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ABSTRACT

We provide the first evidence that low- and middle-income countries with high education levels were
more successful in developing comparative advantage in products unrelated to those they already
export. In contrast, controlling for the relatedness of target products to these countries’ exports,
education appears unimportant for developing comparative advantage in products that are intrinsically
complex or education intensive. These results are supported by analysis of the evolution of
comparative advantage in 1,240 products from 49 low- and middle-income countries between 1995
and 2015. They are robust to corrections for measurement and specification errors, for institutional,
infrastructure, and foreign direct investment-related factors, for regional specialization patterns, and
for each economy’s degree of industrial dynamism prior to 1995. These results suggest that the key role
of education when seeking to shift from peripheral to core products is to help a country cope with
unfamiliar challenges, and so overcome path dependence.

Keywords: comparative advantage, core, diversification, education, exports, path dependence,
periphery, relatedness

JEL codes: 125, O11, 014



. INTRODUCTION

Developing countries significantly improve their economic prospects by developing industries that
produce complex, core products.' Unfortunately, these new industries require capabilities that must be
acquired incrementally through practice, making industrial development difficult and path dependent.?
Successful leaps into unrelated industries are rare, and the industrial policies responsible for many
successes rely on institutional conditions that are difficult to replicate in other countries.® Seeking
more neutral alternatives to industrial policy, this paper therefore asks whether education can facilitate
the development of new export industries, and it characterizes the types of industrial transitions that
education enables. While several papers suggest that education might help develop and sustain a
salubrious export mix, these questions have not received focused attention in the literature.*

This is a noteworthy omission for at least three reasons. First, theory suggests that education
could be important for developing new comparative advantages. The complexity literature and related
work rooted in evolutionary theories (Nelson and Winter 1982, Stiglitz and Greenwald 2014, Hidalgo et
al. 2018) regard the acquisition of tacit knowledge through learning by doing and the translation of
knowledge across related domains to be key processes by which new capabilities are developed.
Education has the potential to speed up learning by doing, and to permit the translation of knowledge
across less related domains. In addition, education is thought to enhance actors’ abilities to respond to
emerging opportunities (Schultz 1975)—abilities that are crucial to the building of new industries.
Second, while education, particularly high-quality education, has been shown to promote economic
growth (Krueger and Lindahl 2001, Hanushek and Woessmann 2008), the mechanism underlying this
relationship has not been clearly established. It is therefore useful to examine whether helping diversify
toward core products might be such a mechanism. Third, some authors credit human capital with
facilitating export-driven growth in East Asia, but do not provide comparative statistical evidence that
it facilitates export transformation per se.

Economies tend to grow faster when they export more complex products (Hidalgo et al. 2007, Hausmann et al. 2017) and
a larger variety of products (Saviotti and Frenken 2008). A well-diversified and/or complex product mix has been linked to
employment that grows faster and is more resilient to shocks (Frenken, Van Oort, and Verburg 2007), to shorter
recessions (Hausmann, Rodriguez, and Wagner 2006), and to lower inequality (Felipe and Hidalgo 2014, Hartmann et al.
2017).

We apply standard definitions and concepts: “Capabilities” is shorthand for productive knowledge and practices
embedded in individuals, firms, industries, supply chains, and institutions (Hausmann et al. 2011). Industries relying on
overlapping capabilities (or inputs) are said to be related (Hidalgo et al. 2018). Path dependency means a tendency to
develop new industries that are related to existing industries (Bahar et al. 2019). More complex products require more
capabilities. Core products, like chemicals, sophisticated machinery, and advanced scientific instruments, are complex and
are therefore related to many other products. Peripheral products, including many agricultural and mined commodities,
are less complex and therefore less related to other products.

3 See, for example, Johnson (1982); Amsden (20071); Jomo (2003); Felker, Jomo, and Rasiah (2013); and Studwell (2013).
Previous studies show that: more rapid employment growth in skill-intensive industries in countries that had more highly
educated workers and in those that expanded education faster (Ciccone and Papaioannou 2009); more educated
countries are better able to maintain a diverse export mix in the face of terms-of-trade shocks (Agosin, Alvarez, and
Bravo-Ortega 2012); and primary education attainment is a strong Bayesian predictor of national export diversification
(Jetter and Ramirez Hassan 2015). None of this work examines the role of education in overcoming path dependence.
Coniglio et al. (2018) come closest, showing that two crude proxies for education—scientific publication and educational
expenditures—are associated with the development of unfamiliar industries in developing countries.

> See, for example, World Bank (1993), Hobday (1995), and Stiglitz (1996). Others studying this history are more skeptical
of education’s role (Booth 1999, Asian Development Bank 2007, Chang 2012, Studwell 2013).
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This paper examines the role of education in the evolution of comparative advantage using
export data for 1,240 different goods for 49 low- and middle-income countries between 1995 and
20155 In particular, we test three hypotheses, each about a role that education could play in altering a
country’s export mix.

Two of these three hypotheses are motivated by the theory of economic complexity. First, we
ask whether countries whose workforces were more educated in 1995 were more likely to develop
comparative advantage by 2015 in products that were unrelated to those they exported with
comparative advantage in 1995 (i.e., whether they developed strengths in “unfamiliar” products).
Second, motivated by the same theory, we ask whether countries with high education levels in 1995
were more likely to develop comparative advantage in products that are intrinsically more complex,
controlling for those products’ initial relatedness to their export mix. The third hypothesis derives from
the Heckscher-Ohlin-Vanek intuition that education expansions should shift the export mix toward
more education-intensive products.

Our key finding is that countries whose workforces were more educated in 1995 were indeed
more likely to move into unfamiliar products. We also provide some evidence that, as might be
expected, good quality basic education and high primary attainment facilitate movements into
unfamiliar peripheral products, but not into unfamiliar core products. There is at best weak evidence to
support the second hypothesized role of education, and none at all to support the third. We apply a
two-step procedure which confirms that the lack of support for the latter two hypotheses is not driven
by errors in the measurement of education or its change over time. We also demonstrate that our
results are robust to errors in specification or operationalization; to biases owing to omitted variables
related to institutional quality, infrastructure, foreign direct investment (FDI) receipt or regional
specialization patterns; and to the fact that countries that underwent fast industrial development prior
to 1995 tended to have both higher educational attainment in 1995, and more rapid industrial
development between 1995 and 2015. While the instruments required to produce fully credible causal
estimates of the effects of education on comparative advantage are not available, the robustness of
our results to every alternative explanation suggests that they do provide a useful qualitative indication
of the causal connections involved. The primary role of education in industrial development, at least
among those we examine, is to help navigate the unfamiliar.

Although the most successful cases of industrialization in developing countries, with the
exception of the People’s Republic of China (PRC), predate 1995 (Felipe, Mehta, and Rhee 2019), we
study the period 1995-2015 for three reasons. First, there is much more competition between nations
for footholds in tradable industries now than in the past, so results from recent times are more relevant
for policy. Second, the effectiveness of education should depend not only upon the quantity of
schooling obtained, but also on its quality. We proxy for this using cognitive skills measures derived
from international standardized tests that are only available beginning in the late 1990s. Third, trade
policies vary less across countries after the structural adjustment era.

®  Industrial development is a qualitatively different phenomenon in rich countries, many of which are deindustrializing. See

Figure 1in section Ill. The complete list of countries is found in Appendix Table Al.
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The paper is structured as follows. We introduce our specifications and hypothesis tests in
section Il. We derive them in the appendix from a simple trade model that accounts for the
connections between education, complexity, and path dependence.” We describe our data and
variable definitions in section |l and our results in section IV. Section V concludes.

Il.  SPECIFICATION

A. The Single-Stage Specification

We examine the relationship between education, familiarity, product characteristics, and the evolution
of comparative advantage using a linear probability model, estimated on a pooled sample of countries
and products, respectively indexed by ¢ and p. Our generic, baseline specification, is:

CAcpn = ac+ap + f(RCAC,p,tO) + BrFepto + BerEcioFepio + VeEcEctoCp to M
+5EEelp,t0Aelc,t + 6KEklp,t0Aklc,t + ecpt1

Our initial time period, t0is 1995, and the final time period, t1,is 2015. Here RCA.,: =
(Xc_p’t/XC’t)/(Xp_t/Xt) is Balassa’s (1965) index of revealed comparative advantage (RCA) at time t,
where X denotes exports. Let CA¢ ¢ = I{RCAC,p,tl > k} indicate that country ¢ has a comparative
advantage in product p in 2015. Our baseline results use k = 1. Discretizing RCA sacrifices variation in
the dependent variable, but is standard in the literature because it solves a range of econometric
problems, and because varying the value of k allows us to check whether results are driven by
information loss in particular RCA ranges (Bahar, Hausmann, and Hidalgo 2014; Bahar et al. 2019).2

We control for RCA in 1995 to capture long-run drivers of trade patterns, such as history and
geography, as well as the availability of human and physical capital prior to t0. Controlling for lagged
RCA also means that our coefficients capture the relationship between the independent variables and
changes in comparative advantage. Country fixed effects allow for differences in the general level of
development and diversification, while product fixed effects capture complexity, education intensity,

This model combines a dynamic Ricardian trade model in the spirit of Redding (1999) with some simple assumptions
about how the acquisition of tacit knowledge from production produces relatedness, and by extension, how education
can facilitate this process. As discussed in section V, tacit knowledge is the most popular of several possible explanations
of relatedness (Hausmann et al. 2011, Hidalgo et al. 2018).

RCAs are nonnegative, often zero, and strongly right skewed, suggesting that a corner solution model is required if we are
to treat them as continuous. ldentification of these models relies on untestable distributional assumptions, and the
product fixed effects required by theory also raise incidental parameter problems in a maximum likelihood context
(Cameron and Trivedi 2005). Beyond these consistency problems, corner solution models yield nonlinear conditional
expectations functions, which complicates hypothesis testing (Wooldridge 2002). Log-linearizing RCA, as required by the
exponential Churdle model also results in findings being driven by differences close to RCA = 0O, while using an inverse
hyperbolic sin transformation would implicitly assume that starting to export a product poses similar challenges to
increasing exports in an already exported product. In contrast, linear probability models are consistent and easy to
interpret (Angrist and Pischke 2008). To ensure that our findings are not specific to the dynamics of comparative
advantage around RCA;p: = 1, we follow Bahar, Hausmann, and Hidalgo (2014) in estimating the model after
discretizing around RCA¢ ¢4 = 0.5,0.8,and 2 (see Table 9).
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and other traits that make it more difficult to evolve comparative advantage in some products than in
others.” Other than familiarity, F; ,,, the remaining variables are normalized to have a mean of 0 and a
standard deviation of 1. The independent variables and interaction terms are motivated by our two
theoretical approaches to the evolution of comparative advantage.

As noted, the economic complexity approach argues that it is difficult to develop comparative
advantages in products with which a country is unfamiliar (Hidalgo et al. 2007, Hidalgo and Hausmann
2009, Hausmann et al. 2017). If this is true, then the evolution of comparative advantage will be path
dependent, in the sense that whether a country’s comparative advantage in a product grows over a
time interval depends upon what else it exported at the start of that period. We will conclude that it is,
on average, true for a country with initial education level E. . if B + BgrEc o > 0. A positive g
indicates that a country endowed with average education experiences path dependence. The
complexity literature also argues that it is more difficult to develop comparative advantages in
intrinsically complex products, because doing so requires more know-how. We therefore utilize
product fixed effects to permit the probability of comparative advantage to differ between products.

We turn next to our hypotheses regarding the role of education. First, high education levels
may help countries to develop comparative advantage in unfamiliar products. This would be expected
if education is useful for translating knowledge across domains, for identifying and acquiring required
knowledge that was not already available from a country’s initial product mix, or for responding to
emerging business opportunities. This corresponds to a test of the alternative hypothesis that Sgp is
negative. Second, holding familiarity constant, higher education levels may predispose countries to
develop comparative advantage in intrinsically more complex products. This would be expected if
larger amounts of knowledge are required to efficiently produce more complex products, and if
education helps acquire this knowledge. If these two conditions hold, yz¢ should be positive. Appendix
1 derives the first row of specification (1) from an N-good Ricardian model, augmented to capture the
role of education in promoting the acquisition of tacit and book knowledge over time.

The second row of specification (1) captures standard factor abundance considerations. We
denote the initial education and capital intensity of products by el, ;o and kl, +o, and the growth in
countries’ per-worker endowments of education and capital by Ael,. ; and Akl ;. Our third hypothesis
regarding education is that acquiring (rather than initially possessing) more education helps countries
gain comparative advantage in education-intensive products. Producing education-intensive products
involves more tasks in which educated workers have big productivity advantages over less educated
workers. An increase in the number of educated workers is therefore predicted to increase production
and export of education-intensive products to clear the market for educated workers (Leamer 1984).
This corresponds to a test of the alternative hypothesis that 55 > 0. One would also expect countries
accumulating more physical capital per worker to shift more strongly toward capital-intensive products
(i.e., Oxg > 0).

We measure education as a vector whose dimensions include quality and quantity, with
quantity decomposable into contributions from primary, secondary, and college attainment. This
permits us to test hypotheses regarding the roles of these dimensions of education in the evolution of

°  More educated countries export a larger number of products with comparative advantage (Mehta and Felipe 2014).
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comparative advantage. To examine whether and how the role of education varies with the type of
product, we also reestimate this specification on subsamples of core and peripheral products.”

The estimated interaction coefficients reflect differences in the characteristics of the target
products in which RCA is most often developed between more and less educated countries. They
provide causal estimates of education’s effect on the character of the export mix only if those
differences are not explained by omitted variables that vary across country-product dyads." While
causal identification is challenged by the unavailability of suitable instruments for education and
familiarity, we will show that our findings are robust to the inclusion of a wide variety of omitted
country-product-level variables. To ensure they are robust to the omission of variables capturing
institutional or infrastructure quality, openness to FDI, or industrial dynamism pre-1995, we estimate
specifications that interact proxies for these national characteristics with familiarity and with product
complexity. Finding, as we do, that our results are robust to this, and to several other potential sources
of error, suggests that they do provide insight into the role that education has played.

B. A Two-Stage Approach
While the pooled, single-stage model produces efficient parameter estimates, the following two-stage

approach is helpful for understanding why some interaction terms carry large, significant coefficients
and others do not:

HRCA.pr =1} = ac+ fF(RCAcpro) + BeFepo + YeCpro + 8¢ elpro + Ucp )
Be=bo + byyeo + bpEcto + Ve Ba)
Ve =co+ CcyYero + CeEcro + W (3b)
8. =do+dyyeeo +dghel., + z, €9

The first-stage regression (2) is run separately for each country, with products as observations.
A positive, significant coefficient on familiarity for a country, 8., implies that its trade patterns evolved
in a path-dependent fashion. The sign of y. summarizes whether country ¢’s comparative advantage
tended to shift toward more or less complex products—i.e., whether it climbed up or down the product
ladder. The sign of 8. indicates whether it shifted toward more or less education-intensive products.
Our two-stage estimates scale F¢j o, Cp to, and ely, o, to have a mean of O and standard deviation of 1,
so that the coefficients on each, are comparable to each other in magnitude.

The second-stage regressions (3a-3c) pool the estimated coefficients across countries and
examine their relationship with initial per capita gross domestic product (GDP), y, .o, and education.
As in specification (1), we hypothesize that high education quantity and quality in 1995 promote
movements into unfamiliar and complex products between 1995 and 2015 (regressions 3a and 3b),
and that increases in education levels between 1995 and 2015 promote movements into education-

Our parameter estimates are summary statistics capturing the key historical differences between the export
diversification experiences of better- and worse-educated countries. Given country and product fixed effects, as well as a
rich array of corrections for theorized drivers of change in comparative advantage, they are useful for examining the
plausibility of hypotheses about the role education has played in export diversification.

Reverse causation is unlikely because the dependent variable is measured 15-20 years after the independent variables.
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intensive products. Countries are weighted by the inverse of the standard errors of the relevant first-
stage coefficients.

To see how this approach helps, suppose our estimates of (1) yield a negative result—that
there is no tendency for more educated countries to develop comparative advantage in more complex
products. In other words, suppose we fail to reject the null that yzc = 0. This could be because,
controlling for the initial export mix, there is little variation between countries in their movements up or
down the product ladder (Var(7,) is small), and therefore little in the historical record for differences
in education across countries to explain. Or it could be because education does not correlate with
these movements (i.e., cg = 0 in regression 3b). Separating the stages will reveal which of these two
explanations is relevant. This is important information if one is interested in economic history.
Moreover, when the first explanation is relevant, the negative result cannot be attributed to
measurement errors in our education variables.”

Ill. DATA

We use data from The Atlas of Economic Complexity on most countries’ exports of 1,240 Harmonized
System products in 1995 and 2015 (The Growth Lab at Harvard University 2019a). We exclude
countries with per capita incomes in 1995 above $19,000. We do so because these countries had
already developed comparative advantage in many core products by 1995 (Figure 1), making it difficult
for them to establish a presence in many more core products during the period of our study. As
advanced economies are among the most educated in the world, including them would lead us to
underestimate the role of education among countries still attempting to move into the core of the
global economy.

The main variable limiting our sample size is the quality of education. Hanushek and
Woessmann (2009, henceforth, H&W) carefully calibrate and splice together the results of several
international standardized mathematics and science tests administered to 15-year-olds to produce a
cross-sectional dataset of countries’ average student cognitive skills by the late 1990s. This calibration
is performed relative to a group of Organisation for Economic Co-operation and
Development countries that took multiple tests over time. Altinok, Diebolt, and Demeulemeester
(2014) use slightly different criteria and procedures to assemble not only cross-sectional, but also
time-series estimates of student cognitive skills for these and other countries between 1995 and 2012.
In addition to a wider country coverage, these estimates are arguably more reliable than the H&W
estimates for countries whose standardized test performances are most unlike those of Organisation
for Economic Co-operation and Development countries that H&W use in their calibrations. Our
sample includes 49 countries appearing in Altinok, Diebolt, and Demeulemeester (2014) cross-
sectional dataset, 35 of which also appear in H&W, and our results are robust to switching to the H&W
measures.

? We are motivated to deal with the possibility that measurement error drives negative results by previous work showing

that inability to link growth to educational accumulation is at least partially explained by errors in measuring educational
accumulation (Krueger and Lindahl 2007).
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Figure 1: Many Advanced Economies Have Few New Core Products to Develop
a) Advanced economies b) Developing economies
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AUT = Austria, BRA = Brazil, CA = comparative advantage, COL = Colombia, FRA = France, GER = Germany, IND = India, ITA = Italy,
JPN = Japan, KGZ = Kyrgyz Republic, KOR = Republic of Korea, PHI = Philippines, PRC = People’s Republic of China, SWI =
Switzerland, TUN = Tunisia, UKG = United Kingdom, USA = United States.
Notes: Horizontal line is the maximum number of core products exported with comparative advantage by any country between 1995
and 2015 (a record held by Germany in 2010). Core products are those in the top one-third by connectedness and the top one-third by
complexity. There are 238 core products.
Source: Authors’ calculations.

We measure the quantity of education in 1995 and 2015 using data from Penn World Tables
(PWT) (Feenstra, Inklaar, and Timmer 2015) on countries’ average years of schooling. Data on
primary, secondary, and college attainment rates in 1995 in the population aged 15 and above come
from Barro and Lee (2010).

Define the proximity between products p and q by ¢, 4 = min[Pr(CAC’p = 1|CAC’q =
1),Pr(CACIq = 1|CAC,p = 1)] Proximate products are presumed to rely on similar capabilities. We
proxy for familiarity using “density,” which measures how close a product is to the country’s export
basket, is calculated as F., = ¥g2p(CAcqPpq)/Zqzp(Ppq), and must lie between O and 1. Our

measures of RCA and density are drawn from the Atlas data, and were calculated using all countries in
the dataset.

Let M be a C x P matrix with each element equal to CA.,. We measure C, , by the product
complexity index (PCIp), which utilizes information in M and a recursive method to rate as more
complex those products that are exported with comparative advantage by fewer countries

(uniqueness), especially when those countries’ exports are themselves diverse (Hausmann et al. 2011,
p.24).

' This is in line with previous literature. Hidalgo et al. (2007) introduce density as a measure of the fraction of knowledge

relevant to making product p that the country already possesses.
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For any country-level factor endowment, Z., define ProdZ, = ZC(RCAC,pZC)/ZC(RCAC,p)'14
This infers, from the trade record, how intensive each product is in the use of this factor. We create
three measures of the education content of products in this way. First, when Z_ is national average
years of schooling, estimated from PWT, we obtain the measure ProdYrs,. Second, when it is the
share of a countries’ population aged 15+ that completed college, taken from Barro and Lee’s (2010)
country data, we obtain ProdColl,. Finally, when it is high schoolers’ cognitive skill levels, using H&W’s
country data, we get ProdCog,. We create each of these measures using data capturing conditions as
close to 1995 as possible. We also use this procedure and PWT data to transform each country’s ratio
of capital to employment to produce our measure of products’ relative capital intensities klj, 1. The
same PWT data are used directly to measure log-changes in countries’ endowments of education and
capital per worker between 1995 and 2015 (Ael. ; and Akl ,).

Next, we define the connectedness of each product as the sum of its proximities to all other

products: C, = Z ®nq- We classify products as “core” if they are in the top tercile of the
n#q

I”

distributions of both connectedness and PCI; and “peripheral” if they are in the bottom tercile of both
distributions. To illustrate: most unprocessed agricultural and mined commodities, human hair, jute
fibers, and electric power are revealed to be peripheral; jet engines, x-ray machines, watch movements,
optical devices, and machine tools are core products; and paper, electric shavers, hats, copper wire,
and wine are in-between. In our dataset of 1,240 products, 230 are core and 232 are peripheral. The
remaining 778 are in-between.

The control variables used in this paper include multiple measures of the quality of countries’
institutions and infrastructure, as well as the average FDI:Exports and FDI:GDP ratios between 1995
and 2015, drawn from the World Development Indicators. Finally, we use three proxy measures of
countries’ industrial dynamism prior to 1995: real per capita GDP growth from the World Development
Indicators, labor productivity growth from PWT, and estimates of . and y,. for the periods 1975-1995
and 1985-1995 from specification (2) using data on exports by 4-digit Standard International Trade
Classification products (The Growth Lab at Harvard University 2019b).

Table 1 provides summary statistics. Usefully, the countries in our sample differ widely in
educational attainment and quality, and RCAs in many industries (country-product dyads)
demonstrate significant changes between 1995 and 2015.

" These measures are analogous to PRODY, introduced to measure products “income content” by Hausmann, Hwang,

and Rodrik (2007).
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Table 1: Summary Statistics

Observations Mean SD Minimum  Maximum
Country-level variables
Quantity (Average years of schooling) 49 71 235 216 11.39
Edu Quality A (Altinok, Diebolt, and 49 49439 75.07 282.24 652.62
Demeulemeester 2014)
Edu Quality B (Hanushek and Woessmann 2009) 35 4.27 0.58 3.09 5.34
Primary (Primary attainment, aged 15+) 48 7313 17.08 36.21 98.03
Secondary (Secondary attainment, aged 15+) 48 33.32 16.65 481 76.70
College (College attainment, aged 15+) 48 5.88 419 0.58 19.35
AYrsSch (Change in average years of schooling) 49 2.31 0.76 0.50 4.55
AQuality A (Change in Edu Quiality A) 22 9.81 30.02 -36.60 63.47
AK/L (Change in capital intensity) 44 0.55 0.44 -0.51 2.02
Product-level variables
PCI (Product Complexity Index) 1,242 0.00 1.00 -293 2.84
ProdYrs (Average years of schooling across 1,242 9.02 118 5.04 12.59
product exporters)
ProdCog (Average education quality across 1,242 4.75 0.22 3.89 5.20
product exporters)
ProdColl (Average college attainment across 1,242 8.07 1.74 3.20 15.58
product exporters)
ProdKL (K/L averaged across product exporters) 1,242 -9.49 0.74 -13.1 -6.66
Country-product-level variables
RCA (1995) 60,858 1.20 9.24 0.00 868.77
RCA (2015) 60,760 118 9.19 0.00 1,243.06
CA = I(RCA_2015>=1} 60,760 017 0.37 0.00 1.00
ARCA (Change in export RCA, 1995-2015) 60,760 -0.03 9.23 -866.65 476.23
Familiarity 60,858 0.16 0.09 0.00 0.70

CA = comparative advantage, RCA = revealed comparative advantage, SD = standard deviation.
Note: All country-level variables will be normalized to have a mean of O and standard deviation of T when used in regressions.

Source: Authors’ calculations.
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IV. RESULTS

A. Two-Stage Analysis

Figure 2 shows each country’s first-stage coefficient estimates.” Panel (a) indicates that countries
differed significantly in terms of their tendency to keep exporting familiar products. In Iran and
Armenia, for example, a 1 standard deviation difference in familiarity between two products in 1995 is
associated with a roughly 75 percentage point difference between them in the conditional probability
of comparative advantage by 2015 (after conditioning on lagged RCA, product complexity, and
education intensity). In Mongolia, the Republic of Korea, and Zimbabwe, on the other hand, familiarity

played almost no role. It follows that there is significant variation in the degree of this type of path
dependence across countries.

Figure 2: The Most Likely Effect of Education Is to Help Overcome Unfamiliarity

Increase in conditional probability of CA associated with a1 SD difference in
(First stage estimates with 95% CI’s)

a) ..familiarity b) ... prod. complexity ¢) ...Prod. Edu-Int
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CA = comparative advantage, Cl = confidence interval, PRC = People’s Republic of China, SD = standard deviation.
Source: Authors’ calculations.

The lagged RCA correction takes the form: f(RCA) = f, * I{RCA = 0} + f; »[1 — I{RCA = 0}]g(RCA) , where
g(RCA) = In(RCA) when RCA > 0 and g(RCA) = m when RCA = 0. This specification makes allowance for the
possibility that exporting any of a product has different effects on the likelihood of future comparative advantage than
does having a high RCA in it. Our coefficient estimates are invariant to the value chosen for the constantm by
construction. Log-linearizing the nonzero values is recommended by the g-q plot of In(RCA) (Appendix Figure Al). We

have also run our main regressions using a hyperbolic sine function in place of g( ), but this is restrictive and does not
alter our main results.
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In contrast, panel (b) provides much less evidence, controlling for product familiarity, that
product complexity influenced the evolution of countries’ comparative advantages, or that this
influence varied across countries. Product complexity was significantly and positively associated with
gains in comparative advantage in six countries (the Republic of Korea, Morocco, Honduras, Turkey,
Viet Nam, and the PRC). But even in the PRC, a 1 standard deviation difference in product complexity
was associated with less than 20 percentage point difference in the probability of acquiring a
comparative advantage by 2015. No tendency to move up or down the complexity ladder is statistically
discernible in the remaining 43 countries.

Panel (c) shows even less variation in the relationship between products’ education intensity
and their conditional probability of acquiring a comparative advantage by 2015. Indeed, there is only
one country (Poland), where this relationship is significantly different from zero.

These results show that countries differ much more with respect to their success overcoming
unfamiliarity than with their success overcoming complexity or education intensity. Our second-stage
regressions examine whether education can account for the cross-country differences just
documented.

Figure 3: Countries with Better-Educated Workforces Experienced Less Path Dependence
b) Cognitive skills (Altinok, Diebolt,
a) Years of schooling (Barro and Lee 2010) and Demeulemeester 2014 )
Slope = -0.0529, SD = 0.0158, R? = 0.1652 Slope = -0.0367, SD = 0.0186, R? = 0.0936
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SD = standard deviation.
Note: See the list of countries in Appendix Table Al.
Source: Authors’ calculations.
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Figure 3 explores specification (3a) graphically. It shows that countries with more average
years of schooling in 1995 and higher levels of cognitive skill by around 2000 were significantly less
tethered to familiar products. Columns 1-3 of Table 2 show that these two relationships survive
correcting for per capita GDP and switching measures of education quality—although in the case of
the Altinok, Diebolt, and Demeulemeester (2014) measure, the relationship is not statistically
significant. Columns 4 and 5 correct for both quantity, quality, and an interaction between the two.
Whether quality or quantity have explanatory power is sensitive to the quality measure used. The
quality—quantity interactions are statistically insignificant and their inclusion does not change these
findings qualitatively.

Table 2: Explaining Shifts into Unfamiliar Products

First-Stage Coefficient on Familiarity/Familiarity

Dependent Variable m 2 3 4) ©)
Per capita GDP in 1995 (Constant 2010 $) -0.026 -0.037 -0.024 -0.017 -0.012
(0.023) (0.025) (0.026) (0.025) (0.034)
Quantity (Average years of schooling) -0.042** -0.036* -0.007
(0.017) (0.021) (0.034)
Quality A (Altinok, Diebolt, and
Demeulemeester 2014) -0.024 -0.017
(0.018) (0.017)
Quality B (Hanushek and Woessmann 2009) -0.048** -0.053**
(0.015) (0.020)
Quantity x Quality A -0.016
(0.014)
Quantity x Quality B -0.022
(0.013)
Constant 0.423** 0.536** 0.433* 0.370* 0.345
(0.196) (0.207) (0.218) (0.205) (0.295)
Observations 49 49 35 49 35
R-squared 0.186 0.142 0.223 0.202 0.248

GDP = gross domestic product.

Notes: Weighted least squares estimates, per specification (3a). The dependent variable is each country's coefficient on familiarity from first-
stage specification (2). Countries are weighted by the inverse of the standard error of that coefficient. Abbreviated variable names appear in
Table 1. All standard errors are robust. *** p<0.01, ** p<0.05, * p<0.1.

Source: Authors’ calculations.

Figures 4 and 5 explore specifications (3b) and (3c), maintaining the same y-axis scale as
Figure 3 for the sake of comparison. Neither provides strong support for the other two hypothesized
roles of education. Figure 4a shows that higher initial years of schooling is associated with less
movement toward complex products. Figure 4b shows a positive but extremely small relationship
between the quality of education and movement into complex products. Figure 5 shows that
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expansions in the quantity of education were associated with movements into less education-intensive
products, and that there is no relationship between quality improvements and increased education
intensity in the product mix. Tables 3 and 4, which again add per capita GDP corrections, confirm that
most of these relationships have the wrong (negative) sign, or are small or statistically insignificant. The
one partial exception (Table 3, column 4) is that when controlling for the quantity of education and
the Altinok, Diebolt, and Demeulemeester (2014) quality measure simultaneously, the latter is
associated with a slightly higher tendency to shift toward complex products. Table 4 shows that
neither increases in education quantity (column 1) nor quality (in a much smaller sample of countries,
column 2) are associated with movement into education-intensive products, and that the relationship
with quantity expansions is not stronger if the education is of a higher quality (column 3).

Figure 4: Education and New Comparative Advantages in Complex Products

b) Cognitive skills (Altinok, Diebolt,
a) Years of schooling (Barro and Lee 2010) and Demeulemeester 2014 )

Slope = -0.0156, SD = 0.0053, R? = 0.1314 Slope = 0.0022, SD = 0.0060, R? = 0.0025
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SD = standard deviation.
Note: See the list of countries in Appendix Table Al.

Source: Authors’ calculations.
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a) Change in mean years of schooling (PWT)

Slope = -0.0191, SD = 0.0069, R? = 0.0784

Increased education intensity
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T
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PWT = Penn World Table, SD = standard deviation.
Note: See the list of countries in Appendix Table Al.

Source: Authors’ calculations.

Figure 5: Education Expansions Were Not Associated with New Comparative Advantages
in Education-Intensive Products

b) Change in cognitive skills (Altinok, Diebolt,
and Demeulemeester 2014)
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Table 3: Explaining Shifts into Complex Products

First-Stage Coefficient on Product Complexity

Dependent Variable m 2 3 4) ©)
Per capita GDP in 1995 (Constant 2010 $) 0.001 -0.009 0.000 -0.005 0.007
(0.008) (0.012) (0.014) (0.009) (0.011)
Quantity (Average years of schooling) -0.016*** -0.025* -0.016
(0.005) (0.007) (0.010)
Quality A (Altinok, Diebolt, and 0.006 0.017*
Demeulemeester 2014) (0.008) (0.008)
Quality B (Hanushek and Woessmann 2009) -0.003 0.003
(0.010) (0.01M)

continued on next page
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Table 3 continued

First-Stage Coefficient on Product Complexity

Dependent Variable Q) ) (©)) (@) )

Quantity x Quality A -0.002
(0.006)

Quantity x Quality B -0.005

(0.010)

Constant 0.019 0.112 0.037 0.064 -0.021

(0.070) (0.100) 04 (0.073) (0.093)

Observations 49 49 35 49 35

R-squared 0.132 0.028 0.006 0.242 0.109

GDP = gross domestic product.

Notes: Weighted least squares estimates, per specification (3b). The dependent variable is each country's coefficient on complexity from
first-stage specification (2). Countries are weighted by the inverse of the standard error of that coefficient. Abbreviated variable names
appear in Table 1. All standard errors are robust. *** p<0.01, ** p<0.05, * p<0.1.

Source: Authors’ calculations.

Table 4: Explaining Shifts into Education-Intensive Products

First-Stage Coefficient on Education Intensity

Dependent Variable m @) (€©))
Per capita GDP in 1995 (Constant 2010 $) 0.009* 0.016** 0.003
(0.003) (0.007) (0.004)
AQuantity -0.018*** -0.019***
(0.006) (0.007)
AQuality A (Altinok, Diebolt, and 0.005
Demeulemeester 2014, time-varying) (0.009)
Quality A (Altinok, Diebolt, and 0.020
Demeulemeester 2014, time-varying) (0.013)
AQuantity x Quality A -0.012
(0.010)
Constant -0.0471* -0.121* 0.009
(0.024) (0.067) (0.031)
Observations 49 22 49
R-squared 0.200 0.128 0.303

GDP = gross domestic product.

Notes: Weighted least squares estimates, per specification (3c). The dependent variable is each country's coefficient on education intensity
from first-stage specification (2). Countries are weighted by the inverse of the standard error of that coefficient. Abbreviated variable
names appear in Table 1. All standard errors are robust. *** p<0.01, ** p<0.05, * p<0.1.

Source: Authors’ calculations.
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Together, these results suggest that: (i) the main effect of education on the evolution of
comparative advantage is to help countries overcome unfamiliarity, (ii) the effects of quantity and
quality in this regard are difficult to tease apart,’® and (iii) it is unlikely that education helped counties
move into more complex or education-intensive products. This is because while our education
measures vary a lot across countries, countries did not vary much in their tendency to achieve
comparative advantages in complex and education-intensive products (i.e., Var(y.) and Var(Sc) are
relatively small).

B. Single-Stage Analysis

Table 5 builds up our baseline estimates of specification (1). Columns (1) and (2) include terms
suggested by complexity theory. Column (1) measures the quantity of education in 1995 by average
years of schooling, while column (2) measures it by the proportions of the population aged 15+ that
completed primary, secondary, and college education. Column (3) includes only the explanatory
variables suggested by a factor abundance approach. As we do not have attainment rates by level in
2015, or time series for most countries on changes in education quality, we focus on the effects of
changing average years of schooling. The three-way interaction allows that increasing years of
schooling would be more supportive of the development of comparative advantage in education-
intensive products if that education is of a high quality. Columns (4) and (5) combine the two sets
of coefficients. Other than familiarity and the terms derived from lagged RCA, every variable entering

the table, whether on its own or interacted, is normalized to have a mean of O and standard deviation
of 1.

As expected, the coefficients on the lagged dependent variable indicate positive relationships
between having nonzero and larger RCAs in 1995 and the probability of comparative advantage
in 2015."

We use country-clustered standard errors throughout this paper to ensure conservative
inferences. These standard errors are extremely conservative, given that we have not sampled a
small number of countries from a large universe, but rather attempted to include every low- and
middle-income country for which the relevant data are available (Abadie et al. 2017). We report in the
text any instances in which using unclustered robust standard errors alters our qualitative inferences.

'®  The raw correlation between Quality A (Quality B) and years of schooling in 1995 is 0.559 (0.588).
7 Postestimation calculation of E(CAp,t|CAp't) as well as a kernel-weighted local polynomial regression of the same
(Appendix Figure A2) confirm a nearly monotonic positive relationship.
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The results in Table 5 are consistent with those in the previous section.® The positive
significant coefficient on familiarity indicates that countries of average education quality and quantity
are much more likely to develop comparative advantage in products that are more familiar to them.
The negative sign on the familiarity-quantity interaction is consistent with education helping to
develop comparative advantages in relatively unfamiliar products. Evidence of this effect is strongest
for primary school, and indeed when using unclustered standard errors, the p-value on the interaction
between familiarity and primary attainment is effectively zero.

This effect is of a modest size. Consider two products and two countries. Assume, for each
product, that its lagged RCA and familiarity are the same in both countries, but that one product is
0.20 points (roughly 2 standard deviations, Table 1) more familiar than the other product in both
countries. We also assume that both countries have average education quality, that country A has
average education quantity, and that country B’s years of schooling are 1 standard deviation higher
than the mean. The estimates in column (4) then indicate that in country A, the probability of
comparative advantage in 2015 is 38 percentage points higher in the more familiar product than in
the unfamiliar product. However, in country B, this probability will only be 25 percentage points
higher in the more familiar product. The 13 percentage point difference attributable to education is
sizable compared to the mean probability of comparative advantage of 17 percentage points.” On
the other hand, despite this large effect of education quantity, there are no countries in our sample
with enough years of schooling to eliminate path dependence (i.e., there are no countries for which

Be + BerEcto < 0).

As was the case with the second-stage results in Table 3, the single-stage results in Table 5
paint a mixed picture regarding our second hypothesis—that (controlling for familiarity) education
helps develop comparative advantages in more complex products. Higher average years of schooling in
1995 are associated with developing comparative advantages in less complex products, but higher
quality education is associated with developing comparative advantages in more complex products.
The effect of school quality on comparative advantage in complex products is roughly one-third the
size of the effect of school quantity on comparative advantage in unfamiliar products.*

Regressions (3)-(5) provide no significant evidence that growth in education shifts countries
toward education-intensive products. The point estimates suggest that countries with larger increases
in average years of schooling between 1995 and 2015 tended to develop comparative advantages in
less education-intensive products. They also do not support the possibility that increasing years of
schooling shifts comparative advantages toward education-intensive products more reliably in
countries with higher quality education. In theory, this absence of measured effects of changes in
education could be driven by attenuation biases arising from this differenced variable’s low signal to
noise ratio (Krueger and Lindahl 20071). However, the fact that countries vary so little in the extent to

This was expected. Familiarity and product complexity are orthogonal to each other by definition (familiarity with a given
product varies across countries, while the complexity of that product does not), practically guaranteeing that estimating
familiarity and complexity interactions together will not alter the implied coefficients on either.

In country A, the difference in probability of comparative advantage is 0.2 x 1.917 = 0.383. In country B, it is 0.2 x (1.917-
0.655) = 0.252.

Consider two products 2 standard deviations apart in complexity, and two countries 1 standard deviation apart in
education quality but with the same years of schooling. Holding all other variables constant across products and countries,
the difference between the probabilities of comparative advantage in the more and less complex products would be
4.2 percentage points (= 0.021 x 2 x 1) greater in the better-educated country. Compare this to the 13 percentage point
effect of school quantity in unfamiliar products.

20
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which they shifted into education-intensive products (Figure 2c) suggests that our estimate of 6zg
would have been small even in the absence of measurement error.

Table 5 also reports R-squared statistics for models that restrict the coefficients on all
education terms to be zero in order to assess education’s explanatory power. Allowing that education
could be useful for overcoming unfamiliarity, product complexity or education intensity adds very little
to model R-squared.” In combination with the large and statistically significant coefficient on the
interaction between familiarity and education quantity, this indicates that education is useful for
overcoming unfamiliarity, but that past specialization patterns, product and country characteristics, are
still the main determinants of subsequent specialization patterns.

C. Robustness Tests

The previous two sections suggest that the primary beneficial effect of education when seeking to gain
comparative advantage in new products is that it can help overcome a lack of familiarity with target
products. The level of education most strongly associated with this effect is primary school.
Conclusions about whether it is the quantity or the quality of education that matters depend upon the
measure of education quality used. Next, we check whether these findings are robust.

Table 6 is analogous to Table 5, but replaces the Altinok, Diebolt, and Demeulemeester (2014)
estimate of education quality with estimates on a smaller number of countries from Hanushek and
Woessmann (2009). The results change very little. The most powerful role of education is still to
overcome unfamiliarity.

For example, the R-squared rises from 0.2614 to 0.2664 when the four education-related terms in column (1) are added.
In the linear probability context, R-squared captures the difference in the predicted probabilities of “success”—in our
case, a comparative advantage in the product—between observed cases of success and failure (Gronau 1998).
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Table 7 checks whether our inability to confirm a role for education accumulation in promoting
the development of comparative advantage results from specification errors. Column 2 replicates
Table 5, column 3 for comparison’s sake. Column 3 strips it of quality effects, and column 5 checks to
see whether quality accumulation over time is associated with moves into education-intensive
products (note the sharply reduced sample size). Columns 1 and 4 provide restricted regressions that
eliminate the education variables. Physical capital accumulation is associated with a movement into
capital-intensive products in columns 4 and 5. However, the education effects are always statistically
insignificant, usually of the wrong sign, and their inclusion adds little to R-squared. As Figure 2
demonstrates, their insignificance is unlikely to be driven by attenuation.

Table 7: Alternative Estimates of Heckscher-Ohlin-Vanek Effects

0 @ @) @ ®)
AK/L x ProdKL 0.001 -0.005 -0.000 0.046** 0.044*
(0.019) (0.018) (0.019) (0.021) (0.021)
AQuantity x ProdYrs -0.005 -0.010 -0.009
(0.010) (0.010) (0.016)
Quality A x ProdYrs 0.031
(0.020)
AQuantity x Quality A x ProdYrs -0.014
(0.019)
AQuiality A x ProdYrs 0.004
(0.016)
Country fixed effects v v v v v
Product fixed effects v v v v v
Corrections for lagged RCAs v/ v v v v
Observations 54,560 54,560 54,560 26,040 26,040
R-squared 0.239 0.242 0.239 0.259 0.259

RCA = revealed comparative advantage.

Notes: The estimation is based on linear probability model. Columns 1-3 include all countries in our sample; columns 4-5 are based on the
sample with the time-varying Altinok quality data. Significance using country-clustered standard errors: *** p<0.01, ** p<0.05, * p<0.1.

Source: Authors’ calculations.
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Table 8 examines the possibility that educated countries develop comparative advantage in
products that are sophisticated in ways not captured by the Product Complexity Index (PClI). To do so,
columns (2)-(4) replace the PCI with sophistication measures derived from the education
endowments of those countries that successfully export them. The interactions between these
sophistication measures and education quantity continue to carry a negative coefficient, and making
these substitutions does not qualitatively alter our findings on the interactions between education

quantity and familiarity.

Table 8: Robustness to Alternative Measures of Product Sophistication

Measure of Sophistication

PCI ProdYrs ProdCog ProdColl

M @ 3 C)
Familiarity 1.917%* (0.182)  2.052** (0.189) 2.005** (0.181) 2.066™* (0.197)
Familiarity x Quantity -0.655"* (0.165) -0.404"* (0.121) -0366** (0.124) -0.312** (0.127)
Familiarity x Quality A 0114 (0.132) -0.072 (0.112) -0.070 (0.119) -0.128 (0.120)
Soph x Quantity -0.029"* (0.012) -0.012** (0.006)  -0.041* (0.024) -0.004* (0.002)
Soph x Quality A 0.021™  (0.010) 0.007 (0.025) 0.043 (0.026) -0.002 (0.002)
AK/L x ProdKL 0.015 (0.010) 0.014  (0.011) 0.013  (0.011) 0.013 (0.012)
AQuantity x ProdYrs -0.014 (0.013) -0.012 (0.014) -0.007 (0.013) -0.006 (0.013)
Quality A x ProdYrs 0.002 (0.023) -0.005 (0.024) 0.000 (0.023)
AQuantity x Quality A x ProdYrs 0.005 (0.023) 0.009 (0.023) 0.011  (0.023) 0.014 (0.022)
Country fixed effects v v v
Product fixed effects v v v
Corrections for lagged RCAs v v v
Observations 54,560 54,560 54,560 54,560
R-squared 0.264 0.263 0.263 0.263

PCI = Product Complexity Index, RCA = revealed comparative advantage.

Notes: The estimation is based on linear probability model, per specification (1). Significance using country-clustered standard errors:

**p<0.01,** p<0.05, * p<0.1.
Source: Authors’ calculations.
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Table 9 shows that our results are not sensitive to most changes in the RCA cutoff used to
decide whether a country exports a product with comparative advantage. The only discernable shift is
that the interaction between familiarity and years of schooling declines as the bar for achieving
comparative advantage is lowered.

Table 9: Robustness to Changes in Revealed Comparative Advantage Cutoffs

Cutoff = 0.5 Cutoff=0.8 Cutoff =1 Cutoff =2

) @ 3 )
Familiarity 1.985**  (0.189) 2.017**  (0.184) 1.917** (0.182) 1.376™* (0.166)
Familiarity x Quantity -0.309*  (0.168) -0.512**  (0.167) -0.655**  (0.165) -0.708"*  (0.160)
Familiarity x Quality A -0.068  (0.118) 0.019  (0.129) 0114  (0.132) 0.099  (0.141)
PCl x Quantity -0.026* (0.014) -0.028* (0.013) -0.029** (0.012) -0.023** (0.008)
PCl x Quality A 0.033**  (0.012) 0.025* (0.010) 0.021**  (0.010) 0.008 (0.006)
AK/L x ProdKL 0.018  (0.012) 0.017*  (0.010) 0.015  (0.010) 0.006 (0.008)
AQuantity x ProdYrs -0.010 (0.016) -0.014 (0.014) -0.014 (0.013) -0.016* (0.009)
Quality A x ProdYrs 0.009 (0.029) 0.003 (0.0249) 0.002 (0.023) -0.004 (0.017)
AQuantity x Quality A x ProdYrs -0.006 (0.029) 0.003 (0.024) 0.005 (0.023) 0.01m1  (0.017)
Country fixed effects v v v v
Product fixed effects v v v v
Corrections for lagged RCAs v v v v
Observations 54,560 54,560 54,560 54,560
R-squared 0.317 0.283 0.208 0.264

PCl = Product Complexity Index, RCA = revealed comparative advantage.

Notes: The estimation is based on linear probability model, per specification (1). Significance using country-clustered standard errors:
#*p<0.01, * p<0.05, * p<0.1.

Source: Authors’ calculations.

Table 10 checks whether our education-related coefficients might be biased by the omission
of controls for national institutional and infrastructure quality or for openness to FDI.>* This is done in a
separate regression for each control variable by adding an interaction between the control variable and
both familiarity and the PCI. It also includes, at the end, a regression controlling for the first principal
component of all 10 institutional and infrastructure quality measures. None of these changes makes
any difference to our conclusions regarding the role of education. In contrast to education, no
infrastructure controls predict movement into unfamiliar or complex products. Only one institutional
control—an index of regulatory quality—predicts developing comparative advantage in complex
products, and none predict developing comparative advantage in unfamiliar products. And, countries
receiving more FDI were more likely to develop comparative advantage in products with which they
were already familiar. *

> FDI is widely considered to have been an important source of new productive knowledge for late industrializing countries

(e.g., Felker, Jomo, and Rasiah 2013). We have not presented all of these regressions here in the interests of parsimony.
Regressions controlling for access to information and communication technology, corruption, the number of procedures
needed to open a small business, and kilometers of road per square kilometer yield the same qualitative results as those
shown here. Mehta and Felipe (2014) list the sources of these institutional variables, while FDI data are drawn from the
World Bank’s World Development Indicators database.

% This is consistent with FDI flowing mainly toward industries relying on well-established capabilities. While intuitive, this
idea cannot be tested without data on FDI receipts disaggregated by industry.
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Table 11: Correcting for Prior Industrial Dynamism

Measure of Prior Industrial Dynamism Used

Labor Productivity First-Stage Coefficients
Real GDPPC Growth Rate Growth Rate on Familiarity and PCI
M @ 3 C) 5) (6)
Familiarity 1.753%* 2.352%%* 1.983** 2.358%* 1.710%%* 1.940**
Familiarity x Quantity -0.830*** -0.691** -0.702%
Familiarity x Quality A -0.107 -0.103 0.021 0.007 0.134* -0.060
Familiarity x Primary -0.605*** -0.438** -0.331%*
Familiarity x Secondary 0.144 -0.075 0113
Familiarity x College -0.163 -0.216** -0.231*
Familiarity x Dynamism (1975-195) ~ 0.857** 0.780%** 0.583** 0.410* -0.043 -0.650
Familiarity x Dynamism (1985-95)  -1.544"*  _1812%*  _0964*  -1258"*  -1546"*  -1220""*
PCl x Quantity -0.032%+ -0.020** -0.019**
PCl x Quality A -0.009** -0.019** 0.010** 0.004 0.019*** 0.010***
PCl x Primary -0.009** -0.006* 0.004
PCI x Secondary -0.033*"* -0.017%% -0.009**
PCl x College 0.017*** -0.000 -0.009**
PCl x Dynamism (1975-95) 0.043* 0.057*+* 0.019** 0.0271%* 0.102*%* 0.112°*
PCl x Dynamism (1985-95) 0.005 -0.019 0.040** 0.038** 0.669*** 0.678"*
AK/L x ProdKL 0.017** 0.008 0.017%* 0.010* 0.010** 0.008
AQuantity x ProdYrs -0.0371%** -0.018*** -0.025%** -0.018*** -0.034*** -0.029**
Quality A x ProdYrs 0.003 0.006 0.010 0.005 0.020*** 0.007
AQuantity x Quality A x ProdYrs 0.001 -0.000 -0.005 -0.001 -0.016*** -0.003
Country fixed effects v v v v v v
Product fixed effects v v v v v v
Corrections for lagged RCAs v v v v v v
Observations 33,480 32,240 38,440 37,200 42,160 40,920
R-squared 0.313 0.313 0.293 0.292 0.294 0.292

GDPPC = gross domestic product per capita, PCl = Product Complexity Index, RCA = revealed comparative advantage.

Notes: GDP per capita data are from World Development Indicators, labor productivity from Penn World Tables, and first-stage coefficients
are explained in the text. Estimates from a linear probability model of comparative advantage in 2015, per specification (1). Significance using
country-clustered standard errors: *** p<0.01, ** p<0.05, * p<0.1.

Source: Authors’ calculations.
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The correlations we report between education and post-1995 export dynamism (movements
into unfamiliar and complex products) could reflect a tendency for intrinsically dynamic countries to
invest in education. To check whether this is plausible, we first calculate four different measures of
prior industrial dynamism. We calculate each of these over two prior time intervals: 1975-1995 and
1985-1995. The four measures are: (a) real per capita GDP growth; (b) real labor productivity growth;
and the coefficients in country-by-country first-stage regressions (specification 2) using Standard
International Trade Classification export data from the start and end of the time interval on
(c) familiarity (i.e., prior ) and (d) complexity (i.e., prior 7,).

The correlations between these years of schooling in 1995 and these four dynamism measures
are higher in 1985-1995 than during 1975-1995. In 1985-1995 they are, in the same order: (a) 0.195,
(b) 0.132, (c) 0.408, and (d) -0.237. Only the third of these correlations, between prior 8, and 1995
years of schooling, is statistically significant at even the 10% level.

Table 11 checks whether our finding that education helps to overcome familiarity reflects a
spurious correlation owing to these relationships. Each regression interacts prior dynamism with
familiarity and the PCIl. Our preferred estimates are those appearing in columns 5 and 6, for two
reasons: they use the same notion of dynamism in the earlier and later periods; and they include the
dynamism measure that correlates most strongly with schooling (and so, a priori, is the likeliest source
of omitted variables bias). With the limited exception of one of the four coefficients in the two less
preferred specifications, the results do confirm that countries whose export mixes were more dynamic
between prior to 1995 were more likely to move into unfamiliar and complex products between 1995
and 2015. However, perhaps because most measures of prior dynamism are not strongly correlated
with education, these corrections do not alter our findings that countries with higher average years of
schooling and higher primary attainment were more likely to develop comparative advantage in
unfamiliar products. Moreover, the role of college and especially primary attainment in overcoming
familiarity appears much stronger once these corrections are made.

Table 12 checks our results for robustness to corrections for neighborhood effects—spillovers
of knowledge and supply chains to nearby countries (Bahar, Hausmann, and Hidalgo 2014; Bahar et al.
2019). We capture these effects by correcting for the weighted average familiarity in 1995 of every
other country with the product in question—where the weight is simply the inverse of that country’s
geographic distance from country ¢, and an analogous measure of neighbors’ RCA in 1995. Column (1)
reprises our main results, which do not change when correcting separately for neighbors’ familiarity or
RCA (columns 2 and 4), for these variables interacted with education (columns 3 and 5), or all of the
above (column 6).**

% Education quality is associated with developing comparative advantage in products with which neighbors are familiar—

consistent with quality education facilitating knowledge flows across borders, but that neighbors do not actively
produce—consistent with it helping to overcome competition.
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Table 12: Correcting for Neighbors' Specialization Patterns

0 @ @ “ ®) ®)
Familiarity 1.917% 1.916* 1.924** 1.918*** 1.9171% 1.927%*
Familiarity x Quantity -0.655"*  -0.655"*  -0.646™*  -0.654"*  -0.659"*  -0.646™"*
Familiarity x Quality A 0.114 0.115 0.062 0.112 0.118 0.064
PCl x Quantity -0.029* -0.029"  -0.030**  -0.028*  -0.028** -0.030**
PCl x Quality A 0.021* 0.021* 0.023** 0.0271* 0.021% 0.023**
AK/L x ProdKL 0.015 0.015 0.013 0.015 0.015 0.013
AQuantity x ProdYrs -0.014 -0.014 -0.016 -0.014 -0.014 -0.016
Quality A x ProdYrs 0.002 0.002 -0.004 0.002 0.002 -0.004
AQuantity x Quality A x ProdYrs 0.005 0.005 0.01m 0.006 0.005 0.0M
Neighbors' familiarity with the product -0.001 -0.015 -0.010
Neighbors' familiarity x Quantity -0.018 -0.025
Neighbors' familiarity x Quality A 0.068** 0.076**
Neighbor's RCA in the product -0.002 -0.002 -0.003
Neighbor's RCA x Quantity 0.002 0.002
Neighbor's RCA x Quality A -0.002 -0.003***
Country fixed effects v v v v v v
Product fixed effects v v v v v v
Corrections for lagged RCAs v v v v v v
Observations 54,560 54,560 54,560 54,560 54,560 54,560
R-squared 0.264 0.264 0.265 0.264 0.265 0.265

PCI = Product Complexity Index, RCA = revealed comparative advantage.

Notes: Neighborhood familiarity is the average familiarity of all other countries in the world with product p, weighted by the inverse of each
country's distance from country ¢ Neighborhood RCA is analogous. Estimates from a linear probability model of comparative advantage in
2015, per specification (1). Significance using country-clustered standard errors: ** p<0.01, ** p<0.05, * p<0.1.

Source: Authors’ calculations.

D. Core and Peripheral Products

Table 13 presents results on the subsets of core and peripheral products. Our main results, that
countries with higher average years of schooling were substantially more likely to develop comparative
advantage in unfamiliar products, holds for both subsets.
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Table 13: Regressions in Subsamples of Core and Peripheral Products

Core Products Peripheral Products
m @ 3) 4 (5) (6

Familiarity 2.906** 2523 2.935%** 271071+ 1.837%* 218
Familiarity x Quantity -0.700** -0.9071***

Familiarity x Quality A 0.536 0.136 -0.300 -0.498*
Familiarity x Primary -0.075 -0.677*
Familiarity x Secondary -0.328 0.206
Familiarity x College 0.148 -0.182
PCl x Quantity -0.025* -0.024**

PCl x Quality A 0.016 0.014 -0.012* -0.015**
PCI x Primary -0.024** -0.027**
PClI x Secondary -0.017 -0.002
PCl x College 0.019 0.007
AK/L x ProdKL 0.014 0.022 0.012 0.027* 0.038* 0.037**
Quality A x ProdYrs -0.018 -0.007 -0.000 0.005
AQuantity x Quality A x ProdYrs 0.029 0.016 0.008 0.003
AQuantity x ProdYrs 0.011 0.007 -0.010 -0.01
Country fixed effect v v v v v v
Product fixed effect v v v v v v
Corrections for lagged RCAs v v v v v v
Observations 10,164 10,164 9,933 10,208 10,208 9,976
R-squared 0.2557 0.2583 0.2574 0.3189 0.3295 0.3300

PCI = Product Complexity Index, RCA = revealed comparative advantage.

Notes: The estimation is based on linear probability model, per specification (1). Significance using country-clustered standard errors:
#**p<0.01,* p<0.05, * p<0.1.

Source: Authors’ calculations.

However, there are four differences between core and peripheral products. First, while
countries with education of a higher quality exhibit a slight tendency to develop comparative
advantages in unfamiliar peripheral products, this is reversed for core products.® Second, primary
attainment was associated with learning to produce unfamiliar peripheral products, but this is not the
case for core products. Third, capital accumulation is significantly associated with movements toward
capital-intensive products among peripheral products, but not among core products. Fourth, the
effects of familiarity are larger among core than among peripheral products. All of these results suggest
that it is hard to develop comparative advantage in core products, and that general education is
particularly important for moving up lower rungs of the product ladder.

* When using unclustered standard errors, the coefficients on the familiarity-quality interaction for core products in

columns (2) and (3) have p-values of 0.008 and 0.092. The analogous p-values in the peripheral regressions (5) and (6)
are 0.018 and 0.000.
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V. CONCLUSIONS

We have analyzed the relationship between education and the evolution of comparative advantage
among low- and middle-income countries. We found strong evidence consistent with education
helping countries to develop comparative advantages in unfamiliar products—products that are
unrelated to those in which they already have comparative advantages. In contrast, controlling for
familiarity, more educated countries were not much more likely to develop comparative advantages in
complex products, and those countries that experienced faster increases in education levels were not
more likely to develop comparative advantages in education-intensive products. Taken together, these
results are more obviously supportive of an approach to the development of comparative advantage
that emphasizes relatedness between products than of a Heckscher-Ohlin-Vanek approach. The
relatedness approach emphasizes that the process is evolutionary, with productive capabilities
developing in path-dependent fashion. Education’s core contribution to the process, it appears, is to
reduce this path dependence by facilitating longer leaps into previously unfamiliar products.

While there are no plausible instruments for our key independent variables, several types of
auxiliary evidence suggest that these results should be taken seriously. They are robust to many
changes in specification, to changes in how product sophistication is operationalized, and to
corrections for national, institutional, infrastructural, and FDI-related variables. We also find that
primary education and education of a higher quality is most strongly associated with overcoming
unfamiliarity when developing comparative advantage in peripheral products, but not in core
products—which is consistent with the widely accepted idea that core products require the acquisition
of more capabilities, but also with the idea that quality basic education is important for amassing basic
capabilities. Perhaps most importantly, our results are not explained by the fact that the most educated
countries in 1995 tended to be a little more dynamic in the prior decades. Lacking the micro data
needed to test alternative mechanisms, we remain agnostic regarding how education might facilitate
shifts toward unfamiliar products. Three possibly complementary mechanisms appear worth exploring
in light of related research. First, developing new capabilities requires the acquisition of tacit knowledge
and its transfer across less related activities (Hidalgo et al. 2018). Education may well facilitate both a
more rapid acquisition of tacit knowledge through learning by doing, and greater efficiency in
assembling teams with the right knowledge mix. Second, a more educated workforce might be better
placed to acquire the additional pieces of book knowledge required to make inroads into new
industries. Third, education may permit actors to identify and take advantage of new disequilibrium
opportunities (Schultz 1975). There is evidence that new industrial strengths develop where
downstream industries already exist (Bahar et al. 2019), which is consistent with changes in the
organization of supply chains creating such disequilibrium opportunities.

These results do not mean that education is unimportant for developing countries seeking to
move from peripheral products to complex, core products. They imply that education is important, but
not because products in the core are complex. Education is important because core products are
unfamiliar to these countries, given what they already produce. Put differently, education would be no
less helpful in the unlikely scenario that a developing country wished to develop comparative
advantage in an unfamiliar peripheral product.
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Finally, we caution that education differences account for rather little of the cross-country
variation in export diversification. Education variables have limited explanatory power overall, and
while education is associated with less path dependence, it does not eliminate it. Even the most
educated countries tend to develop comparative advantages in products that are related to those they
already produce. This path dependence suggests that industrial development needs to be partly a
deliberate process, with governments facilitating the development of a series of stepping-stone
industries that the economy can traverse on its way to the core. Our findings suggest that investments
in education allow the stepping stones to be spaced a little further apart.



APPENDIX: DERIVING THE ESTIMATION EQUATION FROM
A SIMPLE EVOLUTIONARY MODEL OF EDUCATION, TACIT
AND BOOK KNOWLEDGE, AND COMPARATIVE ADVANTAGE

Consider a standard 2-country, P-product Ricardian trade model, with labor, L, as the only factor of
production. Value added in product p given by @, = A, L, in Home and Q;, = A} L}, in the rest of the
world. As usual, equilibrium in period t requires a ranking of products by Home’s relative productivity,
02:(p) = Ay /Ay, and that Home allocates its labor to meet global demand for the products at the
top of this ranking. Thus, the likelihood that Home has a comparative advantage in p increases
monotonically in 2;(p).

While relatedness can arise for many reasons (see footnotes 3 and 7), we adopt here the most
widely discussed assumption in the literature—that it arises due to the importance of tacit knowledge
for productivity. Let productivity in productp be log-separable in the tacit and book knowledge

relevant to producingit: A, ; = BZ‘;T:;. We represent current tacit knowledge relevant to p as translog

in prior familiarity with similar products, F,, 1y, and education, E, so that, ignoring quadratic terms:
ln(Tp’tl) =To+ 17, ln(Fp,to) + 7, In(E) + 13 ln(Fplto) In(E).Naturally, education and familiarity with
p could increase the tacit knowledge relevant top, so thatty,7, = 0. If education permits tacit
knowledge to be acquired in, or transferred from, less related production activities, then 73 < 0. We
can also represent book knowledge relevant to p as translog in the complexity of product p, C,, and in
education. Again, ignoring quadratic terms: ln(Bp,t) = Bo + b1 ln(Cp) + B, In(E) + B3 ln(Cp) In(E).
Education could make book knowledge easier to acquire f; > 0,and we hypothesize that this is
especially true of the book knowledge required to produce the most complex products: 5 > 0.2

Then, assuming that these knowledge production functions are the same in Home and the rest
of the world, and using lower case to represent logarithms of variables described earlier, we have:

+) +)
InQey (p) = (0582 + O772) (e — e ) + BpPB5 ¢, (e — € %) (AT)

+ ‘2(1"_%_; (fp,to - fp*,to) + QZL% (efp,tO - e*fp*,tO)
+ -)

Notice that f, +o and f,+o are functions of the full vector of £.((p), so that the P instances of
(A1) together determine how comparative advantage evolves between t0 and t1. As the probability
that Home has a comparative advantage in p is monotonic in £2;(p), this equation becomes the right-
hand side for a binary model of comparative advantage. In a multicountry setting, small-country
assumptions make e*and f; ;o constant across countries, and the first term in (A1) is absorbed into the
country fixed effects. Assume that education is exponential in measured schooling, and normalize
education so that e* = 0. What remains becomes the first line on the right-hand side of specification
(1), with the following expectations for the parameters in that specification:

% The restrictions on functional form just enumerated are either without loss, or are testable. Three of the four quadratic

terms dropped from the tacit and book knowledge functions are absorbed into country and product fixed effects; and we
have tested for robustness to correcting for familiarity-squared (available on request).



34

Appendix

) Industrial development is path dependent, in the sense that fr = 677, > 0.

D) Education can reduce path dependence by facilitating tacit knowledge acquisition in

unfamiliar products: fgr = 0773 < 0.

(i) Countries with more educated workforces are likely to export more complex products:

Yec = 0gB3 > 0.

Figure A1: Q-Q Plot for In(RCA)
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Note: Distributional test for nonzero RCA values in 1995.

Source: Authors’ calculations.
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Figure A2: Probability of Comparative Advantage in 2015 Conditional on
Nonzero Revealed Comparative Advantages in 1995
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Notes: Kernel-weighted local polynomial regression. For country-product pairs with zero exports in 1995, the probability of
CA'in 2015 is 0.046. Local mean smoothing is applied.

Source: Authors’ calculations.
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Table Al. List of Countries

Countries ISO Codes | Countries ISO Codes
Albania ALB Mauritius MUS
Algeria DZA Mexico MEX
Argentina ARG Moldova MDA
Armenia ARM Mongolia MON
Brazil BRA Morocco MAR
Bulgaria BGR Nigeria NGA
Chile CHL Panama PAN
Colombia COL People's Republic of China PRC
Costa Rica CRI Peru PER
Croatia HRV Philippines PHI
Egypt EGY Poland POL
El Salvador SLV Republic of Korea KOR
Estonia EST Romania ROU
Ghana GHA Russian Federation RUS
Honduras HND Slovak Republic SVK
Hungary HUN South Africa ZAF
India IND Thailand THA
Indonesia INO Trinidad and Tobago TTO
Iran IRN Tunisia TUN
Jordan JOR Turkey TUR
Kazakhstan KAZ Ukraine UKR
Kyrgyz Republic KGZ Uruguay URY
Latvia LVA Viet Nam VIE
Lithuania LTU Zimbabwe ZWE
Malaysia MAL

ISO = International Organization for Standardization.

Source: Authors' compilation.
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Education and the Evolution of Comparative Advantage

The paper provides the first evidence that countries with high education levels were more successful

in developing comparative advantage in products unrelated to those they already export. In contrast,
education appears unimportant for developing comparative advantage in products that are intrinsically
complex or education intensive.
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