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Abstract. Our paper reassesses the question of the impacbgfitive skills on

economic growth using new indicators for cognitiskills. These data extend
measures of cognitive skills substantively. In jgatér, our data extends the
coverage of less developed countries, among thetm@d®7 countries of Sub-
Saharan Africa, a continent that was largely mg$iom the analysis of the effects
of learning outcomes on economic growth. Using tkidended dataset and
employing several identification strategies, cogeitskills are found to have a
positive impact on economic growth. We address hbterogeneity in the causal
effect of cognitive skills on growth and show thiae effect of skills on growth
differs across regions and by the economic levetanintries. Our results indicate
that high-income countries should focus on incregghe number of high skilled
pupils, while countries from Sub-Saharan Africa Wiobenefit more by investing in
the development of basic skills.
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1. Introduction

The question of which factors determine economiewijn has been a major topic in economic
research. Levine and Renelt (1992) reported iniieédme level and the share of investment in
GDP as the only variables that consistently hatissitally significant impacts on economic
growth across a wide array of specifications. THieg that neither primary nor secondary
enrolment rates consistently had positive, statflfi significant effects on economic growth.
The importance of human capital for economic grotdis been called into question by a large
number of studies that failed to find a positivetienship between the quantity of education and
economic growth in cross-country analysis. Recduatliss, however, have pointed out the
importance of school quality as opposed to quariBarro, 1991, Hanushek and Kimko, 2000,
Hanushek and Woessmann, 2012a) and have provideenee of the positive effect of school

quality on the rate of economic growth.

This paper extends this recent literature in a remd§ substantive dimensions. We use a
recent dataset that covers many countries, paatiguless developed ones, that could not be
included in growth regressions by previous studiést example, among the newly added
countries, our database includes 27 countries bfS&aharan Africa, a continent that was largely
missing from the analysis of the effects of leagnoutcomes on economic growth. The study
also updates the period of analysis by including thost recent data on schooling quality
(between 1965 and 2012). Using these data, we guaigydar attention to the heterogeneity in the
estimated impact of the relationship between edutaand growth according to level of
development. We also assess the importance of mmimand advanced skills on growth
experiences of countries with different levels @velopment. In addition to reporting cross-
sectional regression results, we also presenttseBam recently proposed alternative estimation
methods for identifying the causal effect of edigratquality on growth using a panel data
framework and new set of instruments. This allowtest the robustness of the estimated impact
of cognitive skills on economic growth based orfedént estimation strategies and subsamples

and provides several novel results.



Many previous studies have analyzed the impactdoication on economic growth (see
Glewweet al, 2014, Durlauf, Johnson, and Temple, 2005 forditere reviews}.In spite of the
large number of recent empirical studies carriedooudata involving international comparisons,
the assumption of a clear and positive relationdefpveen the investment in human capital and
economic growth has been largely called into qoastivhile some international comparative
studies have shown that many educational variayesmong factors that determine the growth
of per capita GDP in a country (Barro, 1991; Mankival, 1992), available education indicators
such as schooling rates or the average number hafokg/ears in these studies have been
criticized as vague measures of human capital.0Bdre91) was the first study to emphasize
school quality along with other measures of edocatBarro presented evidence that school
quality matters; higher primary and secondary ptgatcher ratios in 1960 have marginally
significant negative impacfsin 2001, Lant Pritchett underlined the controvesssurrounding
the relationship between education and growth dfeit, 2001). Among explanations put
forward of why the most robust econometric analyd@$ot make it possible to prove a stable
and positive relationship between human capital es@homic growth, Pritchett highlighted the
importance of the quality of education and argured if the quality of education is so low it may

not produce the necessary skills to lead to econgnaiwth.

An important number of research papers analyzectheation-growth relationship. In this
paper, we only focus on studies that have includedualitative dimension to education
Following Barro's analysis that underlined the imaoce of school quality, the work of
Hanushek and Kimko (2000) was the first to inclmeasures of educational quality using data
from international student achievement tests (lienedSATS). Using data from ISATs that
administered similar mathematics and science testtudents in 31 countries, they construct
normalized test scores and include these as measfithke human capital stock (called "Labor
Force Quality") in their analysis of economic growfrom 1960 to 1990). They find that the

coefficient estimate for this variable is positiaed statistically significant, and its inclusion in

> The question raised by Levine and Renelt (1992) weaisited by Sala-I-Martin, Doppelhofer, and Millg004)

who ranked variables by their robustness in gromgtressions and found that the 1960 primary schoablment
rate is the second most robust variable. Duril. (2005) on the other hand highlight in their revithat perhaps
the high standard set by Levine and Renelt (1998) e too strict.

* Including a school quality variable can also beeipteted as correcting for measurement error, sjeees of
schooling or enrolment rates may measure humanatayth error.

® For further details, see the comprehensive rebig®urlauf, Johnson, and Temple (2005).



the analysis causes the years of schooling vartaliese statistical significance. Their estimated
impact is large, suggesting that a one standar@ti@v increase in schooling quality (measured
by test performance) increases the rate of econgrowth by 1.4 percentage points. An
important shortcoming of this analysis is the isahn of the learning outcomes variable for only
one point in time, hence making it impossible talgpe economic growth rates as a function of

changes in learning outcomes.

A recent paper by Hanushek and Woessmann (2012eaftter HW) aimed at improving the
work of Hanushek and Kimko (2000). Using the Colsral Soto (2007) years of education
instead of the Barro and Lee dataset, they up@stestore data that include more developing
countries (50 countries, of which 27 are developaoyntries) and the period analyzed is
extended to cover the 1960-2000 period. Anotheomamt change is related to the methodology
used: HW used an approach that assumes stabiktytone of the variance of quality of student
achievement in a restricted number of OECD coustrighich serves as a standardization
benchmark for performance variation over time. Eughors call this benchmark group the
“OECD Standardization Group” (OSG) of countrfel\W assume that cross-country variation
among the OSG countries has not changed substarsilate 1964, and using this assumption,
they build new indicators of student achievemenmt atucational quality. Their main measure of
cognitive skills is a simple average of all stanliizgd math and science test scores from the
ISATs in which a country participated. Their datsdancludes a combined measure for the 50
countries that have ever participated in any ofntla¢h and science tests. Confirming results from
Hanushek and Kimko (2000), HW find that years dicsding have no impact on economic
growth when the test score measure is included.eMar, the test score variable is highly
significant and adding it increases the adjustedgRared from 0.25 to 0.73. Overall, a one
standard deviation increase in school quality soamted with a 1.3-2.0 percentage point higher

rate of economic growth.

Following the pioneering analysis of Hanushek amuk¢ (2000), we start from the idea that

one year of education in counirgoes not confer the same rate of return as oneoyealucation

® The OSG countries are: Austria, Belgium, Canadeyribark, France, Germany, Iceland, Japan, Norwagdsm
Switzerland, the United Kingdom, and the Unitedt&a The authors suggest two criteria for detemgirthe
countries to be included in this benchmark groupstfFthe countries have to be member states ofdlatively
homogenous and economically advanced group of OE@QItries in the whole period of ISATs observations
Second, the countries should already have hadsaastal enrollment in secondary education in 1964.



in countryj. For instance, a one-year increase in educatidapan may not give the same output
as a one-year increase yields in Botswana. Thues,sthdies which take into account only
quantitative indicators of education will be biasewving to the fact that they regard human
capital as a homogeneous factor of production. ¢J#ie recent dataset in this paper which is an
updated version of Altinokt al, 2014, we investigate the relationship betweemitivg skills
and the average annual growth rate of the econoetwden 1960 and 2010, a positive
correlation is evident between the two (FigureQur paper aims at improving and extending the
literature in a number of ways. Firstly, we useaggér dataset for our test score variable, by
including more developing countries: our datasevigles an increase in the number of countries
of about 60%. A recent database (Altinetkal, 2014) compiled the results of countries in the
international assessments of pupils for each ¢kiithematics, sciences and reading) between
1960 and 2007. While this original dataset providesa until 2007, we replicate the same
methodology in order to update it until 2012. Congplato the Altinok et al. (2014) dataset, while
our updated dataset includes only 3 additional tees) by including more recent testing, it
achieves a substantive extension of 30% in the eurob observations overall. This increase
permits us to improve the precision of our learnmgcomes indicators, since we have more
observations for each country. The resulting uptatatabase includes comparable cognitive
skills for 125 countries, as compared to HW wheetatto account 77 countries. For instance, our
database includes 27 countries of Sub-Saharan aAfsicich were not captured by previous
research.

Secondly, the methodology used for our test scataset is exclusively based on datasets
available at the student level, which helps to oedarrors in measures of school quality. For
instance, we improved the measure of test scoregeba 1960 and 1980 by adjusting the test
scores of pioneering achievement tests with orlgiena data provided by the IEA (International
Association for the Evaluation of Educational Astimenty. In most previous studies, only

mean scores published in international reports weegl. In order to reduce measurement error

" A major improvement of the Altinok et al. (2014)tdset deals with the information relative to tsebétween the
first waves of IEA studies. Indeed, the trends leetw FIMS and SIMS and between FISS and SISS are onl
available for a common number of items. The listhise items and the anchoring process is desciib&gaA
Reports (see Keeves, 1992; Robitaille and Gard#0)1 This additional information permitted Altinek al. (2014)

to adjust assessments on NAEP anchoring, but alsptoduce the trends found in these reports eSmsignificant
number of items were used in both assessmentsiethés found in these reports may reduce the biashwoccurs
when we only use NAEP anchoring.



bias, we also chose not to include data from aesassent for which there is no raw data
available. This is the reason why we excluded hatonal Assessment of Educational Progress
(IAEP)® and Monitoring Learning Achievement (MLA) assesatselndeed, specific corrections
are often needed for mean scores from student\ashient tests in order to obtain comparable
scores between countries and over time, even &wéhy recent student achievement tests such
as TIMSS 2003. For instance, some countries tookipaeveral student achievement tests, but
with different sampling procedures. With originaw data, it is possible to exclude specific

populations in order to obtain more comparable datkearning outcomes.

Thirdly, since our data include countries from galveontinents, in addition to estimating an
average effect of education on economic growth,cae also test for heterogeneity in these
effects. This paper is the first one in literatdhat assesses within a causal framework the
differences in the amplitude of cognitive skillsdagrowth relationship.In particular, we exploit
the availability of more than 80 countries in owtal and provide estimates separately by (i)
income level of countries, (ii) regions, and (iiotal factor productivity. This analysis provides
novel evidence on the cognitive skills and econogrmwth relationship. For example, among
other regions, our analysis provides results foabArcountries and Sub-Saharan African
countries, a region the growth experience of whiteived little attention by previous studies

due to data constraints.

Nelson and Phelps (1966) very early suggested ttiatmost powerful technologies are
adopted and implemented more quickly by those enagmrichest in human capital. From this
viewpoint, it is thelevel of education which raises thgrowth rate of the economy, by
accelerating the assimilation of technical progr€msequently, if a country devotes, in any one
year, more resources to education and thus ingessstock of human capital, the result will be
an increase in the growth rate of the economy. Ating to the ideas of Nelson and Phelps, it

may be that education also increases the capawitatry out strictly economic choices, in

8 Unfortunately, raw data for IAEP are not availaée would like to thank ETS and NCES for their sop.

° Castell6-Climent and Hidalgo-Cabrillana (2012) elep a theoretical model of human capital investsien
distinguishing between low- and high-quality edimat Using the Hanushek and Kimko (2000) databety show
the education quality has a positive effect on ghoanly when quality is relatively high and conotuthat quality
may be not growth enhancing unless students achiev@mimum level of knowledge. Their main empirieakrcise,
however, does not control for potential endogeneitycognitive skills and includes few developinguotries
compared to our data. Where they use an |V strate@ddress endogeneity lagged values of educgtiatity is
used as an instrument but the authors caution stghie validity of this instrument.



particular suitable allocation of resources. Thppraach thus supposes that the output of
education is all the higher as there are major dppiiies for technological imitation and
adaptation in an unstable universe. For testing higpothesis, we also conduct an analysis that
tests whether the effect of minimum and advanceellef cognitive skills differ between
countries. This analysis aims at answering whigiesyof skills matter most for the economic
growth of less developed and more developed regesfind that high income countries need
to focus on the share of pupils reaching the ads@revel while low income countries and in
particular Sub-Saharan African countries may inweste on education policies which focus on

the share of pupils who reach the minimum levehathematics and science.

We also control for potential endogeneity and messent error by using an IV estimation
strategy. Since our dataset includes more countesinstruments used by HW in their panel
data analysis are incomplete in our case. Newunsnts for panel regressions have been
proposed recently in the literature (Islatnal, 2014; Adams-Kane & Lim, 2014)We use this
alternative set of instruments (government effestess and health measures) in an IV-GMM

specification to test the robustness of resuleniogeneity and measurement bias issues.

Lack of comparable data on cognitive skills is aegal issue for growth empirics research.
After improving the data by including more develupicountries, our analysis yields five main
results. i) While we cannot find a robust effectttoé quantity of schooling (measured as initial
years of education), the coefficient associatedh witr updated cognitive skills variable is quite
strong over most estimations. These results cortfiwse reported by HW. ii) Our results show
that including more developing countries increaties overall impact of cognitive skills on
economic growth by about 25%. iii) Moreover, welffitmat the magnitude of the effect is highest
for low-income countries, followed by high-incomedamiddle-income countries. iv) Lastly, a
focus on the share of basic and top performersinvigach country highlights different effects
between subsamples. While in high-income countities share of top performers in student
achievement tests has a strong and positive effeeiconomic growth, it is the share of students
reaching the minimum level which has the most imhpececonomic growth for countries from
Arab States and Sub-Saharan Africa. Hence, afk@mganto account potential reverse causality
iIssues, measurement error and omitted variable bhasresults provide strong evidence that

investing in the quality of education enhancesat@nomic growth of countries.



In section 2, we outline a simple growth model tloains the basis of our estimation. Section
3 presents the data sources and general methodossgl/to construct our database on the test
scores measure. Section 4 estimates the contmbofidhe quality of education to economic
growth in a cross-section dataset. Section 5 detls potential endogeneity and measurement
error bias. Section 6 includes a panel regressiberevwe test for the effect of improved test
scores on changes in economic growth. We then explotential heterogeneity of the impact of

cognitive skills in economic growth (Section 7) stlg, section 8 concludes our analysis.
2. A Simple Growth Model

Following HW, we use a simple growth model: a coylatgrowth rated) is a function of the
skills of workers H) and other factorsX). These factors include initial levels of incomeda
technology, specific institutional dimensions, aotther factors that are used in the growth
empirics. Skills are often referred to simply as tiworkers' human capital stock. Our
specification assumes thidtis a one-dimensional index and that growth ratedinear in these
inputs:

g=YH+pX+e (1)

The most important specification issue in this feavork is the nature of the skills (H) and
where they might come from. In the educational patidn function literature (Hanushek, 2002),
skills are explained by many factors such as famiputs ), the quantity and quality of inputs
provided by schoolsq®, individual ability ), and other relevant factor&)(which include
labor market experience, health, and other spedif@cacteristics:

H=aF +B(qS)+yA+6Z+v (2)

In our specification, the schooling termy combines school attainmer) (and its quality
(q). However, human capital is a latent variable ti@atnot be directly observed. Hence, we need
a correct measure of human capital in order toitesimpact on economic growth. The main
existing theoretical and empirical work on growttgms by taking the quantity of schooling of
workers @) as a direct measure Hf Following the pioneering analysis of Hanushek Kidko

(2000), we focus directly on the cognitive skilengponent of human capital and evaludteith



test-score measures of mathematics, science, amdinge achievement. There are many
advantages of using measures of educational ache&ve(Hanushek and Woessmann, 2012).
Firstly, they capture outputs of schooling by fangson differences in the knowledge and ability
generated by schools. Secondly, since they incilidbe general skills, they do not only rely on

school skills but also skills from other sourcemntilies and general ability). Another important
advantage of using cognitive skills is the abilityassess the importance of different policies
designed to affect the quality aspects of schomlsescognitive skills allow for differences in

performance among students with the same quaritggimoling.

3. Data and methodology

The dataset related to cognitive skills used is g@per builds upon the work of Altinek al.
(2014) and updates the 1960-2007 data to 1960-2B&8d on new data sources and the
alternative method of anchoring, there are sevemabvations in this dataset compared to
previous research. The construction of this datetks from international student achievement
tests (ISATs) as well as regional student achieverntests (RSATS). ISATs include the well-
known TIMSS, PIRLS and PISA tesfsAlong with these international assessments, thrajer
RSATSs conducted in Africa and Latin America, sushLhAECE, SACMEQ or PASEE, which
were never used in previous research on the effembgnitive skills on economic growth. This
help us to extend the available data to a largerobeountries, in particular improving the
representation of developing world. For instanag, wpdated dataset includes 27 countries of
sub-Saharan Africa which were not captured by pueviresearcl. The resulting updated
database in this paper includes comparable cogrstills for 125 countries, as compared to HW
who take into account 77 countries between 19602800 This allows us to test the education

quality and economic growth relationship with a imuextended data set and also address

10 Respectively the Trends in International Matheosatind Science Study (TIMSS), Progress in Intesnati
Reading Literacy Study (PIRLS) and Programme fterimational Student Assessment (PISA).

" Respectively the Latin American Laboratory for &ssment of the Quality of Education (LLECE), thai®ern

and Eastern Africa Consortium for Monitoring Educaal Quality (SACMEQ) and the Program on the Aséyof

Education Systems (PASEC).

12 A description of various existing learning assessts is provided in Appendix A and detailed infotima on each
assessment is provided in Table A.1.

13 It should be noted that the number of countrieduiied inside estimations is always lower thanribmber of
countries for which we have comparable data on itiwgnskills. The main reason is the lack of data aiher

explanatory variables. For instance, whereas HWpdleoh comparable data on cognitive skills for 7ammies, only
50 of them were included in different estimatiolmsour case, whereas we have data for 120 countigsample is
reduced to 80 countries.



heterogeneity in the effects of education qualityeconomic growth. While the dataset of HW
includes data for about 4,7 billion of people, apdated dataset increases this number by about
10%. Most importantly, while the HW study coversward 220 million people from Arab states
and Sub-Saharan Africa, our updated dataset coenpm®re than double this figure
(approximately 500 million people). This larger megentation of the developing countries
permits us to deeply explore potential heteroggnbitpothesis of the relationship between

cognitive skills and economic growth.

The methodology to generate comparable achievestenés across countries used in Altinok
et al. (2014) aims at improving the seminal workBarro and Lee (1996) and Barro (2001), and
consists of a major update of a previous work byndk and Murseli (2007). Hanushek and
Kimko (2000) and Hanushek and Woessmann (2012a)uss a method of anchoring for their
database of cognitive skills across 77 countribe dlternative methodology for creating the data
used in this paper differs from Hanushek and Woassn{2012a) in that it takes into account
several improvements made by ISATs since 1995 aables the inclusion of the main regional
assessments that were absent in previous dat&sstsls of this methodology are provided in
Appendix A.

Ideally, the evaluation of the impact of cognitigkills on economic growth would need
measures of the skills of workers in the labor éotdowever, some of our measures of cognitive
skills based on recent testing (e.g. the testswed after late 2000s) include students who are
still in school. As has been highlighted by HW sthireates a tradeoff: incorporating more recent
testing has the potential advantages of improvessgsnents and observations on a greater
number of countries (especially developing cousjrigut it also weights any country measure

more toward students and less toward workeérs.

4. Basdlineresults

In this section, we report cross-sectional estisafeéhe cognitive skills and economic growth
relationship based on equation (1). Since we usexdended dataset based on a different

methodology to HW, we first replicate results frétw using their own data as well as our

' Two international tests (the International Assessiof Adult Literacy and the Programme for Intéiomal
Assessment of Adult Competencies) have suggeseepdssibility of panel estimation across countiessause they
have tested adults rather than students (see Cbalé&nTremblay, 2006; Hanushek & Woessmann, 2015).

10



dataset confined to the HW sample. We then repsults from our new extended data, which
show to what extent earlier results reported inliteeature hold for a larger set of countries and
with more recent data. In addition, we estimate risationship between cognitive skills and
economic growth for various subsamples of counti®gs using different set of tests to construct
education quality measures. Table 1 presents theliba results. This table is divided into three
parts. The first part (part A) replicates Tablerdrd HW using the same dataset and sample of
countries. In the second part (B) of Table 1, we ogr dataset that expands the years used for
calculation of test scores to 2012 but restrictdample to the countries in HW. This allows us to
check to what extent the expanded time span fortebts in our dataset provides additional
information compared to previous research. ParofQ)able 1 uses our updated dataset with the
extended set of countries and aims to test thestabas of previous estimates to the inclusion of

additional countrie$®

Results from Table 1-A replicate the estimationHW for the 50 countries with cognitive
skills and economic data over the period 1960-20adllowing their methodology, we use
version 6.1 of the Penn World Tables (Hestoral, 2002), while the data on years of schooling
come from Cohen and Soto (206%)The first column of Table 1-A presents estimatés o
simple growth model with school attainment. In econd column, adding cognitive skills
increases the explained variance from 31% to 75%etiAér we include (col. 3) or exclude (col.
2) initial school attainment in 1960, results remainchanged. Results associated with the
coefficient of the “cognitive skills” variable asgnificant and their amplitude are quite similar
to those reported by HW. When we include the measchool attainment between 1960 and
2000 (col. 4), results remain the same, confirnthrgestimates of HW. The remaining columns
of Table 1, Panel A provide alternative specificas. In column 5, we employ regression
techniques that are robust to outliers (excludirgsi#ana and Nigeria). Including regional
dummies reduces the estimated test effect fromtd..2.0 (col. 6). In columns 7 and 8, we
consider economic institutions. We control for msional differences in openness of the

economy and security of property rights in col.nd antroduce fertility rates and location in the

1> Because we need data for both economic growth cagphitive skills between 1960 and 2010, all former
communist countries are eliminated even if theyehtest measures. This explains why our estimatimes chot
include 125 countries.

18 HW explain that they use an extended version @f@bhen and Soto (2007) data. However, they dexitcitly
explain the methodology used. We predict resutisnfthe Barro and Lee (2013) dataset for missingesfrom
Cohen and Soto (2007) data. This may explain stigfgrences in results.

11



tropics as additional controls in col. 8. Althoutfe amplitude of the effect is greatly reduced, it
remains significant in all specifications, confingithe results of HW. In all estimates where the
cognitive skills variable is included, the initigears of schooling have no significant impact on

economic growth.

In Table 1, panel B (1-B), we use the scores fgndove skills based on the new data source
(i.e. the updated version of Altin@k al, 2014) but still restrict the sample of countrieshat of
HW. We also use the same methodology as in Panthius,allowing a comparison of the results
between the two datasets. Across columns (1) tof&anel B, coefficient estimates for our
“cognitive skills” remain significant. The coeffamts are estimated more precisely, as reflected
by higher t-statistics, implying that our data atdeast as predictive as the data used by HW for
the restricted set of countries. The overall effettcognitive skills on economic growth is
however slightly higher in our datasét.

In Table 1, Part C (1-C), we still use our altevetmeasure of cognitive skills, but now
extend our sample from 50 to 84 countries. Moghefnewly included countries are from Sub-
Saharan Africa and Latin America (see Table A.3 dofull list of countries included in our
regressions). In our dataset, similarly to HW, welede five countries which can be considered
as outliers (Botswana, Gabon, Kenya, Luxembourg liadritania)'® The amplitude of the
cognitive skills effect diminishes with the additad countries, but remains significant, even after
we control for openness and property rights (c).and include additional controls such as
fertility rates and tropical location (col. 8). Ather important result relates to the coefficient
associated with our measure of years of schooliigile it was insignificant in both panels B
and C with the sample of 50 countries, in paneh€ magnitude of the coefficient is always
positive and it is significant in some specificasp notably in column 6 where we include region

fixed effects.

7 This can be explained by the fact that we do nduide in our dataset results from IAEP and reghks refer to
the end of secondary schools. The bias includedérAEP survey has been well documented in tieeditire (see
for instance Rotberg, 1990; McLean, 1990; Goldst&¥93). Moreover, since the survival rates toltst grade of
secondary education greatly differ between cousitrie prefer not to include results from TIMSS-Adeed in our
dataset.

8 | uxembourg is known as a country which has econogrowth mainly based on tax-free policies, so the
relationship between cognitive skills and economiiowth can be flawed. The remaining African cowgdrare
excluded since either we only have one observdfitewuritania) or results are contradictory betwesseasments
(Botswana, Kenya, Gabon).

12



Thus, the results of Table 1 show a strong postitbationship between cognitive skills and
economic growth that remains significant acrosgedght specifications in a cross-country
estimation. This confirms the findings of HW in arder sample, including many developing
countries. Secondly, the amplitude of the effecjuge similar to that in HW’s paper, even after
we include more countries in the estimation. Conmgaresults in column 8 in each panel (1-A;
1-B and 1.C) shows to what extent the amplitudethaf effect changes between different
indicators of cognitive skills and different sanmgpla countries. In the HW estimates, an increase
of one standard deviation of cognitive skills imypee growth by about 1.2 percent (column 3).
The effect is approximately similar with our da&stricted to the HW sample of countries (1.3
percent). Including all countries with availablegalahows that the estimated effect (1.5 percent)
is about 25% higher. While one-third of this in@eaan be attributed to the difference between
our updated cognitive skills measures, the remgipgurt is due to the expansion of sample, and
especially the inclusion of developing countriese Tnain finding is that for our full sample and
with our updated cognitive skills measures, a moteone standard deviation of individual
student performance translates into 1.5 percergages difference in annual growth rates, other
things being equal. It is also interesting to meashe level of one standard deviation in terms of
score points. Since one standard deviation is eualO0 points in our scale, this represents
approximately the difference of performance betw&eeece (533 points) and South Korea (628
points). In addition, the difference between Turkayd the remaining OECD countries is

approximately equal to 0.5 standard deviation.

Next, in Appendix Table A.4, we present the estedatognitive-skill coefficients across
different samples of observations. While Panel Arable A.4 reproduces results from HW, in
Panel B we use our dataset in order to check fer stability of estimates with a more
comprehensive set of countries. Results from Tabfe Panel A are similar to estimates from
HW with only slight differences in some ca¥esn Table A.4, Part B, we use our new cognitive-
skill scores. Also in Panel B the time span is edé®l to 1960-2012. With additional 30 countries

and the time span extended to 2012 the coefficemetsn general estimated more precisely.

In the appendix Table A.5, we perform a furtherusthess analysis that considers alternative

aggregation of test scores. Under the assumptistabfe test performance over time, row A uses

19 This may be either due to differences in methogiplosed in some estimations or the fact that uspeondary
schools are excluded from our analysis.
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test scores since 1995 that are thought be a prodachigher standard of sampling and quality
control; row B restricts the tests in this time spa tests using only lower secondary scores. A
drawback of using only the most recent tests isttia assumes the test performance to be quite
stable over time, since we relate test performameasured since 1995 to the economic level data
for 1960-2010. In order to test that higher pastemic growth is not impacting our measured
test performance, we restrict the test-score meassed in row C to all tests until 1995. Our
results remain quite stable and robust, althoughnilhmber of countries with available data is
reduced from 80 to 46 countries. Rows D to F usedeores individually, while row G uses test
scores jointly. While our results are in generahikr to the results of HW, an important
difference arises when mathematics, reading aneheei scores are entered jointly (row G).
While the results of HW shows that math and sciesufficients are significant in our results
only the mathematics score remains significanttzamithe highest point estimate suggesting that

mathematics skills may be the most important $&illeconomic growth.

The above results show a strong positive relatipnsatween cognitive skills and economic
growth using cross-sectional variation. Therefarer, results confirm the results of HW, and
partially the hypothesis highlighted in Pritché0Q1) where one explanation of the controversies
in the lack of significant effect of education aopaomic growth was quality differences between
countries. While the results are robust acrossouarispecifications and subsamples, reverse
causality and endogeneity bias may potentially ihérdy the results. Reverse causality would
arise if higher economic growth enables countrieddvelop better education systems that yield
higher test performance. The presence of othepfadthat are correlated with cognitive skills
such as cultural factors, institutions, and actesstural resources that affect growth will lead t
an endogeneity bias in our estimations. The follmvsection addresses these identification

issues.

5. Endogeneity and measurement error

In this section, we address the potential endofenai cognitive skills using various
identification strategies. First, we provide IV-ZSlestimates for a subset of Vs proposed by
HW for which we could obtain data. Second, we repesults from an IV-GMM estimation

using alternative instruments proposed in the relgenature.
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HW propose to use measures of the institutionatsire of the school systems as instruments
for cognitive skill. Hanushek and Woessmann (2GH)w that these factors are associated with
international educational production. HW (2012apvle supporting evidence that these
institutional features are plausibly exogenoushe growth regressions. While HW provide a
description of the data source for their analys#s,could not obtain all observations concerning
instruments. As a result, we use a subset of timsseiments and the number of observations in
some cases is smaller than that of HW. In Tablee2report results from models that use several
institutional features - external exit exam systeatholic share in 1900, and relative teacher
salary - as instruments in regressihsColumns 1, 3, and 5 of Table 2 report results$ tise
data from HW while columns 2, 4 and 6 use our updiaata.

Accountability has been shown in the literaturebtorelated to better student achievement
(Bishop, 2006), for which the external exit examves as a proxy. The first specification in
Table 2 uses the share of students in a country avbosubject to external exit exams as an
instrument for our measure of cognitive skills lire tgrowth regression. Data for this instrument
are available for 29 countries in Woessmaral. (2009)?* While the measure deals with the
mid-1990s, exam regimes are relatively stable diwee for countries. We include years of
schooling as a second instrument for test sconesg $his variable is not significant in previous
estimations, once tests scores are controlled Toe first stage results confirm a positive
association between external exit exams and cogrskiills, but the coefficient is not significant.
The relevance of the instruments is tested initsedtage regression. As a rule of thumb, the F-
Statistic of a joint test whether all excluded instents are significant should be bigger than 10
in case of a single endogenous regressor (Stodgh?\and Yogo, 2002). Years of schooling are
significantly associated with test scores in thistfstage, and the first-stage F-statistic is highe
than the usual minimum level expected (i.e. 10)the second stage, we find a positive and
statistically significant effect of cognitive sldlon economic growth and the estimated impact is
close to the OLS estimate. In column 2, we repestits from the same specification that uses
our measure of cognitive skills. While results shawpositive and significant effect, the
amplitude of the effect is reduced with our altéireadata for cognitive skills. The first-stage F

value is also low in this case, which may lead weak instrument problem. However, results

2% We also estimated models with other instrumentsrnted by HW. However, data was lacking for a langenber
of countries, so we do not report these resulthérpaper. These results are available on request.
2L We could only obtain data for 29 of the 43 cowstras explained in HW.
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based on the modification of the limited informatimaximum likelihood (LIML) estimator by
Fuller (1977) provide estimates that are very s@imib the 2SLS estimates. Thus, both the 2SLS
and the Fuller estimates confirm that schoolingioetl differences in cognitive skills are

significantly related to economic growth.

The third and fourth columns of Table 2 use teadladaries relative to per-capita income as
an instrument. Following Dolton and Marcenaro-Guée (2011), HW note that this variable
serves as a proxy for the overall quality of thecteng force in a cross-country perspective. For
both column 3, which uses HW data, and column 4 tls®s our data with 10 additional
countries, this instrument cannot predict cogniskéls and the first stage F values and Sargan
statistic reveal a weak instrument problem. Degpiteproblem, both the 2SLS and LIML yields

positive and significant coefficient estimates dognitive skills.

The next specification uses the share of Cathati@ country's population in 1900, which is
shown to be associated with the share of privabplgrated schools in current school systems
(West and Woessmann, 2010), as an instrument dolest achievement. The validity of this
instrument stems from the positive association abfosl choice with student achievement in
OECD countries (see the review in Woessmahral, 2009). The results of the first stage
specification that includes the Catholic share37@ as a control indicate a positive correlation
between cognitive skills and historical Catholiasds. The second stage results in column 5 that
includes 50 countries used in the estimation of BWgw a positive and significant impact of
cognitive skills on growth, with very similar poiestimates to HW. Columns 6 reports results
using the extended dataset that involves 80 camtrThe extended sample leads to a
significantly higher first-stage F-statistic, indtg1g that the instrument has a higher predictive
power in this sample. Compared to column 5, whike tagnitude of the estimated coefficient
for cognitive skills is lower, these results alsmfirm the positive effect of cognitive skills on

growth.

Instruments used in Table 2 are available onlyaféimited number of developing countries.
Several papers use an alternative set of instrisrgsiamet al, 2014; Adams and Lim, 2014)
that allow IV estimation involving a larger setagduntries. In addition to using an alternative set
of instruments, we also use GMM estimation instefidtandard 2SLS. A key advantage of the

2 The Sargan test does not reject the overidentjfgéstrictions of the model.
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IV-GMM estimator over the IV-2SLS approach is titae former is more efficient in the
presence of heteroscedasticity. IV-GMM is also preferred method because under the strict
assumption of no heteroscedasticity, the IV-GMMsymptotically no worse than the 1V-2SLS

estimator (Baum, Schaffer, and Stillman, 2003).

The first set of alternative instruments are (Iability-adjusted life years lost per 100,000
population (DALY) due to communicable, maternal,ripgtal, and nutritional diseases
(excluding DALY due to noncommunicable diseasefsaagcancer, cardiovascular diseases, and
injuries which are unlikely to influence school fsemance) and (2) estimated death rates due to
communicable, maternal, perinatal, and nutritiodedeases per 100,000 population (EDR).
Islamet al. (2014) argue that because infectious and parabgeases impair the ability to learn,
reduce students' attention and concentration ircldesroom, and increase student and teaching
absenteeism, DALY serve as a good instrument fergimality of learning. DALY are also not
likely to be influenced by growth because they @@@nly driven by pathogen stress, which is
determined by ecology (Guerniet al, 2004). For the same reasons underlying DALY, EDR
serves as the second instrument. While these tatouments have a large overlap, Islatral.
(2014) explain the advantages of each one overother and uses them separately in their

analysis.

Estimation results using these new instrumentpegsented in Table 3. While in previous IV
estimations, only 50 countries were included, odersive sample now includes 78 countries, an
increase of 60% in the number of countries. Wet finslude DALY as the only instrument
(column 1). Results from the first stage indicateeapected (negative) and significant relation
with cognitive skills. The F-statistic at 47 is hag than the threshold of 10 and much higher than
the F-statistics reported in Table 3. Columns 5 tose as instruments either only EDR, only
DALY, or both, and introduce initial years of scliag as an additional control. All of the
resulting estimates suggest a positive impact ghitive skills on growth where the magnitude
of estimated coefficients is remarkably robust asrepecifications and also quite close to the
estimate reported by column 6 of Table 2, whichsube extensive set of countries. The Fuller

modification has been made for all estimates ares desult in quite similar coefficient estimates,
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showing that this instrument is quite useful in tleegnitive skills-economic growth

relationshi®. The Sargan statistic also does not reject thedeumtification test.

Columns 6 and 7 distinguish between OECD and no@f@Eountries to assess whether the
effect of cognitive skills on economic growth dife between developed and developing
economies. While cognitive skills have a significand positive effect on economic growth, the
effect is found to be larger for non-OECD countriége explore the distinction of economic

level of countries in more detail in Table 5.

Adams and Lim (2014) argue that the potential ¢ftdggovernment effectiveness on the per
capita income of countries is likely to be driverainty through its mediating effect on the
delivery of education. Given the fact that polictbst can be more directly associated with
government effectiveness tend to be insignificanstandard cross-country growth regressions,
and the absence of a robust relationship betwedticpaducation expenditures and growth
(Levine and Renelt, 1992; Sala-i-Marghal.,2004), the quality of public financial management
is unlikely to have a direct effect on economicwgitt As a result, the measure of government
effectiveness can be considered as a valid instmufoe our cognitive skills measure. We use the
"Worldwide Governance Indicators" as our governmefféctiveness measure, which captures
perceptions regarding the quality of public sersicend the quality of the civil service
(Kaufmann, Kraay & Mastruzzi, 2011) and serves gsray for the quality of educational
service delivery. Using the years in which this mwa is available (1998, 2000, and annually
from 2002 to 2006) we compute a mean score of gowent effectiveness for the 1988-2006
period. Column 8 uses government effectivenessihdY as instruments and find that both
variables are correlated with cognitive skills e first stage. The coefficient estimate associated
with our cognitive skills variable in the seconége# remains quite stable, compared to the
estimation where DALY was included as an instrun{sat col. 1). However, the Sargan statistic
rejects the overidentification test, suggesting tha instruments are no longer valid. Therefore,
we only include years of schooling and governmdfecgveness as instruments (column 9).
These two instruments satisfy Sargan test and waroh coefficient estimate for cognitive skills

that is positive and significant which is quite Banin magnitude to other estimates in Table 4.

23 Fuller's modification of the LIML estimator is mom®bust than 2SLS in the presence of weak instrtgnen
Moreover, this modification provides better perfamoe in the simulations tahn et al. (2004)We set the user-
specified constar(Fuller 1977'salpha) to a value of one, but our results areliaffiected if we set alpha to four.
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A global comparison between different estimatesnfrbable 1 to Table 3 shows that IV
estimate is higher than OLS estimate. In particuldrile a move of one standard deviation of
individual student performance translates into defcentage points difference in annual growth
rates in OLS estimates (Table 1, column 3), thiscefturns out to be higher by about 25% with
IV estimates (Table 3). The downward bias obsemedLS estimates may be stemming from
measurement issues, especially for low income cmsnivhich took part to student assessments
tests like PASEC or SACMEQ. In these assessmdmanethodology of scaling is less precise
than in international student achievement teste IRISA or TIMSS. Another possible
explanation relates with bias occurring when wehancegional student achievement tests with
international student achievement tests. Since,itdmas in each assessments are not exactly
similar, it may be possible that the anchoring radtiogy used in Altinoket al. (2014)
underestimates the performance of pupils who ppatiied in these regional assessments
(PASEC, SACMEQ, LLECE). It is clear however thagr are limits to use IV specifications,
especially for cross-country regressions and fiimaed number of countries. In the meantime,
since coefficients are positive and significanh@arly all estimations regardless to the estimation
technique used, we can reasonably think that tleetedf cognitive skills on economic growth is

quite robust.

6. Heterogeneity in the Impact of Cognitive Skills on Economic Growth

Countries place a high priority to investments gueation and skills as a key driver of
economic growth. The gains from these investmehtsyever, depend on the interactions
between skills, technology, and physical capital. &ample, investments in skills may result in
larger productivity gains in countries where skilipply is scarce compared to countries where
skill supply is relatively abundant. Although thenee many studies that assess the mean effect of
cognitive skills on growth across countries, thees been little research in the literature that
addresses the heterogeneity of this relationship. rdébustness tests in our analysis in Table A.4
showed that the division of the sample into OECRI aon-OECD countries revealed a
somewhat higher impact of cognitive skills on eaoim growth for non-OECD countries. A

similar result is reported by HW when these twe sdétcountries are compared. Castello-Ciment
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and Hidalgo-Cabrillana (2012) also provide evidentalifferences in the effect of education
quality on economic growth across the quality disttion

A second important issue regarding the heterogeneffacts of skills is which types of skills
matter most for economic growth. Acemoglu and 4ittb(2001) shows that a mismatch between
supply of skills and the adopted technology lead$ow productivity while Hanushek (2013)
provides evidence that the impact of high perfosrar growth differs between OECD and non-
OECD countries. Potential differences in the impaictifferent types of skills on growth has
important policy implications since the countriésittaim to improve cognitive skills face the
choice of targeting improvements across the whagilution or placing more emphasis on a
specific part of the distribution, such as the &otor the top.

In this section, we aim to extend the existingrature in a number of ways. We first provide
further evidence of the heterogeneity of the retathip between cognitive skills and growth,
presenting results for various subsamples. Secomityconduct an analysis that tests whether
the effect of minimum and advanced level of cogritskills differ between countries. Our third
contribution is related to the estimation methodgloThe previous literature that considers the
heterogeneity of the relationship between cognigiiéls and growth do not address endogeneity
of cognitive skills. Using a larger sample of caied, we also address the endogeneity issue
through a number of alternative instruments. Owl\ais yields a rich set of results that indicate
significant differences in the impact of cognitigkills on growth and to sheds further light on
growth experiences of countries. Also, using alsimgigta set that involves a consistently defined
human capital measure and applying the same mdtgdfor estimation provides comparable
results across subsamples. This overcomes theenballof synthesizing results over different
studies that use different methodologies and measaf human capital in different country
contexts and the resulting uncertainty in the policena as to the most effective type of

education or skills for growth

6.1. Distinction of different subsamples

In this section, we provide estimates of the effewft cognitive skills on economic growth
across different subsamples. We divide the samputie several parts and provide estimates

separately by (i) income level of countries, (o)al factor productivity, and (iii) regions. Higher

20



income countries employ a higher level of capitatk and enjoy higher total factor productivity.
Hence, the role of skills in growth for these coig®t may differ from those of low income
countries. There are also marked differences byggehy in the growth experiences of
countries. The role skills play in these growth ergnces has received little attention. For
example, our analysis provides results for Arabntoes and Sub-Saharan African countries, the

continent that could not often be studied separdiglprevious studies due to data constraints.

The results are presented in Table 4 which is divithto 2 panels. The first panel reports
results from OLS regressions (panel A) whereassdwond panel (panel B) report results from
the IV-GMM estimation. In order to test whether gesults are driven by the use of specific
instruments, we use different combinations of unsients presented by rows B1 through B6. In
all of the IV-GMM estimates initial years of schog is used as an instrument in combination
with one or two other instrumental variabf$n Panel B1, we use the government effectiveness
as an instrument that proved to be a valid instninfiar the whole sample in Table 4. In Panel
B2, we use initial school drop-out rate for primagucation as an instrument. Since pupils may
leave schools because they do not receive a higidatd of education, school drop-out rate for
primary school may serve as a good instrument flucation quality or cognitive skills.
Hanushelet al. (2008), for example, show in a developing coustgtext that a student is much
less likely to remain in school if attending a lopvality school rather than a high-quality school.
However, since growth rate of the economy could atgpact on drop-out rate, in order to satisfy
the exclusion restriction, we use tlwitial level of school dropout as an instrunféntA
combination of government effectiveness, initidieal drop-out, and initial years of schooling is
used as our instruments in panel B3. Primarily usgdslamet al. (2014), DALY was highly
correlated with our cognitive skills variable inetliirst stage results of the IV estimation (see
column 3 of Table 3) and it is included as an unsient in panels B4 and B5. Final specification
uses the overall level of income inequality (meadwiith Gini index) as an instrument. A recent
study shows a positive correlation between incameguality and inequality of education (Inter-
American Bank, 1999) while Krueger (2012) and Cof2B13) show that countries with more

4 Previous sections provided evidence for the viglidf initial years of schooling as an instrumemthe cognitive
skills growth relationship. Nevertheless, we hal@o ecarried out estimations that does not usealnitears of
education as an instrument and obtained resultsatieavery similar to those presented in Table 6e Do space
considerations these results are not presented.

% Since data availability differs greatly betweenunwies, the year of the initial value of drop-eate in primary
education varies between countries. However, fostroountries, the initial year is 1970.
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inequality as measured by Gini coefficients haws iatergenerational mobility. Overall level of
inequality may thus capture disparities along tiheome distribution in access to education and
its quality, hence lead to reductions in cognitpkdls. Cingano (2014) provides support for this
channel. The study finds that the main mechanisoutifh which inequality affects growth is by
undermining education opportunities for childreronfr poor socio-economic backgrounds,
lowering social mobility and hampering skills deygment. While we hypothesize an effect of
inequality on growth only through its effect on odgye skills, inequalities in education and
income and growth may be jointly determined. Ineortb avoid reverse causality, we use the

initial level of the Gini coefficient for each countryasinstrumerif.

In this section, in order to obtain comparable &fen terms of standard deviations, we also
standardize the cognitive skills variable in eacib-sample (with a mean equal to 0 and a
standard deviation equal to 1). This allows usitealy compare the effect of cognitive skills
expressed in terms of standard deviations betweaeh sub-sample. Given the large set of
results, we only report the coefficient estimatehef cognitive scores variable, the first-stage F-
statistic, and the number of countries includeceath subsample in brackets, but do not to

present the first stage results.

In column 1 of Table 4, in the first two rows, weproduce results from Tables 1 and 3 where
our cognitive skills variable has a positive anghfficant impact on economic growth, whether
we consider the OLS or the IV estimations. In r@&to B6 of the first column IV estimation
using different sets of instruments provide coéfit estimates that range between 1.7 and 2.1
and are all larger than the OLS estimate. Accordinghe OLS estimation an increase of one
standard deviation in cognitive skills producesirarease in annual economic growth of about
1.5 percentage points. By using the IV estimatexhbique, the overall effect of cognitive skills
is increased by about 25% (1.9%). As explained iad8&n (2014) regarding educational
achievement, one reason for the increased effegtbmdhe downward bias due to measurement

error.

The results in columns 2 to 8 that distinguish lestv the economic levels of countries
provide important insights. Comparing columns 2 8mnghows that while the effect of cognitive

skills is positive and significant for both low ahigh income countries, both the OLS and IV

%6 Similarly to drop-out rate, the initial level ofi coefficient differs between countries. Due #talconstraints, the
initial year is often around 1980.
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results indicate that its amplitude is about 60%hbr for the low-income countries. This
emphasizes that the promotion of education polithes focus on the quality of education has
especially large payoffs in least developed regidieese results are in contrast with Castell6-
Ciment et al. (2012) that reports no effect of edion quality on economic growth in countries
at the bottom end of the quality distribution butpasitive effect in countries with higher
education quality. However, our results are in Wméh the results of HW that report a higher
impact of cognitive skills for OECD countries. lountries with low levels of education quality,
improvements in quality may lead to substantial rowements in productivity of workers.
Higher estimated effects of quality on growth invlancome countries may be due these

productivity gains.

Estimation results by geographical region are preskin columns 4 to 6. IV estimates for
each region shows a positive and significant impdctognitive skills on economic growth.
Compared to other regions, we find much largerceié cognitive skills on economic growth for
the Asian countries. It is possible that the epdyiod growth explosion of East Asia is mainly
due to high level of cognitive skills in this regioccompared to other regions like Latin America
(Hanushek & Woessmann, 2016). The lowest coefficestimates, on the other hand, are
obtained for Latin America. As we focus on regiowgh much smaller sample sizes, some of
the F statistics are now lower than 10. Only in thse of Latin America, however, they are
systematically below this threshold. Hence, we dbhave a strong support for a positive effect

of cognitive skills on growth for this region.

Besides the standard distinction of economic leeélsountries and geographical locations,
we also divided the sample into two parts, in fhieitsof Nelson and Phelps (1966). It is possible
that countries which are far from the technolognfrer, i.e. with a low total factor productivity
in 1960, will benefit more from higher cognitiveilik levels than others countries. To test this
possibility, we separate the sample by distingaighHow initial total factor productivity (TFP)
countries and high initial TFP countries, using thedian level of TFP in 1960 (columns 7 and
8). Results confirm that countries which are fanirtheir technology frontier benefit more from
cognitive skills than other countries. Comparintpoms 7 and 8, the effect of cognitive skills is

doubled for these countries in the standard OL8nesibn. When we correct for possible
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endogeneity, measurement error and omitted varibiale by using the IV GMM estimation
technique, the difference between the two groupsombes even larger. Another important
finding is that the extent of bias between OLS Bh@stimates is the largest for Arab States and
Sub-Saharan Africa. This may be due to lower quatit assessment for this regidhln
conclusion, our cognitive skills variable is qustable and in most subsamples has a positive and
significant impact on economic growth. We find thia magnitude of the effect is higher for the
low-income countries and across regions investindpé quality of education appears to be most
rewarding for Arab States and Sub-Saharan Africamtries.

6.2. The ingredients of growth: innovators andvoitators?

In Tables 1 to 4, our updated cognitive skills aadors were included as mean scores, without
any focus on the within country distribution of oagre skills. However, it is important to
question whether the top-performers or the sharpugils reaching a minimum level has the
highest impact on economic growth. Our updatedsgatprovides the possibility of asking the
question of how to allocate education resourcewdrt the lowest and the highest achievers.
There are two main views regarding the channelutgfinovhich education enhances growth. The
first view argues for investing in the top perfors\@vho would boost innovation (Nelson and
Phelps, 1966; Aghion and Howitt, 1998; Vandenbussdghion, and Meghir, 2006; Galor,
2011) while the alternative view argues for a megalitarian school system to ensure well-
educated masses (Mankiw, Romer & Weil, 1992). Aghand Cohen (2004) distinguish
economies of imitation from economies of innovati®he first group of economies must invest
primarily in the school levels supporting the irtida and implementation of new techniques,
that is to say, primary and secondary educations ghoup includes countries with low and
middle incomes. In order to encourage economic trpthe second group of countries must
contribute to technological innovation and havehatr disposal a large mass of skilled labor.
This justifies a major investment in higher edumatisupporting economic growth. The
developed countries belong to this second grougamnomies. These alternative views are

reflected in different policy goals such as the ddpla Process that aims at developing high

27 Contrary to other assessments where modern psythiormrocedures were included, the PASEC assesdmén
no Rasch scaling of scores which may reduce suguality and explain why the estimated IV coeffidignhigher
than the one found with OLS technique. See Wag2@t k).
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quality standards in the education sectors for ge@o countries and “Education 2030” objective
that aims to provide the majority of pupils withn@nimum level in both mathematics and
reading (UNESCO, 2015).

Altinok et al. (2014) distinguishes between “advanced level stisgieand “minimum level
students” that allows us to test the effects okiathg minimum skill levels and reaching
advanced level skills on economic growth. In thidadet, the minimum level threshold is 400
test-score points in the adjusted internationdkesaghile the advanced level threshold is defined
as 600 points. The minimum level can be benchmatkedvel 1 of PISA assessment where
students can answer questions involving familianteets where all relevant information is
present and the questions are clearly defined (QEZIR3). These students may be able to
perform mathematical tasks quickly, such as readismgle value from a well-labeled table. The
international median of this share of students3%,/ranging from Malawi with 20% to Korea
and Chinese Taipei with 95%. The “advanced leveli, the other hand, is approximately
anchored to level 5 of the PISA scale, where stisdean develop and work with models for
complex situations, identifying constraints andcsfyeng assumptions (OECD, 2013). They can
select, compare, and evaluate appropriate probtdwng strategies for working with complex
problems related to these models. The internatio@glian of this share of students is 11% in our
sample, ranging from less than 0.7% (El Salvadn3% (Korea).

The correlation rate between the share of pup#shieg advanced and minimum levels is not
perfect, although it is still quite high (r = 0.82hdicating that these differences are not fully
comparable to a standard deviation. However, theelation between the mean score of
cognitive skills and the share of pupils reaching minimum level is higher (r = 0.96) than its
correlation with the advanced level (r = 0.87).Uf&@2 presents the possible relationship between
the shares of pupils reaching each level, suggeshe existence of an inverted U-shaped
relationship. It is indeed possible to achieve treddy high median performance, both with a
relatively equitable spread (Korea, Finland) andredatively unequal spread (Belgium,
Switzerland). The same is true for the developiagntries with low average performance, as
shown by the contrast between Mauritius’ higheguradity and Thailand’s much greater equality
between low and high achievers (Figure 2).
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In Table 5, we present the estimation results ler relationship between the share of pupil
reaching the advanced level (“Advanced Level”)r@ minimum level (“Minimum Level”). Both
distributional measures of cognitive skills arendigantly related to economic growth, when
entered either individually or jointly (columns }-From the estimates in column 3 with the OLS
technique, a 10 percentage point increase in theesif students reaching the minimum level is
associated with 0.4 percentage points higher argroalth, while a ten percentage point increase
in the share of advanced level students is associaith 0.2 percentage points higher annual
growth. Compared to results of HW, while the magphét of the coefficient estimate for the
minimum level is quite similar, the effect of topsfforming students is lower in our larger
sample. Note, however, that it may be less diffitnlincrease the minimum share than to boost
the advanced share, as suggested by the fachthatandard deviation of the minimum share is
almost twice that of the advanced share acrosstigesir(0.26 against 0.17), hence it may be
more appropriate to provide a comparison in terfirgandard deviations. Expressed in standard
deviations, increasing each share by roughly hafaadard deviation (8 percentage points for
“advanced level” performing share and 13 percentamats for “minimum level” performing

share) yields a quite similar growth effect of rblyg0.3 percentage points

The inclusion of measures of economic institutidiestility, and tropical geography do not
change the overall effect of basic performers (Twlb), but results for advanced performers in
columns 4 and 6 show that only the share of bamifopners remains significant, suggesting that
a significant part of the effect of advanced perfers comes from improved institutiofsSome
other potential differences between regions may ekplain why the advanced performers do not
have a positive effect on economic growth. Wheninetude regions fixed effects (column 7),
we find a positive effect of advanced performerslugins 8 and 9 split the sample into two
groups based on the economic level of countriess@&hesults show that the effect of the basic

literacy share or the top-performers share apgedre stronger for developing countries.

%8 Since the number of countries decrease from 8Btwhen we include institutional controls, it mag jpossible
that the coefficient is no longer significant doetthe lower number of countries. In order to testthis possibility,
we ran the estimation without these controls wihtnicted sample of countries (68 countries). Témults (not
shown) confirm that the share of pupils reachiregablvanced level has a positive and significarcetn economic
growth. We also tried the same exercise for regrasswith both the share of pupils reaching theimim and
advanced level. Only the coefficient associatedh Wit former remain positive and significant, whhe latter loses
its significance.
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Above results may suffer from endogeneity bias. &ample, a country with high economic
growth may be more able than others to invest gh lgjuality universities and boost the share of
pupils reaching the advanced level. Higher econognawth, on the other hand, may permit
developing countries to invest in primary and seleoy schools, allowing more pupils to
improve their cognitive skills. In previous resdgrevhile HW present OLS estimates for the
effect of basic and advanced performers on econgrowth, their analysis do not address
endogeneity issues. In the next section, we addessendogeneity issue and also explore the
effects of basic and advanced performers in greeth by using different subsamples. In Table
6, we conduct an analysis similar to Table 4 fothbadvanced and basic performers. While in
panel A standard OLS estimations are presentedel Famprovides IV-GMM estimates that
correct for measurement error and endogeneitylllastimations, the both the top performers
share and the basic literacy share are includederGihese two endogenous variables, in V-
GMM estimations, we need at least two instrumeatsdentification. To test robustness of our
results, we provide four separate IV-GMM estimatepanels B1-B4 where each panel uses a
different set of instruments. Governance effectegsn(GE) and DALY, which are powerful
predictors for cognitive skills, are common instents across these panels. In addition to these
instruments, panel B1 uses initial years of edoocatpanel B2 uses initial years of education and
drop out of primary education, panel B3 uses saiviate to the last grade of primary education,
panel B4 uses initial years of schooling and ihleael of Gini index as instruments. Controlling
for endogeneity, IV GMM estimates for the whole gé&n(column 1) provide quite stable
coefficients for both advanced and minimum levalligating a positive and significant effect of
basic performers but an insignificant effect fovagced performers.

Above results for the overall sample may be hidmeterogeneity in the impact of skills on
growth. The basic performers may be essential coeoof growth in developing countries as
imitators while advanced performers may be crudal innovation that spurs growth in
developed countries. In order to test this hypaotheountries are separated according to their
economic level in columns 2 and 3. In all estimagidor high income countries in column 2,
regardless of the estimation technique or theuns&nts used, results indicate that an advanced
level of cognitive skills is an important factor e€onomic growth for high-income countries.
The coefficient estimate for minimum performerswiwer, is marginally significant only in two

of four IV panels and the magnitude of the coefintiis much lower than that for advanced
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performers. For low income countries in column % get the opposite result that minimum
performers enhance growth more than advanced pagfsr This suggests that developing
countries which focused on the provision of masscation rather than providing subsidies for

elites grew faster than other developing countries.

Since our dataset includes a significant numbededfeloping countries, we provide more
detailed analysis by distinguishing between thesgions (Arab states and Sub-Saharan Africa
(SSA); Asia; and Latin America). The results aresgnted in columns 4 to 6. While the share of
students with a minimum level of cognitive skillave the greatest impact on economic growth
in Arab states and SSA, we find the exact opposffect for Latin American countries,
confirming the previous results of Hanushek & Waoessn (2012b). In Arab states and SSA
countries, in all estimations, the share of topfqrerers has a negative effect on economic
growth. This result should be viewed with cautibecause the share of top performers in most
countries of this region is very low. The resutts fatin America should be treated with caution
too since in most estimations, we face a weak ungnt problem. In panel B4, where the
instruments appear to be valid, the positive efeddhe share of top performers is positive and
significant. Another important result concerns Aseountries. While in the OLS estimation,
both measures of cognitive skills have a positiveé significant effect on economic growth, only
the share of pupils reaching the basic level seenpositively enhance economic growth. The
main reason for the lack of significance of therehaf top performers in IV estimates is the
potential reverse causality: countries with higeeonomic growth may be investing more on the
education of pupils with high skills. Although rétsuare not robust in all sub-samples, they
provide some interesting information about the inguece of investing not only for the whole
population, but also for specific sub-populatiomdich differ between the economic level of
countries. These results should however be alteda@s a panel dataset in order to test to what
extentin increaseof the share of advanced (minimum) level studentsances economic growth.

8. Conclusion

Among all the explanations for economic growth, t¢imet is generally accepted concerns the
level of human capital. The seeming obviousnessthef idea, however, has met with

inconsistencies in the existing literature. The magbust macro-economic analyses reveal

28



contradictions in the relationship between educatiad growth. Pritchett (2001) showed that
very often the impact of education on growth isateg and significant. However, the majority
of these studies have ignored the qualitative dsmenof human capital, recognizing only the

purely quantitative indicators.

The use of national or international achievemeststén mathematics and sciences fills this
gap in qualitative measurement. Hanushek and Ki(2k00), Barro (2001) and Hanushek and
Woessmann (2012a) used qualitative variables, haditndt exploit all of the international
assessments or all the countries surveyed (respbc86, 43 and 50 countries included in their
samples). In this research study, we used an updidtaset on cognitive skills for a larger
number of countries. Consequently, our sample dedumore developing countries than the

previous studies and the timespan is larger sireaalude the most recent assessments.

The estimate of the relationship between educat@hgrowth reveals the positive role played
by cognitive skills: when thgualitative dimension of education is taken into account, ind f
positive and significant effects of cognitive skillon economic growth. Whatever the
specifications selected (with or without variablescontrol), the effect of cognitive skills is

always positive and significant on the growth rait¢he economy.

An important problem had to be addressed: as eciengnowth also plays a part in explaining
the quality of education systems, it is necessampake use of a simultaneous equations model.
By using an instrument variable estimation techejqthe effect of education on growth is
maintained. Education thus has a direct and caffadt on the growth rate of an economy. The
amplitude of the effect varies slightly betweenireations. However, it can be agreed that an
increase of one standard deviation of cognitivéissknay increase economic growth by about 1
percentage point, which is approximately the sarsethee result found in Hanushek and
Woessmann (2012a).

The main advantage of using a larger dataset ibaptg the possibility of distinguishing
between different subsamples. We look for potemlifiérences in the amplitude of the effect of
cognitive skills on economic growth between higbeime and low-income countries, but also
between different regions. While the overall effe€tcognitive skills is higher for developing

countries, it remains positive and significant Ihsabsamples. The highest amplitude is found
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for Sub-Saharan African countries, where an in@eafsone standard deviation of cognitive
skills improves economic growth by about 2.5 petage points.

Besides the standard mean value of cognitive skifle distribution of education quality
within each country may also be a potential facfoeconomic growth. Instead of simply relying
on standard deviations of cognitive skills and @roit growth, our study includes the share of
pupils reaching the minimum level or the advaneacell in mathematics/sciences as potential
factors explaining the economic growth of countri@oth measures have a positive and
significant effect on economic growth, although #feare of minimum performers tends to be
more robust in subsamples. Another important figdiglates to the fact that it is the share of top
performers which leads to more economic growthaxetbped countries, whereas the share of
pupils reaching the minimum level appears to beiatun countries from Arab states and Sub-
Saharan African countries. The possibility of digtiishing countries according to their
economic level or the region in which they are uileld is therefore an important improvement

which needs to be continued in future research.
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Figuresand Tables

Figure 1. Relationship between economic growth and test scaneund the World.
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Table 1. Standard estimates of the effect of cognitivelskih economic growth

@) ) 3 (4Y” 6" (6)" U (8)" O
(A) Data from Hanushek and Woessmann (2012a), safrpph Hanushek and Woessmann (2012a)
Cognitive skills 1.238 1.199 1.224 1.102 1.006 58.8 0.594 1.191
(8.62) (7.38) (6.88) (8.13) (3.33) (5.02) (5.18) (6.04)
Years of schooling 1960 0.408 0.050 0.014 0.064 07@. -0.003 -0.014 -0.067
(4.42) (0.79) (0.18) (0.76) (0.79) (0.04) (0.23) (0.89)
GDP pc 1960 -0.399 -0.294 -0.321 -0.300 -0.317 0.2 -0.334 -0.315 -0.975
(4.85) (9.21) (8.49) (7.48) (5.74) (5.10) (7.18) 6.80) (4.38)
(B) Data from updated Altinok et al. (2014), Sanfpten Hanushek and Woessmann (2012a)
Cognitive skills 1.312 1.316 1.383 1.382 1.185 23.0 0.669 1.360
(8.86) (7.24) (6.84) (11.13) (4.44) (4.57) (3.56) (6.44)
Years of schooling 1960 0.408 -0.004 -0.062 -0.045 0.006 -0.038 -0.018 -0.079
(4.41) (0.06) (0.76) (0.69) (0.07) (0.52) (0.27) (1.11)
GDP pc 1960 -0.399 -0.319 -0.317 -0.294 -0.301 4.2 -0.327 -0.314 -1.171
(4.85) (9.41) (8.18) (7.30) (6.29) (4.19) (6.73) 6.40) (6.50)
(C) Data from updated Altinok et al. (2014), Sanfpben updated Altinok et al. (2014)
Cognitive skills 1.629 1.510 1.382 1.587 1.101 31.5 0.720 1.610
(13.14) (10.50) (8.36) (10.40) (3.96) (5.66) Q.7 (9.92)
Years of schooling 1960 0.465 0.115 0.168 0.099 149. 0.055 0.003 0.036
(4.90) (1.83) (2.51) (1.29) (2.28) (0.83) (0.06) (0.54)
GDP pc 1960 -0.220 -0.270 -0.310 -0.315 -0.294 10.3 -0.281 -0.308 -1.073
(3.82) (9.43) (8.21) (8.63) (7.29) (7.18) (6.37) 6.84) (7.41)
(A) Observations 50 50 50 50 52 50 47 45 50
(B) Observations 50 50 50 50 52 50 a7 45 50
(C) Observations 84 84 80 80 85 80 68 68 80
(A) R-squared (ad].) 0.313 0.753 0.756 0.754 0.778 0.800 0.803 0.667
(B) R-squared (adj.) 0.313 0.792 0.792 0.794 0.823 0.820 0.791 0.760
(C) R-squared (adj.) 0.232 0.719 0.729 0.739 0.756 0.714 0.750 0.670

Notes: Dependent variable: average annual groviéhinaGDP per capita, 1960-2000 for sample fromu$aek and Woessmann (HW) (2012a), 1960-2010 foplsam
from updated Altinok et al. (2014). Regressiondude a constant. Test scores are average of mdtecence, primary through end of secondary sciooHW data) or
through lower-secondary school (for Altinok etddta), all years. Absolute t-statistics in pareséise

@Mean years of schooling refers to the average het®60 and 2000 (HW data), 2010 (ADM data).

®Robust regression including the two outliers of®atna and Nigeria (with rreg robust estimation enpénted in Stata).

© Specification includes dummies for the eight waedions taken in HW.

@ specification includes additional controls for opess and property rights

®gpecification includes additional controls for opess, property rights, fertility, and tropical Itca.

OGDP per capita 1960 measured in logs
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Table 2. From schooling institutions to education qualiiyetonomic growth: instrumental variables estim@t®4’'s instruments)

(1) @ (2) (@ (3)(3J (4) (®) (5) (©) (6) ®)
Second stage
2SLS
Cognitive skills 1.155 1.467 1.137 1.860 BA47 1.917
(7.47) (3.77) (5.68) (4.95) (7.71) (8.74)
Catholic share in 1970 0.061 -0.289
(0.21) (1.28)
Fuller(1) modification of LIML 1.155 1.452 1.221 gul 1.485 1.907
Cognitive skills (7.66) (4.04) (3.66) (5.20) (7.45) (8.91)
First stage (dependent variable: Cognitive skills)
External exit exam system 0.225 0.103
(1.28) (0.60)
Initial years of schooling 0.359 0.143 0.282 w1 0.317 0.244
(5.82) (2.99) (3.53) (2.84) (4.38) (5.23)
Catholic share in 1900 2.666 2.160
(2.33) (3.37)
Relative teacher salary -0.002 -0.002
(1.14) (0.90)
Catholic share in 1970 -3.408 -2.350
(1.63) (3.26)
No. of countries 29 30 37 47 50 80
Centered R2 0.720 0.770 0.439 0.677 0.731 0.701
First-stage F-statistic 17.00 5.70 6.60 4.58 9.61 1.8@
Sargan statistic 0.030 0.179 1.111 0.941 1.540 0.017
p-value (0.864) (0.673) (0.292) (0.332) (0.215) (0.900)
Durbin-Wu-Haussman X2 test 0.022 0.272 0.253 1.448 2.499 5.329
p-value (0.883) (0.602) (0.615) (0.229) (0.114) (0.021)
Cognitive skills measure
Hanushek and Woessmann data Yes No Yes No Yes No
Altinok et al. data No Yes No Yes No Yes

Notes: Dependent variable (of the second stageyage annual growth rate in GDP per capita, 19@B-2Control variables: Initial per capita and astant. Test score are

average of math and science, primary through secgrsthool, all years. t-statistics in parenthesdsss otherwise noted.
(a) Data regarding cognitive skills is from Hanushad Woessmann (2012a) dataset.

(b) Data regarding cognitive skills is from updagdtinok et al. (2014) dataset.
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Table 3. From schooling institutions to education qualdyeconomic growth: instrumental variables estimgpart 2)

1) (2) 3) (4) (5) (6Y" n® (8) 9)
Second stage
GMM
Cognitive skills 1.913 1.898 2.012 1.986 B93 1.866 2.203 1.897 1.875
(9.74) (9.09) (5.47) (5.06) (11.03) (5.82) (11.25) (11.02) (10.45)
Fuller(1) modification of LIML 1.905 1.889 2.090 w1 1.927 1.886 2.165 1.900 1.864
Cognitive skills (9.87) (9.24) (5.60) (5.19) (11.08) (5.99) (20.97) (11.06) (10.51)
First stage (dependent variable:
Cognitive skills)
DALY -0.323 -1.556 -1.408 -0.272 -3.089 -0.238 237
(6.27) (5.14) (4.48) (6.19) (3.24) (5.11) (5.09)
Initial years of schooling 0.046 0.146 0.003 .1 0.146
(1.32) (3.60) (0.09) (3.13) (3.37)
Early Death Rates (EDR) -10.173 42.883 38.290
(5.56) (4.24) (3.62)
Governance effectiveness 0.514 0.637
(5.69) (7.30)
No. of countries 78 78 78 78 78 27 51 77 79
Centered R2 0.668 0.670 0.523 0.524 0.664 0.759 160.6 0.676 0.708
First-stage F-statistic 47.00 30.91 39.43 37.47 585. 5.31 26.41 50.71 42.62
Sargan statistic 1.764 1.932 0.078 0.428 0.433  0390. 0.219
p-value (0.184) (0.165) (0.780) (0.513) (0.510) 0.852) (0.640)
Durbin-Wu-Haussman X2 test 3.900 2.960 0.666 0.497 7.089 0.580 7.139 5.878 3.567
p-value (0.048) (0.085) (0.414) (0.481) (0.008) 440) (0.008) (0.015) (0.058)

Notes: Dependent variable (of the second stageyrage annual growth rate in GDP per capita, 198@-2Control variables: Initial per capita and astant. Test score are
average of math and science, primary through lseeondary school, all years. t-statistics in p&eses unless otherwise noted. Data relative toitbegrskills is from

%Jgdated Altinolet al.(2014) dataset.
a,

Sample of OECD countries.

® Sample of non-OECD countries
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Table 4. Sensitivity of estimated effects of cognitive kkilo the economic level of countries and regions

1) 2 3) )] (5) (6) (") (8)
All countries High Income Low Income Arab States & Asian Latin High TFP Low TFP

Countrie® Countrie®)  Sub-Saharan  Countries American countries countries
Africa Countries

A-OLS

Cognitive skills 1.51C 0.89¢ 1.60( 0.89: 1.71C -0.062 0.91 1.83¢
(10.50 (7.68 (8.18 (2.96 (16.22 (0.23 (7.83 (12.68

Adj. R2 (Observation 0.729 (80 0.717 (40 0.765(40) 0.424(25 0.958 (14 0.524 (17 0.627 (36 0.858 (36

B1- IV-GMM

Cognitive skills 1.87¢ 1.30¢ 1.83¢ 2.50( 1.23¢ 0.54: 0.95¢ 2.48:
(10.45 (8.12 (10.16 (2.26 (5.30 (.71 (5.55 (10.15

F statistic (observation 4262 (79 29.46(39 19.33(40 156(25 13.27(14 7.06(17 16.61(35 16.49(36

B2- IV-GMM

Cognitive skills 2.057 1.22¢ 2.07¢ 1.88¢ 1.65( 1.49 0.74( 2.21¢
(9.80 (7.11 (9.87 (4.20 (6.19 (2.43 (2.33 (9.56

F statistic (observation 2751 (74 13.76(35) 9.45(35 6.87 (25 4.97 (11 1.97 (17 5.16 (30 9.75 (36

B3- IV-GMM

Cognitive skills 1.99¢ 1.25¢ 2.06¢ 1.96¢ 1.74: 0.42: 0.93: 2.41(
(10.12 (7.70 (10.69 (4.57 (7.42 (2.08 (4.08 (10.89

F statistic (observation 27.80 (73 21.2:(34) 11.17(39 6.28(25 4,79 (11 436 (17 12.70(29 13.52 (36

B4- IV-GMM

Cognitive skills 1.93¢ 1.25¢ 1.96¢ 1.84: 1.63( 1.12¢ 0.83¢ 2.35;
(11.03 (6.91 (12.02 (5.43 (8.37 (2.23 (5.57 (11.88

F statistic (observation 3555(78 9.14(39 16.66(39 11.82(25 6.29(12 4,02 (17 40.62 (34 14.37 (36

B5- IV-GMM

Cognitive skills 1.912 1.20¢ 1.96¢ 1.88: 1.63¢ 0.53¢ 0.82] 2.43¢
(11.38 (8.29 (12.05 (5.79 (9.74 (1.78 (6.78 (12.22

F statistic (observation 37.26(77) 8.79(38 16.95(39 8.50(25 24.44(12 4.24(17 64.67(33 13.30(36

B6- IV-GMM

Cognitive skills 1.712 0.95¢ 1.77¢ 0.77: 0.917 1.47¢ 1.08¢t 2.07:
(10.95 (8.17 (10.84 (1.93 (3.28 (2.27 (6.49 (10.07

F statistic (observations) 33.24 (78) 29.37 (38) 13.45 (40) 9.40 (25) 9.84) (1 2.04 (17) 21.69 (36) 11.43(34)
Notes: Dependent variable: average annual grovi¢himaGDP per capita, 1960-2010 for sample fromatied Altinoket al. (2014). Regressions include a constant. Test saree
average of math and science, primary through I@egeondary school, all years. Absolute t-statistigsarentheses. Each panel with IV estimationsuihes different instruments
but always initial years of schooling (hereaftes)YB1: Yrs + governance effectiveness. B2: Yrgepdut of primary education. B3: Yrs + governaeffectiveness + drop out of
primary education B4: Yrs + DALY. B5: Yrs + govenwe effectiveness + DALY. B6: Yrs + initial level Gini index
@ Countries above/below sample median of GDP petaap60

39



Table 5. Estimated effects of advanced and minimum levelogitive skills

(1) (2) 3) (4Y" (5)® (6)® UK (8)° 9)°
Advanced level 6.070 4.186 1.272 0.381 3.064 94.82 2.346
(9.25) (5.64) (0.82) (0.23) (2.63) (1.32) (2.09)
Minimum level 5.091 2.108 2.263 2.170 1.903 3.000 5.094
(8.80) (2.00) (3.21) (2.84) (2.00) (3.10) (4.51)
Years of schooling 1960 0.259 0.197 0.164 0.020 28.0 0.023 0.177 0.151 0.198
(3.04) (3.06) (2.42) (0.33) (0.49) (0.40) (2.50) 2.46) (1.43)
GDP pc 1960 -0.309 -0.317 -0.322 -0.321 -0.308 10.3 -0.325 -0.246 -0.342
(7.38) (7.74) (8.13) (6.26) (6.56) (6.04) (7.22) 6.43) (1.25)
Observations 80 80 80 68 68 68 80 40 40
R-squared (adj.) 0.542 0.685 0.703 0.712 0.740 10.74 0.751 0.718 0.746

Notes: Dependent variable: average annual growthinaGDP per capita, 1960-2010. Regressions iechudonstant. Test scores are either the shanepifrpaching
the advanced level (“Advanced Level”) or the minimlevel (“Minimum Level”). Absolute t-statistics iparentheses

® Specification includes additional controls for opess, fertility, and tropical location.

®) Specification includes dummies for the eight waedions reported in HW.

) Sample of High Income Countries (countries abovepsa median of GDP per capita 1960)

(
(
@ sample of Low Income Countries (countries belowslarmedian of GDP per capita 1960)
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Table 6. Sensitivity of estimated effects of advanced amimum levels of cognitive skills to subsamples

(€

@

(©)

4)

®)

(6)

All countries High Income Low Income Arab States & Asian Latin Am.
Countrie®  Countrie®  SSA countrie® Countries Countries
A-OLS
Advanced leve 2.10¢ 1.88¢ 2.34¢ -17.69¢ 4.14: 16.16¢
(2.00 (1.32 (2.09 (1.62 (2.98 (1.84
Minimum leve 4,18¢ 2.99; 5.09¢ 6.23( 4.46( -3.537
(5.64 (3.10 (4.51 (2.77 (3.15 (2.31
Adj. R2 (Observation 0.703(80 0.718(40 0.746(40 0.346(28 0.955(14 0.650 (17
B1- IV-GMM
Advanced leve 1.98: 5.55¢ 2.65¢ -51.73¢ -1.39¢ 28.49¢
(0.77 (2.54 (0.73 (1.70 (0.40 (2.58
Minimum leve 6.41: 2.32: 7.93¢ 13.39¢ 10.51¢ -2.74¢
(4.59 (1.82 (4.05 (3.46 (2.07 (1.08
F statistic (observation 7.83 (77 11.17 (38 2.77 (39 247 (28 3548 (12 6.11(17
F statistic (observation 38.27 (77 7.17(38 11.76 (39 5.01 (28 9.93 (12 3.68 (17
B2- 1V-GMM
Advanced leve 2.26¢ 6.24¢ 2.89: -53.98" 0.72¢ 32.14¢
(0.86 (2.79 (0.80 (1.82 (0.21 (3.07
Minimum leve 6.45¢ 1.32¢ 7.97¢ 12.90: 7.927 -4.69¢
(4.63 (1.07 (3.99 (3.58 (1.82 (2.08
F statistic (observation 6.52 (72 139433 2.19(39 1.87 (28 8.00 (10 4,26 (17
F statistic(observations 31.74 (72 13.75(33 11.33(39 7.25(28 4.27 (10 3.35 (17
B3- 1V-GMM
Advanced leve 2.15¢ 4.47¢ 2.44¢ -64.18¢ 4.97¢ 6.72¢
(0.80 (1.81 (0.69 (2.01 (3.03 (0.38
Minimum leve 6.37¢ 2.50: 8.24¢ 10.89¢ 3.69¢ 2.82¢
(4.52 (1.83 (3.89 (3.61 (1.80 (0.54
F statistic (observation 6.40 (72 1252 (33 2.49(39 2.69 (33 7.35 (10 3.84 (17
F statistic (observation 42.32 (72 1256 (33 14.31(39 12.43(33 4.95(10 3.53 (17
B4- IV-GMM
Advanced leve -0.25¢ 4,64 0.76¢ -59.6¢ -0.57¢ 24,30«
(0.12 (3.21 (0.23 (2.09 (0.19 (2.54
Minimum leve 6.811 1.15¢ 8.18¢ 13.0( 9.321 -2.12¢
(4.94 (1.04 (4.22 (3.38 (2.21 (0.95
F statistic (observation 13.41 (75 35.73(36 2.74 (39 2.01(28 16.53(12 10.31 (17
F statistic (observation 43.81 (75 29.10(36 11.37(39 54128 13.41(12 3.63(17

Notes: Dependent variable: average annual grovithireGDP per capita, 1960-2010. Regressions iechiadtonstant. Independent variables include theesbfapupil reaching the advanced level
(“Advanced Level”) or the minimum level (“Minimumevel”). Absolute t-statistics in parentheses. Epahel with IV estimations includes different instrents but always governance effectiveness

(GE) and DALY which are powerful predictors for eitive skills. B1: GE + DALY + initial years of edation. B2: GE + DALY + initial years of educatiendrop out of primary education. B3: GE +

DALY + survival rate to the last grade of primagueation; B4: GE + DALY + initial years of schodjjrt initial level of Gini index.
@Countries above/below sample median of GDP peitacap60; (b) SSA countries refers to Sub-Sahariicah
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Appendix (not for publication)

Appendix A: Presentation and anchoring methodology of student assessment tests

In this appendix, we present international andaegii student achievement tests (respectively
ISAT and RSAT) used in this study, and the methoglplused in order to obtain the updated
dataset based on Altinok, Diebolt, de Meulemee&26i4). For a more detailed presentation,

please consult this paper.
We provide below first a short presentation ofw¥hdous existing learning assessments.

The International Association for the Evaluation of Edtional Achievemer(fEA) was the
first body to measure individual learning achievatrfer international comparative purposes in
the early 1960s. The surveys include the highlyarggd “Trends in International Mathematics
and Science Study” (TIMSS) and “Progress in Inteomal Reading Literacy Study” (PIRLS).
TIMSS test aims at evaluating skills of studentgjiades 4 and 8 in mathematics and science,
while PIRLS is based on a test based on readi@yade 42° Another well-known international
assessment is PISA (Programme for Internationatleé®iiuAssessment). The Organisation for
Economic Co-operation and Development (OECD) lagdchPISA in 1997. More generally,
PISA has assessed the skills of 15-year-old evegetyears since 2000 in countries that together
account for almost 90% of the global economy —a.eajor part of the World GDP. Until now,
five rounds of PISA are available (every three geaver 2000-2012).

Two other international assessments are avail@bbaving on the experience of tihational
Assessment of Educational Progre@$AEP), the International Assessment of Educational
Progress (IAEP) comprises two surveys first conducted in88%nd 1991. Under a joint
UNESCO and UNICEF project, learning achievementsehbeen assessed as part of the
Monitoring Learning AchievemeLA) programme on a vast geographical scale imartban
72 countries (Chinapah, 2003). This programme sésmment is flexible and ranges from early

childhood, basic and secondary education to nomdbradult literacy. However, all of the data

A grade consists of a specific stage of instructioinitial education usually covered during an Gemic year.
Students in the same grade are usually of simgar &his is also referred to as a ‘class’, ‘cohort'year’ (Glossary
of UIS website available at: http://glossary.uigsep.org/glossary/en/home).
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have not been published. Supplementing nationalrtgpa separate report on MLA | was drafted
for 11 African countries (Botswana, Madagascar, aMal Mali, Morocco, Mauritius, Niger,
Senegal, Tunisia, Uganda and Zambia; see UNESCQ0)2@s the microdata of IAEP and

MLA is not available, we preferred not to inclutese assessments in our database.

Three major regional assessments (RSATs) have beeducted in Africa and Latin
America. TheSouthern and Eastern Africa Consortium for MonitgriEducational Quality
(SACMEQ) grew out of a very extensive national stigation of the quality of primary
education in 15 African countries in 1995-1999, @@002 and 2007. Following a different
approach, surveys under tHerogramme d'Analyse des Systémes Educd#8SEC, or
“Programme of Analysis of Education Systems”) & tonference of Ministers of Education of
French-Speaking Countries (CONFEMEN) have been wded in the French-speaking
countries of sub-Saharan Africa since 1993. Finalig network of national education systems in
Latin American and Caribbean countries, known as lthtin American Laboratory for
Assessment of the Quality of Educat{fbhECE), was established in 1994 and is coorduhdute
the UNESCO Regional Bureau for Education in Latmekica and the Caribbean. Assessments
conducted by the LLECE focused on learning achierdgm in reading, mathematics and
sciencé’ in grades 3 and®4 in 13 countries of the subcontinent in 1998 apmgiade 3 and 6

pupils in 2006.

All achievements tests undertaken and the mainrmmdtion concerning them are summarized
in Table A.1 below. The methodology used to adijbost is presented in section A2 below and
in more details in Altinolet al. (2014).

A.l. Presentation of student assessment tests

A.1.1. International learning assessments

The International Association for the EvaluationEzfucational Achievement (IEA) was the

first body to measure individual learning achievateeand conduct recurrent surveys for

30 Science skill was included in the second roung.onl
31 A grade is a stage of instruction usually equinate one complete year. Hence, grade 3 represiemtthird year
of compulsory schooling — i.e. of primary educatiomost countries.
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international comparative purposes as soon aseirednly 1960s. The surveys include the highly
regarded “Trends in International Mathematics angtr®e Study” (TIMSS) and “Progress in

International Reading Literacy Study” (PIRLS).

A. TIMSS. The major survey series from IEA is the “Trend¢nternational Mathematics and
Science Study” (TIMSS). Five TIMSS rounds have bkeld to date. The first, conducted in
1995, covered 45 national educational systems taree groups of learnéfs The second round
covered 38 educational systems in 1999, examinupygfrom secondary education (grade 8).
The third round covered 50 educational system®082focusing on both primary and secondary
education (grades 4 and 8). In 2007, the fourthiesucovered grades 4 and 8 and more than 66

educational systems. The last round were doneid 28d covered 77 countries/ar8as

B. PIRLS. The other major IEA survey is the “Progress iretnaitional Reading Literacy
Study”, also known as PIRLS. Three major round® LS have held up to 2011: in 2001, in
2006 and in 2011. PIRLS survey tests pupils froimary schools in reading literaty The last
PIRLS round was done together with TIMSS (2011) iactlded 60 countries/areas.

C. PISA. The Organisation for Economic Co-operation anddlgyment (OECD) is another
international organisation that has carried ouhddadised international comparisons of pupils
achievements. The OECD launched its "Programmelrftarnational Student Assessment”
(PISA) in 1997 to meet the need for readily compkralata of student performance. In 2009, 72
countries/areas participated, while 64 countriesiaexpect to take part to PISA 2012. Unlike the
IEA surveys, PISA assesses only 15-year-old pupilsgatever their school level, whereas the
grade is the main criterion in selecting pupils 1&A assessments (and all over student
achievement tests).

A.1.2. Regional learning assessments

Three major regional assessments have been coddnoMyica and Latin America.

32 |EA assessments defined populations relative ¢gifip grades, while assessments as PISA focugemfpupils.
In IEA studies, three different group of pupils generally assessed: pupils from grade 4, gradel§ram the last
grade of secondary education. Some Canadian pewiocstates in the United States of America haeasionally
taken part in the IEA surveys. For the sake of §initp, these regions are not included in the numifecountries
participating in the surveys.

3 Since the micro data is not yet released, we didntluded TIMSS 2011 dataset in our database. d¥ew the
database will be updated regularly with new reldataa.

34 Similarly to TIMSS, pupils from Grade 4 were chose
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D. SACMEQ. The Southern and Eastern Africa Consortium for Momg Educational
Quality (SACMEQ) is an assessment which concernslgnanglophone Sub-Saharan countries.
The first SACMEQ round took place between 1995 2889. SACMEQ | thus covered seven
different countries and assessed performance gingat grade 6. In the second round, which
was held between 2000 and 2002 and covered 14 rezsirdnd one territory (Zanzibar),
performance in mathematics and reading was asseBbedtarget cohort consisted of grade 6
pupils, as under SACMEQ I. The third SACMEQ roul@ACMEQ Ill) is covering the same

countries as in 2002 (plus Zimbabwe) and focuseschievements levels of grade 6 pupils.

E. PASEC. Surveys under the “Programme d’Analyse des Systdeicatifs” (PASEC, or
“Programme of Analysis of Education Systems”) & tonference of Ministers of Education of
French-Speaking Countries (CONFEMEN) have been waed in the French-speaking
countries of sub-Saharan Africa. This assessmentaot results for primary school performance
in mathematics and in French. In both CP2 (thersgpade in primary school) and CM1 (grade
5), more than 15 countries have taken part to PASESessments. In order to simplify the
analysis, we will consider two different rounds RASEC: the first round includes assessments
occurred between 1996 and 2003, whereas the PAISBKEE into account evaluations which have
been done between 2004 and 2010.

F. LLECE. The network of national education systems in La#&merican and Caribbean
countries, known as the Latin American LaboratamyAssessment of the Quality of Education
(LLECE), was formed in 1994. Assessments condubtethe LLECE thus focused on learning
achievement in reading and mathematics in grad&sd34 in 13 countries of the subcontinent
(Casassus et al., 1998, 2002), namely ArgentindiyiBoBrazil, Chile, Columbia, Costa Rica,
Cuba, Dominican Republic, Honduras, Mexico, Pargg&&ru and the Bolivarian Republic of
Venezuela (Casassus et al., 1998). In 2006, trendeound of the LLECE survey was initiated
in the same countries as LLECE I. Our analysis wmitlude only LLECE Il results, since the

grade tested is the last grade in all countries.
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A.2. M ethodology of anchoring student assessment tests

We hereafter present the methodology used to camiber main database underlying our
indicators of quality of student achievement (IQSEdr a more detailed presentation, please

refer to the original paper (Altinodt al, 2014).

In their pioneering paper, Lee and Barro (2001)dusieect results from ISATs, without any
specific methodology for adjusting potential difaces between all the series. They used instead
a regression techniquei.e. the seemingly unrelated regression — which allmaabtain different
constants between each test, and hence to allopotential differences between tests over years
and over skills.

Another method of anchoring has been used by Hakuahd Kimko (2000). These authors
adjusted ISATs between 1964 and 1995 by usingteefm NAEP National Assessment of
Educational Progress). Their methodology is only based on United Statsres, and the data
is limited to the period of 1964-1995. A recent @apby Hanushek and Woessmann (2012) aimed
at correcting some of these imperfections by usim@pproach that assumes stability over time
of the variance of quality of student achievemena irestricted number of OECD countries. The
authors suggest two criteria for a group of coestto serve as a standardization benchmark for
performance variation over time. Firstly, the coigst have to be member states of the relatively
homogenous and economically advanced group of O&dgLidtries in the whole period of ISATs
observations. Second, the countries should have ehadibstantial enrollment in secondary
education already in 1964. Then, the authors sugf@scountries that meet both of these
measures of stability which are named “OECD Statidation Group” (OSG) of countrigs
Hanushek and Woessmann (2012) assume that the-amosBy variation among the OSG
countries do not vary substantially since 1964. ing this assumption, they build new
indicators of student achievements and educatignality. Their main measure of cognitive
skills is a simple average of all standardized naetth science test scores of the ISATs in which a
country participated. Their database includes coetbimeasure for the 77 countries that have

ever participated in any of the math and scienstste

35 A description of the NAEP can be found in Altinekal. (2014).
3% The OSG countries are: Austria, Belgium, Canadmriark, France, Germany, Iceland, Japan, Norwagd&m
Switzerland, the United Kingdom, and the United&ta
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As the authors explain in their paper, a majorassith this methodology concerns countries
that are far from the measured OECD performancpatticular, countries far off the scale of the
original test scores may not be well representelree the tests may be too hard and thus not
very informative for them. This bias may be moregartant when analyses are focused on

developing countries, which is the case of ourystud

Moreover, the methodology used — i.e. the “OSGafntries” — does not take into account
several improvements made by ISATs since 1995. Trternational Association for the
Evaluation of Educational Achievement (IEA) and rganisation for Economic Co-operation
and Development (OECD) teams prepared modern ISATsrder to allow intertemporal
comparisons. By using another methodology, HanusinekWoessmann (2012) chose a specific
approach and neglected the recent improvements rbgdesychometricians, as the Item
Response Theory (IRT). Moreover, they do not cleahow to what extent their main
assumption — i.e. the variation between the OSEbohtries is stable — is corroborated by results

from modern ISATS, as these ones permit to compauatries performance over time.

Another limit deals with the absence of Regionaldgént Achievement Tests (RSATS) in their
database. Hanushek and Woessmann (2012) only thaud8ATs since the methodology used
is based on developed economies. In our paper,raxgde an alternative methodology which
enables the possibility to include main regionadeasments. As these ones are focused on
developing countries, our study permits to analypee deeply the question of universal primary

education and specific analysis for developing eauss.
Below we provide details of the steps used to gerehe data.
Step 1: Distinction between assessments (A.1, A.2 and B)

As the methodology of anchoring differs betweeresssients, we allocate each assessment to
three different groups of surveys (groups A.1, &2 B). Surveys grouped in survey series A are
from IEA and OECD, while assessments from surveyeseB are from RSATs (PASEC,
SACMEQ and LLECE). In Table A.1., we present thi#edént assessments used in our study
with the classification used.

Concerning surveys A.1. and A.2., two complementagthods of anchoring can be used in

order to obtain comparable scores. The first omelaged with the permanent anchoring of each
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score with the results of USA. Since the USA toaktpo all international assessments, it
remains possible to obtain comparable scores batagsessments by anchoring the performance
of this country with a national assessment. Theeyts included in this group are mainly the ones
which occurred until 1995. More precisely, we irdg8uall ISATs in reading until 2001, and all
ISATs in mathematics and science until 1995 for IBdyveys, while surveys for PISA are
included until 200¥.

Other assessments (PIRLS [2006], TIMSS [1999, 2@087], PISA [2003, 2006, 2009]) are
grouped in the survey series A.2. This second gmiupssessments is adjusted with another

methodology (presented in step 3).
Step 2: Adjustment of Survey seriesA.1.

The methodology used in survey series A.1 involreirrent adjustment to théS National
Assessment of Educational Progr®AEP) survey in the way described by Hanushek and
Kimko (2000). The NAEP has been the main instrumeséd to measure the learning
achievement of pupils in the United States of Aceesince 1969. Based on the Hanushek and
Kimko (2000) methodology, we can scale the levetath ISAT relative to the comparable test
performance of the United States, by using the semes evidence on the performance of U.S.
students. Following assessments are included s dtoup: FIMS, FISS, RLS, TIMSS 1995,
PIRLS 2001 and PISA 2000 for reading.

Step 3. Adjustment of survey seriesA.2.

If recent assessments such as PISA 2009 or PIRD6 &@re to be adjusted according to the
above procedure, all survey scores would be basescores obtained in the USA. However,
recent surveys have been designed to allow anafsisuntry across time. The same adjustment
coefficients as those calculated for the seriesuveys are used in order to achieve a single
linear conversion of country scores, and this pilace does not compromise the comparability of
the scores obtained by countries participatinghs $ame survey series. As highlighted above,
this main difference with the methodology used antkshek and Woessmann (2012a) allows us

to avoid a potential bias in estimating trendsupifs performance for countries for which scores

37n the case of mathematics, we also include PIS@3Xurvey, while in science, PISA 2003 and 2008eys are
included too, since the PISA datasets does nowatlivect comparability of scores between 2000 a@@32for
mathematics and between 2000 and 2006 for science.
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are already comparable over time. As our anchonmmgthodology is a simple linear
transformation of surveys, the trends of schoofisgormance observed in PISA reports are still
present in our database (see OECD, 2610)

Step 4: Adjustment of survey seriesB

For the last group of surveys (called « Series,Bue) cannot use a simple anchoring method
on the NAEP, since the United States did not gpete to any regional assessment. We selected
countries which participated in at least two diéigr surveys so as to establish a comparison
between the surveys. The IEA surveys have beereohas reference survey as they cover most

of the countries and as the economic levels ofgipating countries is the most heterogeneous.

As some countries took part simultaneously to s#v@ssessments, we can suppose that the

differences found between assessments are exogenthesperformance of these countries.
Step 5. Cross country dataset

It may be of interest to compare countries’ avenaggormance in international and regional
surveys. First, countries’ average score for aleys at the same educational level is calculated.
Next, each country’s average score in each skil an all primary education surveys is
calculated. The same is then done for secondarga¢idn and each skill. We then obtain 6
different series of cross country data for educeticachievement, since we distinguish for the
level of education (primary versus secondary) dredskill evaluated (mathematics, science and
reading). The mean score in each level is then atedpby averaging scores from each skill.
Moreover, we aggregated results from each educdgiel in order to obtain a single general
score of schooling performance for each countmyc&ithe dataset for each level is unbalanced,
we firstly predicted scores for all countries byngsall the existing information (i.e. with general

scores), and then we obtained the total scoresdiocation (primary + secondary).
Step 6. Update of the database

Since original database covers student assessestmrly until 2007, we udpated it with exactly
the same methodology by using recent assessmaritshmd by IEA (TIMSS 2011, PIRLS

% However, a problem occur when for some countriesdetect a big difference in trends between IEA BISA

assessments. For instance, in can be possibléotratow number of countries, the performance ufils increased
in TIMSS while we observed a decrease in PISA.eladtof merging both variations - which would leadat
stagnation of score - we prefer to focus primadlyEA results.
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2011) and OECD (2012). Hence, our updated datasetrs a period from 1965 to 2012, which
represents approximately 50 years.
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Table A.1 Review of student achievement testsincluded in the study

No | Year Organization Abbr. Subject i;)eu;;rles/ Grade/Age Survey Series

2 1964 IEA FIMS M 12 7, FS Al

3 1970-71 IEA SRC R 15 4,8, FS. -

4 1970-72 IEA FISS S 19 4,8, FS. Al

5 1980-82 IEA SIMS M 19 8, FS A2

6 1983-1984 IEA SISS S 23 4,8, FS A2

8 1990-1991 IEA RLS R 32 3-4,7-8 Al

9 1995,1999,2003,2007,2011 IEA TIMSS M,S 3-4, F8, A1 (1995), A.2. (Other
years - except 2011)

11 1997, 2006 UNESCO LLECE M,S,R 13 3,6 B.

12 1999, 2002, 2007 UNESCO SACMEQ M,R 7,15,16 | 6 B

13 1993-2001, 2002-2012 CONFEMEN PASEC M ;R 2,5 B

14 2001, 2006, 2011 IEA PIRLS R 35,41, 55 4 A.1(2001) ; A.2. (Other
years - except 2011)
A.1 (2000 for reading ;
2003 for maths ; 2006 for

43, 41, 57, science); A.2. (Other years
16 2000-2012 (every 3 years) OECD PISA M,S,R 75 Age 15 for reading : until 2003 for

maths ; until 2006 for
science)

Note: For the meaning of abbreviations, pleaseudbh&bbreviations" page. « FS » means "Final Seleoyi’. Only assessments for which there is an
information in "Survey Series" column are includedur dataset.
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Table A.2. Descriptive statistics

Obs. Mean Std. Dev. Min. Max.
Original HW dataset
AAGR in GDP pc 1960-2000 50 3.051 1.403 1.112 7.396
Cognitive skills* 50 4.546 0.611 3.089 5.452
GDP pc 1960 50 4,995 3.686 0.682 14.978
Years of schooling, 1960 50 5.289 2.739 0.620 10.540
Mean years of schooling, 1960-2000 50 7.154 2.619 1.804 11.650
Updated Altinok et al. dataset
AAGR in GDP pc 1960-2010 80 2.560 1.486 -0.983 6.814
Cognitive skills* 80 4.654 1.028 2.443 6.289
GDP pc 1960 80 4.157 3.879 0.323 17.056
Years of schooling, 1960 80 3.783 2.504 0.195 10.170
Mean years of schooling, 1960-2010 80 6.078 2.600 0.896 11.743
Instrumental variables estimates
External exit exam system 30 0.595 0.473 0 1
Initial years of schooling 30 5.657 2.488 0.908 10.170
Catholic share in 1900 80 0.323 0.413 0 1
Relative teacher salary 47 7.140 23.097 0.25 157.38
DALY 78 1.162 1.696 0.046 6.176
EDR 78 0.036 0.050 0.002 0.185
Governance effectiveness 77 0.347 1.021 -1.73 21

* Cognitive skills variables are standardized ireatimations with a mean equal to 0 and a standievéhtion equal to 1.
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Table A.3. International data on cognitive skills

D Country
ata Country . .
c Cognitivé | Basi¢® | Advance Data | . ailable in| included in | Mcluded in
ountry a) ) 4o available in our undated HW our
HW® paate . regression$
databas® |regressiorfd | "¢9¢;
Albania 4506 | 0.674| 0.098 1 1 0 0
Algeria 4.127 | 0.586| 0.008 0 1 0 0
Argentina 4.469 | 0.652| 0.092 1 1 1 1
Armenia 5.021 | 0.841| 0.159 1 1 0 0
Austria 5.797 | 0.969| 0.398 1 1 1 1
Azerbaijan 4.783 | 0.808| 0.083 0 1 0 0
Bahrain 4.698 | 0.765| 0.086 1 1 0 0
Belgium 5.913 | 0.922| 0.462 1 1 1 1
Belize 3.667 | 0.415| 0.052 0 1 0 0
Benin 2.581 | 0.281| 0.058 0 1 0 1
Bosnia 4,910 | 0.868| 0.100 0 1 0 0
Botswana 3.951 | 0.469| 0.022 1 1 0 0
Brazil 4.425 | 0.622| 0.080 1 1 1 1
Bulgaria 5.505 | 0.905| 0.343 1 1 0 0
Burkina Faso 3.328 | 0.383| 0.075 0 1 0 0
Burundi 3.395 | 0.375| 0.089 0 1 0 1
Cameroun 3.938 | 0.496| 0.102 0 1 0 1
Canada 5.869 | 0.964| 0.428 1 1 1 1
Chad 2.657 | 0.283] 0.057 0 1 0 0
Chile 4900 | 0.805| 0.139 1 1 1 1
China 5.204 | 0.906| 0.230 1 1 1 1
Colombia 4,418 | 0.648| 0.069 1 1 1 1
Comoros 2.819 | 0.307| 0.068 0 1 0 0
Congo 2.909 |0.322] 0.071 0 1 0 1
Costa Rica 4854 |0.813| 0.119 0 1 0 1
Croatia 5.637 | 0.969| 0.323 0 1 0 0
Cuba 5.402 | 0.867| 0.304 0 1 0 0
Cyprus 5.066 | 0.874| 0.150 1 1 1 1
Czech Rep. 5.810 | 0.973| 0.401 1 1 0 0
Cote d'lvoire 3.037 | 0.314| 0.051 0 1 0 1
Denmark 5.762 | 0.955| 0.402 1 1 1 1
Dominican Rep. 3.728 | 0.336| 0.043 0 1 0 1
Ecuador 3.924 | 0.441| 0.046 0 1 0 1
Egypt 4.364 | 0.622| 0.059 1 1 1 1
El Salvador 3.976 | 0.476| 0.008 0 1 0 1
Estonia 5.985 | 0.971| 0.475 1 1 0 0
Finland 6.080 | 0.982| 0.523 1 1 1 1
Portugal 5.757 |0.963| 0.381 1 1 1 1
Gabon 3.906 | 0.497| 0.059 0 1 0 0
Georgia 4,731 | 0.767| 0.092 0 1 0 0
Germany 5.838 | 0.965| 0.417 1 1 0 1
Ghana 3.417 | 0.246| 0.009 1 1 1 1
Greece 5.349 | 0.898| 0.260 1 1 1 1
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Country

Data Country . .
c Cognitivé | Basi¢® | Advance Data | .\ ilable in| included in | Mcludedin
ountry a) ) 4 available in our undated HW our
HW® pda’e : regressiorf8

databas® |regressiorfd | "¢9;
Guatemala 3.929 | 0.421| 0.047 0 1 0 1
Honduras 4.208 | 0.578| 0.024 0 1 0 1
Hong Kong 6.108 | 0.972| 0.550 1 1 1 1
Hungary 5.802 | 0.962| 0.422 1 1 0 0
Iceland 5.504 | 0.922| 0.301 1 1 1 1
India 4.253 | 0.591| 0.031 1 1 1 1
Indonesia 4.436 | 0.667| 0.048 1 1 1 1
Iran |.R. 4578 | 0.731| 0.060 1 1 1 1
Ireland 5.833 | 0.959| 0.425 1 1 1 1
Israel 5.172 | 0.793| 0.272 1 1 1 1
ltaly 5.632 | 0.949| 0.344 1 1 1 1
Japan 6.173 | 0.984| 0.569 1 1 1 1
Jordan 4.797 | 0.771| 0.140 1 1 1 1
Kazakhstan 5.279 | 0.908| 0.235 0 1 0 0
Kenya 4.024 | 0.468| 0.049 0 1 0 0
Korea Rep. 6.289 | 0.984| 0.633 1 1 1 1
Kuwait 3.982 | 0.512| 0.021 1 1 0 0
Kyrgyzstan 3.750 | 0.340| 0.024 0 1 0 0
Latvia 5.701 | 0.969| 0.362 1 1 0 0
Lebanon 4537 |0.731| 0.058 1 1 0 0
Lesotho 3.416 | 0.235| 0.043 0 1 0 1
Liechenstein 5973 | 0.954| 0.472 1 1 0 0
Lithuania 5.669 |0.972| 0.339 1 1 0 0
Portugal 5.785 | 0.959| 0.420 1 1 0 0
Macao 5.936 |0.966| 0.476 1 1 0 0
Macedonia F.Y.R. | 4.740 | 0.744| 0.115 1 1 0 0
Madagascar 3.817 | 0.490| 0.142 0 1 0 0
Malawi 3.282 | 0.200( 0.043 0 1 0 1
Malaysia 5.077 | 0.877| 0.183 1 1 1 1
Mali 2.735 | 0.288| 0.060 0 1 0 1
Malta 5.235 | 0.847| 0.250 0 1 0 1
Mauritania 1.980 | 0.228| 0.046 0 1 0 0
Mauritius 4.459 | 0.635| 0.130 0 1 0 1
Mexico 4.666 | 0.734| 0.100 1 1 1 1
Moldova 5.149 | 0.886| 0.177 1 1 0 0
Mongolia 4.698 | 0.791| 0.053 0 1 0 0
Montenegro 4764 | 0.772| 0.126 0 1 0 0
Morocco 3.729 | 0.415| 0.009 1 1 1 1
Mozambique 3.688 | 0.313| 0.043 0 1 0 1
Namibia 3.417 | 0.257| 0.043 0 1 0 1
Netherlands 5.924 |0.980| 0.431 1 1 1 1
Nicaragua 4.025 | 0.470| 0.044 0 1 0 0
Niger 2.443 | 0.257| 0.052 0 1 0 1
Nigeria 3.988 | 0.483| 0.015 1 1 0 0
Norway 5.514 | 0.931| 0.289 1 1 1 1
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Data

Country

Country

Country Coggitivé Ba)siéb Ad:j/g)nce avalﬁggl\e | available in| included in mClgﬁfd n
HW© our updated HW_ reqressiorié

databas® |regressiorfd | "¢9;
Oman 4.216 | 0.589| 0.039 0 1 0 0
Palestine 4.287 | 0.597| 0.049 1 1 0 0
Panama 4.163 | 0.523| 0.050 0 1 0 1
Papua New Gui. 4.867 | 0.912| 0.072 0 1 0 0
Paraguay 4.074 | 0.507| 0.051 0 1 0 1
Peru 4.116 | 0.522| 0.042 1 1 1 1
Philippines 3.894 | 0.443| 0.031 1 1 1 1
Poland 5.588 | 0.933| 0.327 1 1 0 0
Portugal 5.460 | 0.919| 0.293 1 1 1 1
Qatar 4.035 | 0.481| 0.071 0 1 0 0
Romania 5.243 | 0.872| 0.244 1 1 1 1
Russian Fed. 5.749 | 0.968| 0.396 1 1 0 0
Saudi Arabia 4.245 | 0.592| 0.029 1 1 0 0
Senegal 3.085 | 0.348| 0.068 0 1 0 1
Serbia 5.398 | 0.918| 0.267 1 1 0 0
Seychelles 4.103 | 0.535| 0.050 0 1 0 0
Singapore 6.250 | 0.961| 0.609 1 1 1 1
Slovakia 5.678 | 0.954| 0.362 1 1 0 0
Slovenia 5.613 | 0.955| 0.320 1 1 0 0
South Africa 3.180 | 0.213| 0.021 1 1 1 1
Spain 5.554 | 0.951| 0.303 1 1 1 1
Swaziland 4.142 | 0.521| 0.024 1 1 0 0
Sweden 5.793 | 0.966| 0.393 1 1 1 1
Switzerland 5.739 | 0.926| 0.426 1 1 1 1
Syrian A.R. 4.296 | 0.624| 0.024 0 1 0 1
Tanzania U.R. 3.998 | 0.456| 0.045 0 1 0 1
Thailand 5.096 |0.880| 0.160 1 1 1 1
Togo 3.350 | 0.388| 0.068 0 1 0 1
Trinidad & T. 4.853 | 0.749| 0.168 0 1 0 1
Tunisia 4.138 | 0.570| 0.057 1 1 1 1
Turkey 5.098 | 0.850| 0.196 1 1 1 1
Uganda 3.594 | 0.300| 0.044 0 1 0 1
Ukraine 5.105 | 0.885| 0.152 0 1 0 0
United Arab Em. 4944 |0.782| 0.181 0 1 0 0
Uruguay 4.833 | 0.784| 0.138 1 1 1 1
Venezuela 4.042 | 0.487| 0.048 0 1 0 1
Vietnam 5.971 | 0.968| 0.482 0 1 0 0
Yemen 2.761 | 0.282| 0.046 0 1 0 0
Zambia 3.293 | 0.219| 0.043 0 1 0 1
Zimbabwe 4.329 | 0.686| 0.020 1 1 1 1
Notes:

@ Average test score in math and science, primaouth lower secondary, all years.
®) Share of students reaching basic literacy

9 Data for cognitive skills is available in the HVsltdbase

(
EC) Share of students reaching advanced level in eefhient tests
(

® Data for cognitive skills is available in our upel database
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® Data for cognitive skills is both available in tH&V database and in growth regressions
@ Data for cognitive skills is both available in aypdated database and in growth regressions
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Table A.4. Sensitivity of estimated effects of cognitive kkio the sample of countries and time periods

(1) () ®3) (4) (®) (6) (7) (8)

Score- Score-
Non- W/o East 1980-2000 (A) ; -
OECD Asia 1960-1980 1980-2010 (B) schpollrg)g schootl)l)ng

outliers®  cord

Full OECD

Test-score specification
(A) Data from Hanushek and Woessmann (2012a)

All math and science 1.120 1.144 1.273 0.795 0.961 1.714 1.140 1.634
(7.38) (7.08) (5.66) (7.21) (3.32) (9.12) (6.71) 6.5Q)
Only lower secondary 1.177 1.128 1.231 0.777 0.985 1.629 1.111 1.484
(6.84) (6.39) (5.68) (6.15) (3.46) (7.87) (5.19) 6.48)
(B) Data from updated Altinok, Diebolt, de Meulestee (2014)
(B1) All math and science 1.510 1.471 1.524 1.268 .681 1.681 1.394 0.745
(10.50) (3.41) (7.70) (6.52) (6.84) (8.13) (8.72) (1.88)
(B2) Only lower secondary  1.107 1.057 1.109 1.023 1.484 1.143 0.944 1.295
(9.06) (3.50) (6.30) (5.74) (6.78) (7.77) (8.36) 4.8b)
No. of countries (A) 50 26 24 38 50 50 25 25
No. of countries (B1) 80 27 53 68 80 80 41 39
No. of countries (B2) 56 27 29 45 56 56 28 28

Notes: Reported numbers are the coefficient ongestes in each model specification. Dependentibbai Unless noted otherwise, average annual groatthin GDP per capita, 1960-2000
(Hanushek and Woessmann, 2012a), 1960-2010 (updatadrom Altinoket al,2014)). Control variables: Initial GDP per capitdtial years of schooling and a constant. Testas: Unless noted
otherwise, average of math, reading and scienaeapy through secondary school, all years. Absahstatistics in parentheses

® Countries with largest (outliers)/smallest (caesiduals when regressing years of schooling drsteses
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Table A.5. Sensitivity of estimated effects of cognitive ikib the measurement of skills

(2) (2) 3) No. of countries
Non- (Non-OECD
Ful OECD OECD countries)
Test-score specification
(A) Only since 1995 1.392 1.419 1.335 76 (49)
(9.37) (3.55) (6.52)
(B) Only lower secondary since 1995 1.107 1.057 09.1 56 (29)
(9.06) (3.50) (6.30)
(C) Only until 1995 1.545 0.771 1.491 46 (22)
(7.62) (2.04) (3.86)
(D) Only math 1.401 1.283 1.354 76 (49)
(10.81) (4.04) (7.42)
(E) Only science 1.012 0.957 1.021 61 (34)
(5.83) (2.61) (4.24)
(F) Only reading 1.443 1.848 1.331 73 (46)
(7.51) (2.99) (4.74)
(G) All subjects entered jointly 54 (27)
Math 1.726 1.432 1.811
(4.71) (2.52) (3.61)
Science -0.208 -0.367 -0.354
(0.77) (0.88) (0.96)
Reading -0.487 0.359 -0.451
(0.73) (0.41) (0.48)

Notes: Reported numbers are the coefficient onstEstes in each model specification. Dependent biariaverage
annual growth rate in GDP per capita, 1960-2010t@bvariables: Initial GDP per capita, initialams of schooling
and a constant. Test scores: Unless note otheraiszage of math, reading and science, primaryugiirdower
secondary school, all years. Data relative to dognskills is from updated Altinokt al. (2014) dataset. Absolute t-

statistics in parentheses.
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