 3490.32 1556.02
Yemen 1.30 3.12 125.89 1583.26 199312.46 8509.18
Zimbabwe 1.50 1.37 7.48 263.17 1967.43 1428.12

Number of Countries: 34
α = .138 and β1=.013 for all countries.

Calibration is as explained in Section 3.3 of the text.
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Table 7: Impact of Ignoring External Effects

Proportion of Higher Educated Private Returns to Basic Edu. Wage Level
Country No External External No External External No External External

Argentina 0.0091 0.12 0.0674 0.1010 12617 16528
Bolivia 0.0047 0.108 0.1557 0.2000 5069 6592

Botswana 0.0001 0.038 0.8531 0.9900 9880 11540
Brazil 0.0005 0.059 0.2900 0.3660 9968 14367
Chile 0.0095 0.115 0.0647 0.0970 12180 15821
China 0.0000 0.02 -1.0000 0.1800 N/A 1753

Colombia 0.0016 0.082 0.2181 0.2770 11261 15423
Costa Rica 0.0075 0.121 0.0852 0.1220 11256 14890

Cyprus 0.0144 0.17 0.1203 0.1540 21970 27031
Dominican Rep. 0.0011 0.072 0.7604 0.8510 7425 7263

Ecuador 0.0070 0.127 0.1310 0.1710 10939 14099
El Salvador 0.0007 0.064 0.1263 0.1890 6062 9680

Ghana 0.0000 0.025 -1.0000 0.2450 N/A 2020
Guatemala 0.0000 0.028 -1.0000 0.3380 N/A 8778
Honduras 0.0001 0.036 0.1256 0.2080 3665 6998

India 0.0107 0.044 0.0087 0.0260 2748 3274
Lesotho 0.0000 0.004 -1.0000 0.1550 N/A 1036
Liberia 0.0000 0.018 -1.0000 0.9900 N/A 1042
Malawi 0.0000 0.004 -1.0000 0.1570 N/A 1311
Mexico 0.0015 0.078 0.1339 0.1890 4912 7049
Nepal 0.0002 0.042 0.0935 0.1660 939 1721

Pakistan 0.0004 0.025 0.0315 0.0840 3326 5520
Panama 0.0247 0.138 0.0354 0.0570 12223 14764

Papua New Guinea 0.0000 0.007 -1.0000 0.3720 N/A 3684
Paraguay 0.0010 0.075 0.1745 0.2370 6018 8982

Peru 0.0244 0.154 0.1072 0.1320 8955 10277
Philippines 0.0218 0.187 0.1529 0.1830 5071 5816
Singapore 0.0000 0.03 -1.0000 0.2220 N/A 43471
Thailand 0.0004 0.049 0.0950 0.1600 3912 6675
Turkey 0.0454 0.109 0.0083 0.0190 19238 21380

Uruguay 0.0022 0.099 0.2209 0.2780 9952 13370
Venezuela 0.0052 0.118 0.3129 0.3630 19974 22830
Viet Nam 0.0001 0.026 0.0365 0.1080 901 1792

Yemen 0.0000 0.004 -1.0000 0.1000 N/A 8705
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Table 8: Countries in Human Capital Production Function Regression

Europe and North America East Asia and the Pacific Latin America and the Caribbean Sub-Saharan Africa
AdEc EAP LAC SSA

Netherlands Myanmar Brazil Sierra Leone
Japan Hong Kong, China Jamaica Gabon

Iceland Philippines Uruguay Rwanda
Denmark Singapore Costa Rica Burundi

New Zealand Fiji Paraguay Sudan
Switzerland Thailand Trinidad and Tobago Mauritius

Italy Papua New Guinea Dominican Republic Niger
Portugal China Chile Benin
Sweden Korea, Rep. Argentina Uganda
Belgium Malaysia Guyana Swaziland
Australia Indonesia Peru Mozambique
Ireland Taiwan Cuba Lesotho

United Kingdom Tonga Barbados Central African Republic
Canada Venezuela, RB Gambia, The
Greece Middle East and North Africa Guatemala Congo, Rep.
Austria MENA El Salvador Cameroon
Norway Egypt, Arab Rep. Bolivia Malawi
France Jordan Ecuador Cote d’Ivoire

Luxembourg Yemen, Rep. Panama Kenya
Spain Malta Nicaragua Zambia

Germany Syrian Arab Republic Mexico Congo, Dem. Rep.
Finland Bahrain Haiti Botswana

United States Morocco Honduras Mali
Albania Algeria Colombia South Africa
Hungary Iraq Senegal
Bulgaria Saudi Arabia South Asia Liberia
Poland Tunisia SAs Zimbabwe

Romania Kuwait Nepal Tanzania
Russian Federation United Arab Emirates Pakistan Mauritania

Turkey Israel Afghanistan
Cyprus India

Iran, Islamic Rep. Sri Lanka
Bangladesh

Table 9: Countries in APG Regression

Europe and North America East Asia and the Pacific Latin America and the Caribbean Sub-Saharan Africa
AdEc EAP LAC SSA
Italy Vietnam Ecuador Ghana

Canada Tonga Guatemala Liberia
Turkey Fiji Costa Rica Sierra Leone

Switzerland Malaysia Panama Cote d’Ivoire
Spain Philippines Jamaica Swaziland
Greece Cambodia Peru Kenya

Portugal Indonesia Mexico Lesotho
Ireland Venezuela Zimbabwe

United States South Asia Dominican Republic Uganda
Albania SAs Bolivia Tanzania
Romania Bangladesh Chile Rwanda

Latvia Nepal Argentina Malawi
Armenia Pakistan Brazil Botswana

Sri Lanka Zambia
Middle East and North Africa South Africa

MENA Ghana
Syrian Arab Republic Liberia

Iraq
Jordan

34



Figure 1: Standard Estimates of Social Returns

Source: Psacharopoulos and Patrinos (2004)

Figure 2: Quality of Education, Returns to Education, Proportion of Higher Educated

Education Quality and Higher Ed. Relative Returns and Prop of Higher Ed.
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Figure 3: Raw and Adjusted APGs, and Proportion of Higher Educated

Raw APG and Prop of Higher Ed. Adjusted APG and Prop of Higher Ed.

Figure 4: Social Returns to Basic and Higher Education
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Figure 5: Matching Standard Social ROREs

Standard Social Returns to Higher Ed. Social Returns to Basic Education

Figure 6: External Effects and Proportion of Higher Educated
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Figure 7: External Effects and Standard Social ROR Gaps

Figure 8: Relative Return in US and Proportion of Basic Educated
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Appendix B Proof of Results

Result 1: Result 1 states that at the optimal proportion of higher educated(σ∗2), Γ∗ which is

positive(see text) is an upper bound on the gap between standard estimates of the social ROR to

basic and higher education.

From (8), the difference between standard estimates of the social ROR to basic and higher

education is given by:
Af∗(h∗1 − 1)

Af∗ + g1
− A(h2 − f∗h∗1)

Af∗h∗1 + g2
(1).

From (9), we also know that at σ∗2, Γ∗ is given by:

Af∗(h∗1 − 1)

g1
− A(h2 − f∗h∗1)

g2
(2).

Subtracting (1) from (2), we find that result 1 will be true if and only if:

f∗(h∗1 − 1)

g1

[
Af∗

Af∗ + g1

]
>

(h2 − f∗h∗1)
g2

[
Af∗h∗1

(Af∗h∗1 + g2)

]
(3)

From Assumptions 1 through 3, we know that all terms in the expression above are positive.

Since (f∗(h∗1 − 1))/(g1) > (h2 − f∗h∗1)/(g2) (because Γ∗ > 0). Result 1 holds if (Af∗)/(Af∗ + g1) >

(Af∗h∗1)/(Af
∗h∗1 + g2), or restated a different way:

Af∗h∗1 + g2 > Af∗h∗1 + g1h
∗
1.

The expression above is true by the second part of Assumption 3, which requires that (g2/g1) >

h1, if the cost of higher education relative to basic education is sufficiently large.

The second part of the result says that because (2) is positive, (1) cannot be expected to be equal

to zero, since Af∗h∗1 > Af∗. However, if (2) is approximately zero and we know that (g2/g1) > h1,

then (1) should also be close to zero.

Result 2: Plugging in the expression for σ1 in (6), the first derivative of Γ as described in (9)

with respect to σ2 is given by:

h
′′
1 f
f ′ [σ̄1 − (1 + g2/g1)σ2] + f

′′

f ′ [1 + [σ̄1 − (1 + g2/g1)σ2](h1 − 1)− σ2]− [(1 + g2/g1)(h1 − 1) + 1]

− h
′
1f

f ′
(1 + g2/g1) + 2h

′
1(σ̄1 − (1 + g2/g1)σ2)

Where ′′ denotes second derivatives, and σ̄1 = G/Ng1. From assumptions 1 and 2, we know

that the first 2 parts of the first derivative are negative (h1 and f are increasing, and concave), and

the fact that σ̄1 − (1 + g2/g1)σ2 is positive, since σ1 cannot be negative. The fact that h1 > 1 from
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Assumption 3 guarantees that the third part is also negative.

Examining the last two terms, we find that because σ̄1 = σ1 + (1 + g2/g1)σ2 < 1 + (1 + g2/g1),

since σ2 and σ1 cannot be greater than one. Simply put, 1 is an upper bound for σ̄1− (1 + g2/g1)σ2.

The sum of the two expressions will be negative if:

f ′/f < (1 + g2/g1)/2.

Given that the condition above holds, the derivative of Γ with respect to σ2 is negative which

concludes the proof.
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