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Abstract

Human capital is among the most important drivers of long-run economic growth, but its
macroeconomic determinants are still not well understood. This paper demonstrates the importance
of a key demand-side driver of education, using exogenously-driven changes in the composition of
a country’s exports as a lens to study how shifting patterns of production influence subsequent
educational attainment. Using a panel of 102 countries and 45 years, we find that growth in
less skill-intensive exports depresses average educational attainment while growth in skill-intensive
exports increases schooling. These results provide insight into which types of sectoral growth are
most beneficial for long-run human capital formation and suggest that trade liberalization could
exacerbate initial differences in factor endowments across countries.
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1 Introduction

Human capital ranks among the most important determinants of growth and income. Recent work
by Jones (2014) and Lucas (2015) goes so far as to suggest that differences in the stock of human
capital could account for potentially all of the cross-country variation in incomes between rich and
poor countries. Despite these powerful implications, the drivers of human capital investment are
still not well understood.! Much of the existing research focuses on supply side determinants of skill
acquisition like access to schools and education spending. While supply side policies to increase
education are effective, the more difficult-to-measure demand side may be at least as important:
macroeconomic conditions drive wages and job opportunities, which shape individuals’ decisions
to invest in human capital. Unfortunately, data limitations have so far confounded attempts to
establish the importance of demand-side drivers of aggregate human capital attainment in a broader
empirical setting.?

In this paper, we propose a new strategy for exploring demand-driven human capital acquisi-
tion. Our approach uses exogenous changes in the composition of a country’s exports as a lens to
identify the extent to which aggregate educational attainment responds to changes in the pattern
of production across sectors. By focusing on exports rather than explicit measures of labor market
returns, we circumvent the limitations of cross-country wage and labor market data, and are thus
able to capture changes in educational attainment for a long horizon, cross-country panel. At the
same time, since exports are determined in part by exogenous shocks (via trading partners’ import
demand or time-varying trade frictions), we are able to identify causality using a theoretically-
grounded instrumental variables approach.

A body of theoretical work in the trade literature formalizes the underlying link between exports
and skill attainment, but the intuition is straightforward: trade influences labor market opportuni-

ties and wages, which in turn determine individuals’ incentives to invest in education.® Crucially,

'Banerjee and Duflo (2005) suggest that this question is one of the most important issues in growth and devel-
opment economics. For detailed analysis of the supply-side drivers of cross-country educational attainment, see, e.g.,
Hanushek and Woessmann (2011, 2012); for the balance of demand and supply-side drivers, see Becker (1964) and
Goldin and Katz (2008), among others.

2See Goldberg and Pavcnik (2007) for an overview of the data limitations that challenge aggregate studies.
The importance of these demand-side mechanisms has been demonstrated in a series of country and sector specific
micro-studies, which we review in detail later in the introduction.

#The seminal contribution is Findlay and Kierzkowski (1983). More recent theoretical work on endogenous human
capital responses to trade includes Vogel (2007), Jung and Mercenier (2008), and Blanchard and Willmann (2016).



it is the skill-composition of trade flows that matters: expansion of skill-intensive sectors can boost
workers’ incentives to acquire more training and education, while expanded opportunities in less
skill-intensive sectors may exacerbate school attrition and dropout rates. Industry-level exports
offer both a consistent measure of economic activity across countries and a clean separation of
production by skill-intensity, both of which are critical for taking the theory to the data.*

Our empirical approach offers a number of important advantages relative to existing work. The
first is breadth. Our panel spans 102 countries and 45 years, which allows us to include both
year and country fixed effects throughout. Relative to cross-sectional studies, this offers immediate
advantages. Since we use only within-country variation for identification, we immediately control for
all time-invariant country characteristics that typically raise omitted variables concerns in existing
(static) cross-country analyses. Likewise, year fixed effects capture secular trends in education, the
returns to skill, and structural change. Relative to micro-studies, many of which offer compelling
evidence of demand-side drivers of educational attainment in specific episodes, our broad cross-
country panel setting allows us to measure instead the impact of shifts in the aggregate economy
on aggregate human capital accumulation across a broad spectrum of countries over the past half-
century.

The second key advantage of our export-centered approach lies in identification. We leverage
the bilateral nature of trade flows to address the inherent endogeneity concerns of reverse causality
(that skill-abundant countries have comparative advantage in skill-intensive sectors and vice versa)
and omitted variables (e.g. local policy reforms, technological progress, or institutional change)
that influence both education and the structure of production. We adopt an instrumental variables
technique that uses exogenous changes in trading partner conditions or bilateral trade frictions to
construct instruments for the composition of a country’s exports.” We construct a series of distinct
alternative instruments based on either “pull factor” shocks in trading partner countries (importers’
GDP, death rate, natural disasters) or time-varying effects of bilateral air and sea distances (Feyrer

2009). The resulting instruments are correlated with observed trade flows, but are by construction

While a handful of cross-country studies have looked at the relationship between aggregate exports and edu-
cational attainment (Wood and Ridao-Cano 1999, Redding and Schott 2003, and Galor and Mountford 2008), none
have measured the skill-composition of trade. Consistent with this earlier work (as well as Atkin 2015), we emphasize
the potential role of exports over imports, but we account for both directions of trade in our study.

>We separately predict bilateral exports of agriculture, unskill-intensive and skill-intensive goods, then aggregate
these predicted bilateral trade flows across a country’s trading partners to construct our instruments for country-level
export flows.



independent of conditions in the exporting country, which mitigates concerns that reverse causality
or omitted variables are driving our findings.

Previewing the results, we find that the skill-composition of exports has a significant and ro-
bust impact on educational decisions. Growth in agricultural and low-skill-intensive manufactured
exports reduces average years of schooling, while growth in skill-intensive manufactured exports
increases schooling.® In the baseline specification, we estimate that doubling agricultural exports
depresses per capita education by an average of 0.6 school years, while doubling skill-intensive man-
ufactured exports boosts average educational attainment by roughly 0.3 school years. Our results
suggest, for example, that if Brazil had been in the 75th percentile of skill-intensive export growth
in the 1990s, instead of the 25th, its per capita education would have been roughly .25 years higher
by 2000; in just one decade, this counterfactual export-growth would have moved Brazil from the
43rd to the 47th percentile of educational attainment.

Extensions demonstrate that the results are strongest where sensibility would suggest. We find
that less skill-intensive exports reduce schooling most sharply at the primary school level, while the
positive effect of skill-intensive exports on schooling manifests at higher rungs of the educational
ladder. The impact of exports on schooling is similar across genders but differs according to the
level of development of the country; not surprisingly, the negative impact of agricultural exports
on average years of schooling is limited to less-developed countries. A placebo test confirms that
exports have no discernible effect on the educational decisions of older individuals, as we would
expect. In robustness tests, we show that including additional explanatory variables or using
alternative lag structures leaves our results qualitatively unchanged.

Together these findings point to the troubling possibility that trade liberalization could induce
economic divergence.” Less-developed countries that specialize in agricultural goods may see a
relative decline in educational attainment, which will only slow growth further in these countries.
At the same time, developed countries that export skill-intensive manufactured goods will see

an increase in educational attainment, which will accelerate future growth. These findings lend

SWe define educational attainment by years of schooling. We readily acknowledge that quality-adjusted measures
of educational achievement would be preferable, but these data are far more limited in cross-country scope and time
horizon, and would preclude the empirical approach we adopt here. See, e.g, Hanushek and Woessmann (2011) for a
comprehensive review of the data and limitations.

"This line of reasoning traces its roots back more than a century, as is nicely summarized by Wood and Ridao-Cano
(1999).



support to the stark theoretical predictions of Ventura (1997) and Bajona and Kehoe (2010), who
demonstrate that incorporating trade into standard growth models can dramatically change the
convergence prediction to the detriment of poor countries.?

This paper builds on and ties to several important lines of research. Most closely related
are three existing studies that pursue a cross-country examination of the relationship between
exports and educational attainment. Wood and Ridao-Cano (1999), Redding and Schott (2003),
and Galor and Mountford (2008) are motivated by similar Heckscher-Ohlin intuition (that trade
increases the return to skills in skill-abundant countries and vice versa), but are limited by important

9 Our paper is the first to use a direct measure of the

empirical challenges that we overcome.
skill composition of exports. Earlier studies infer the type of goods each country exports by
assigning whole countries as having comparative advantage in either low or high skill intensive
goods based on factor endowments (Wood and Ridao-Cano 1999), level of development (Galor and
Mountford 2008), or geographical remoteness (Redding and Schott 2003). In effect, this earlier work
takes the two-good model literally, since total exports and export composition are synonymous
when countries have comparative advantage in just one good. Our approach, in contrast, is to
leverage the predictions of the many-good setting from Blanchard and Willmann (2016), which
allows for comparative advantage in multiple goods, and thus emphasizes the importance of actually
measuring the skill composition of exports. Our panel setting also offers immediate advantages
relative to the cross-sectional analyses in Redding and Schott (2003) and Galor and Mountford
(2008), who cannot control for country level fixed effects. Finally, our IV approach allows us to
form causal inferences about the effect of export composition on educational attainment.

Along another dimension, our results knit together an important body of country-specific studies
of demand-side drivers of educational attainment. Most closely related are a handful of new papers
that focus explicitly on the link between trade and educational attainment. Using detailed census
data from Mexico, Atkin (2015) finds evidence that expanded export-sector job opportunities caused

an increase in the high school drop-out rate during the period of rapid trade liberalization from

81n closed economy growth models, convergence occurs because poor countries have less physical capital or human
capital and thus have higher returns to these factors that are important for growth. Trade alters the terms of trade,
decreases the returns to these factors, and thus reduces the tendency for poorer countries to converge.

Tn a related cross-country analysis, Pavenik and Edmonds (2006) find evidence that openness leads to less child
labor.



1986 and 2000.!° In contrast, studies focusing on the U.S. (Hickman and Olney 2011, Greenland
and Lopresti 2016) typically find that globalization increases educational attainment. In a set
of companion studies, Edmonds, Pavcnik, and Topalova (2009, 2010) find that imports reduce
educational attainment in both rural and urban areas within India, operating primarily through a
negative income effect.!!

These papers are part of a broader literature examining how educational decisions respond to
the growth of local industries. Jensen (2012), Shastry (2012), and Oster and Steinberg (2013), find
compelling evidence that school enrollments in India increased with local IT jobs, while Heath and
Mobarak (2014) find that enrollments in Bangladesh increased in response to manufacturing growth.
Emphasizing the impact of labor-saving technology, Foster and Rosenzweig (1996) demonstrate that
educational attainment increased in India with technological change in agriculture. On the other
side of the globe, Black, McKinnish, and Sanders (2005) show that enrollments in Appalachian
states within the U.S. decreased with the coal boom.

These country specific studies generate compelling evidence that education can and does respond
to demand-side drivers, including openness to trade. At the same time, the scope and range of
results can make it hard to draw broad conclusions from this micro-level evidence. For instance,
Atkin (2015) finds that globalization decreases educational attainment in Mexico while Hickman
and Olney (2011) and Greenland and Lopresti (2016) find that globalization increases educational
attainment in the US. An important contribution of our paper is to nest these specific results in the
literature. We show that taking into account the composition of a country’s exports is the key factor
for unifying these country specific findings: growth in low-skill-intensive exports reduces educational
attainment, while growth of skill-intensive exports induces better schooling outcomes. Perhaps
most importantly, we find that these demand-side mechanisms have been empirically important in
shaping aggregate educational attainment in a broad cross section of countries over the past half
century.

Finally, our paper contributes to the literature on trade and inequality in developing countries.

Research has shown that inequality in some developing countries has not decreased with trade,

YSimilarly, Li (2015) finds that trade liberalization reduced educational attainment in most regions in China.

'We find little evidence of an aggregate income effect using our cross-country panel data. While we are unable
to identify income and substitution effects at the individual household, our aggregate results suggest that the latter
effect dominates. See the discussion in Section 3.



contrary to the well-understood Stolper-Samuelson prediction (Zhu and Trefler 2005, Goldberg
and Pavcnik 2007).'2 Our results offer a potential explanation. Using a broad panel data set, we
find that trade induces changes in educational attainment, that can counter upward pressure on
low-skilled wages. To the extent that an increase in less-skill-intensive exports reduces primary
schooling, this effect will increase the supply of less-skilled workers in developing countries, and
thus may mitigate the decline in inequality predicted by a static interpretation of the SS Theorem.

The paper proceeds as follows. In the next section, we outline briefly the theoretical justification
for our approach. Section 3 then describes the data, while section 4 outlines our empirical strategy
and the construction of the instruments. Results are presented in section 5. Section 6 pursues a

variety of extensions while section 7 concludes.

2 Theory

This section outlines the theoretical basis for our empirical approach. We use existing work in trade
theory to show how the pattern of a country’s exports drives local investment in human capital.
Weaving together several modeling approaches, we first identify the basic theoretical predictions
using a workhorse Heckscher-Ohlin framework, and then draw out additional empirical predictions
that arise in more recent theoretical work. This theoretical framework should not be viewed as the
main contribution of our paper but rather is useful in formalizing our intuition and motivating our
empirical analysis.

We begin by tracing the link between the skill-intensity of exports and human capital investment
using a model of endogenous skill acquisition based on Findlay and Kierzkowski (1983). Intuitively,
trade affects the relative wages paid to high versus low skilled workers through standard SS effects.
Trade-induced wage changes subsequently alter the incentives to go to school and hence equilibrium
schooling decisions. In the absence of reliable cross-country wage data, this mechanism provides
a theoretical foundation for studying the empirical relationship between exports and schooling
outcomes directly.

A second subsection outlines several key empirical implications that stem from more recent work

12The Stolper-Samuelson theorem predicts that an increase in exports of less-skill intensive goods will increase the
relative wages of less skilled workers. All else equal, this mechanism will reduce the skill premium and thus inequality
in developing countries that have a comparative advantage in less-skill intensive goods.



in trade theory. We discuss income effects and the potential for heterogenous effects of exports on
education in a many-good, heterogenous-agents model. The resulting theoretical predictions further

inform our empirical approach.

2.1 A Simple Model of Exports and Skill Acquisition

The following is a simplified version of Findlay and Kierzkowski (1983), which demonstrates the
mechanism by which trade drives human capital investment. Begin with a standard two country,
two good, two factor Heckscher-Ohlin (HO) model. Two countries, Home and Foreign, produce and
trade two goods, agriculture, A, and manufactures, M. Production of both goods requires skilled
labor (Lg) and unskilled labor (Ly). Following custom, assume that the manufactured good is
relatively skill-intensive.!?

The population consists of finitely-lived agents who endogenously choose to become skilled
or unskilled based on expected future earnings. At each instant, a mass N of ex-ante identical
individuals is born, each of whom live for time 7. A given individual can remain unskilled and
immediately start earning the prevailing unskilled wage for the rest of his life, or he can go to school
for an exogenous period of time 6, after which he will earn the prevailing skilled wage.

At any point in time there is a mass of NT (atomistic) individuals who can be divided into

three types according to:

(1) NT =UT + E + E(T — 0),

where UT' are unskilled, £ are those individuals currently in school, and E(T — ) are skilled
workers who have completed school.
A (non-traded) education sector converts individuals into skilled workers via the following pro-

duction function:

(2) Q = F(K, E;0),

where @ is the output of skills measured in efficiency units, K is the exogenous educational input

13That is, for any internal vector of factor prices, the ratio of skilled-to-unskilled labor use is higher for production
of M than A.



(e.g. teachers, facilities, etc.), and F is the mass of students, each of whom spends duration € in
school. Assuming constant returns to scale with 6 fixed, the production function may be rewritten
as ¢ = f(k), where we let ¢ = Q/F represent the number of skill units a student acquires (i.e. the
per-capita skill level) if she has access to k = K/E units of the per-student educational input for
the entire 6 period of education. Assume that the return to education is diminishing in k so that:
f'(k) >0 and f"(k) <O0.

Definitionally, @ = f(k)E. Thus:

0Q )

(3) 55 = {(B) = J'(k)k > 0 and
Q1 5.,

) a2 —g" B <0

Or in other words, the output of skills is increasing with the number of skilled workers, but at a
diminishing rate as more students squeeze into the fixed educational facilities, K. Figure 1 presents
a graphical representation of @ as a function of E. Notice that determining where on this curve
the economy operates in equilibrium will pin down the values of E and Q.

FIGURE 1

Total efficiency units of skill (Q) and number of educated workers (E)
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2.1.1 Education Decisions

Each individual decides whether to acquire skills by weighing the future benefits of education

against the direct and opportunity costs of going to school. Following Findlay and Kierzkowski



(1983), we assume that the fees associated with going to school from time 0 to 6 are equal to the
present discounted value of marginal product of school over a skilled worker’s life, from 6 to T'.
Let w,, denote the (endogenous) wage paid to unskilled workers, and w, denote the price of a
unit of skill. An unskilled worker earns income of w,, while a skilled worker with a skill level of
q = f(k) earns wsf(k). Taking wages, E, f(k), and the market interest rate, r, as given, each

individual chooses to go to school if the lifetime benefits outweigh the cost:

T T T
(5) / ws f(k)e "dt — / ws ' (k)ke " dt > / wye "dt.
[% 0 0

The first term on the left reflects the present value of all future income earned as a skilled worker
from 6 to T, while the second term represents the direct school fees over the period 0 to #. The
term on the right hand side reflects the opportunity cost of education— i.e. the present discounted
value of a lifetime of unskilled income (from 0 to T').

The net benefit of education can be defined as the present value of future skilled wages minus the
direct costs of school and foregone unskilled wages. Using 7 to denote this net benefit of education,

equations (5) and (3) can be combined to yield:

1 0Q
6 _ = Y -0 —rT\ _ 1 — —rT
(6) m= wS@E(e e ) —wu(l—e )

The net benefit of education is increasing with the skilled wage, decreasing with the unskilled
wage, and decreasing with the number of educated workers E.'* Together, this last condition and
free entry into schooling imply that the equilibrium net benefit of education is zero. Thus, setting
(6) to zero and rearranging generates the following expression:

0Q _wy (1—c) _w

(™) OE ~ ws (e —eT)
—_—
=C

This equilibrium condition is reflected in Figure 1, which shows that the education level (E) and

aggregate skills (@) are determined where the slope of the function equals the wage ratio (scaled by

on

Owg

HQpecifically, > 0 and 3877:‘ < 0 and g—g < 0.



a constant, C'). The horizontal distance OF reflects the mass of individuals that choose to become

educated, while U = N — F individuals choose to remain unskilled.

2.1.2 Trade

Suppose that a Home country trades freely with Foreign (*), which has identical technologies, tastes,
and educational sectors, but differs in its educational input such that K < K*. Home has weaker
educational facilities, teachers, etc. It is immediate that in autarky, Home will be relatively abun-
dant in unskilled labor, which (by the Hecksher-Ohlin theorem) gives Home comparative advantage
in agriculture. Therefore, after opening to trade, Home will export agriculture while Foreign will
export manufactures.

With trade, world relative prices converge to some point in between the two autarky relative
prices. Trade thus causes the relative price of agriculture to increase at Home and decrease in
Foreign. These price changes translate directly to changes in relative wages. By the SS Theorem,
the relative unskilled wage will increase at in Home and decrease in Foreign. From equation (7) it
follows immediately that educational attainment will decline at Home and rise in Foreign.

Figure 2 illustrates the impact of trade on the educational decisions in both Home (on the
left) and Foreign (on the right). At Home, as the relative unskilled wage increases, the point of
tangency shifts to the left, commensurate with a fall in educational investment. Exporting unskill-
intensive agriculture goods reduces the equilibrium mass of skilled workers, . The intuition is
straightforward. As the relative unskilled wage increases after trade, the opportunity cost of going
to school increases, and thus fewer individuals decide to become skilled. The opposite effect arises in
the Foreign country, where the relative skilled wage increases, driving up the equilibrium education

level, E.

10



FIGURE 2

Home Country Foreign Country
Q Q
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The relationship between the output of efficiency units of skill (Q) and the number of educated workers (E) in the Home and Foreign countries. Point A
represent the autarky equilibrium point while B represents equilibriumafter trade in each country.

These contrasting results in Home and Foreign generate clear testable predictions. Countries
that export unskill-intensive goods will see a decline in average educational attainment. However,
countries that export skill-intensive goods will experience an increase in educational attainment.
The key insight is that the skill composition of exports alters relative wages and thus changes the
incentives to go to school. The remainder of the paper examines whether there is empirical evidence
supporting this basic prediction. First, however, we pause to introduce additional predictions based

on more recent empirical and theoretical work in the literature.

2.2 Additional Empirical Implications from Recent Work

Income Effects. Absent from the theory so far is the empirically demonstrated point that exports
can generate income effects that may influence schooling. Work by Edmonds, Pavcnik and Topalova
(2009, 2010) show the importance of this channel, finding evidence that household income effects
have outweighed the incentive effects of trade liberalization in certain very poor households in
rural and urban India. The logic is straightforward: export growth, regardless of skill intensity,
can increase (decrease) household real income for export-oriented (import-competing) workers.
As families become wealthier, they may opt to send their children to school longer even if the

opportunity cost of schooling is also rising. Conversely, households that suffer a decline in income

11



may reduce educational investment even if the opportunity cost of schooling has also fallen.

At the national level, it is reasonable to postulate that exports, regardless of type, could generate
a positive aggregate income effect by increasing GDP (as in Feyrer, 2009). A positive aggregate in-
come effect could in turn induce greater educational attainment even absent the Stolper-Samuelson
incentive mechanism highlighted so far. To evaluate and control for this possibility, we include
empirical specifications both with and without controls for aggregate income and aggregate export
levels, which provide insight into the relative magnitude of these competing effects.!®

Many sectors, Many workers. In recent theoretical work, Blanchard and Willmann (2016)
develop a model of trade and endogenous skill acquisition with the same fundamental mechanisms
outlined above. In place of dynamics, their model allows for ex-ante heterogenous agents and a
continuum of tradeable sectors, each of which requires a specific differentiated skill level. The
resulting multisector heterogeneous worker framework offers additional insight relevant for our
empirical analysis.

First, trade liberalization can induce simultaneous skill upgrading and skill downgrading in a
many-sector model. This is because a country can have comparative advantage in multiple distinct
skill-intensity sectors (for example, a country could export both skill-intensive pharmaceuticals and
low-skill fresh produce). In the model, trade liberalization will increase relative wages in these ex-
port sectors, which will induce some workers to upgrade skills (those entering into pharmaceuticals)
while inducing others to reduce skill attainment (those entering agricultural work). The incentive
effects of export growth may also have heterogenous effects across different sets of workers, who
initially may be at different levels of the educational ladder. When individuals face different costs
of education, some workers find skill upgrading relatively easy, while others will not. Ex-ante het-
erogenous abilities may be reflected in the distribution of educational outcomes along a continuous
educational ladder.

From here we draw two insights that inform our subsequent empirical approach. First, since
aggregation across sectors can obscure trade’s true effects, it is imperative to measure the skill com-

position of exports.'® If an increase in aggregate exports would induce some workers to increase

5We cannot of course control for household income effects without household data. Our results thus reflect the
average household response to changes in export composition, including both individual-level income and incentive
effects.

YIn contrast, Wood and Ridao-Cano (1999) and Galor and Mountford (2008) effectively impose monotonic com-
parative advantage by assuming countries’ exports are either low- or high-skill based on initial capital endowment or

12



education and others to drop out, then regressing educational outcomes on total exports could
yield evidence of no causal relationship when the underlying effects of trade are acute but hetero-
geneous. Here we go further than Findlay and Kierzkowski (1983), and recognize the substantial
heterogeneity in skill-intensity within manufacturing products. In our analysis, we therefore dif-
ferentiate exports by skill-composition to the extent the data allows, which yields three categories:
agriculture, less skill-intensive manufactures, and skill-intensive manufactures.'”

Second, we expect changes in export composition to influence educational attainment at different
points along the educational ladder. One might reasonably anticipate changes in unskill-intensive
exports to have a stronger affect on enrollment decisions at lower rungs of the educational ladder,
while skill-intensive exports are felt at higher educational rungs. Empirically, we therefore adopt a

more flexible approach, measuring educational attainment not only by average years of schooling

at the country level, but also at the primary, secondary, and tertiary levels too.®

3 Data

The goal of our empirical exercise is to evaluate the effect of the composition of exports on ed-
ucational attainment, for the broadest possible sample of countries over a long time horizon. To
this end, we have combined detailed export data with broadly available measures of educational
outcomes for a sample that ultimately covers 102 countries at 5-year intervals from 1965 to 2010.

The data are derived from the following publicly available sources.
