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Abstract

The originality of our paper comes from two methodological changes
to Development Accounting technique. We use regional achievement
and GRE Tests in order to improve the accuracy of the measures of
cognitive skills of the labour force and widen the number of obser-
vations. Contrary to previous literature we do not find significant
increases in the role of human capital. We also adopt a dual approach,
like in growth accounting, and we do improve the role of observable
inputs. Still differences in efficiency account for nearly 50 per cent in
output variability but the robustness of this result has been improved.
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1 Introduction

In 1993 output per worker in Togo was less than 3 per cent of output per
worker in the United States; the gap has persisted until 2011 without
any signal to be reduced. Explaining such vast disparities in economic
performance is one of the fundamental challenges of economics and
this research aims to shed lights on these differences, using Developing
Accounting1 technique. There is certain consensus in the literature
that efficiency plays a major role, "differences in efficiency account
for at least 50 per cent of differences in per capita income" Caselli
(2005)2. The originality of our paper comes from two methodological
changes pursuing to increase the variability explained by the observ-
able factors, physical and human capital. We use a dual approach,
like Hsieh (2002) in growth accounting, but applied to DA and we
use regional achievement tests variability, inspired in Hanushek and
Woessmann (2012), in order to improve the accuracy of the measure
of cognitive skills (associated to human capital). Notice that in growth
accounting there are two methodologies approach in order to estimate
the variability explained by total factor productivity (TFP) growth or
efficiency: the primal and the dual approach. Both of them should
give exactly the same results provided the databases used are mutually
consistent (Hsieh, 2002): primal approach uses national account data,
while the dual approach uses market data. However, when Young
(1994) estimated the TFP growth for Asian countries using the primal
approach and Hsieh (2002) repeated the exercise but using the dual
approach, the results obtained were considerably different3. The litera-
ture concludes that the mentioned disparities arise due to a difference
in the data quality, restating the utility of using market data about
prices. In particular, DA technique generally uses national account
data, mostly GDP -from Penn World Table-. Thus, our objective is to
apply DA but using market data on wages. Our hypothesis is that the
low the low role of productivity factors in explaining cross-country in-
come differences obtained by the traditional literature has been due to
the severity quality and comparability problems of national accounts,
especially in developing countries. Moreover, our second hypothesis
takes the view of Hanushek and Woessmann (2012), who argue that
using worldwide tests to assess the academic performance of students

1 From now on we will refer to Development Accounting as DA.
2 The results obtained by Caselli (2005) show that only 38.5 per cent of per capita income variation
can be explained by differences in the quantity of inputs.
3 Specifically for Singapore and Taiwan.
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from poor countries4 is subject to severe measurement errors. For this
purpose, we turn to regional achievement test designed specifically for
Latin America countries, which not also widens the number of Latin
American countries included in the sample, but also it is supposed
to measure more consistently cognitive skills of the students in this
region. Notice, Hanushek and Woessmann (2012) use these tests and
argue that significantly improve the variability explained by human
capital. We made another innovation, regarding human capital, for a
robustness exercise. Since international tests data is very sparse and
mostly available in recent dates the implicit assumption is that the
quality of education is constant overtime. In other words it is assumed
that the cognitive skills of the children who took international test
reflect cognitive skills of the current labor force. If, on the contrary,
education quality changes overtime, this assumption cannot be held
anymore. As a way out of this problem, we turn in this paper to the
standardized General Record Examination (GRE) test, widely taken
by recent graduates, to account for differences in education quality.
We take the view that GRE test results can more accurately measure
the cognitive skills of the stock of workers5. The identification of
the main components that explain cross-country income differences
is absolutely useful. If one found that physical or human capital are
able to account for most of the differences, then researchers and policy
makers should focus on explaining the rates of factor accumulation6.
Instead, should one find that efficiency differences play an important
role, and then one would have to explain why some countries produce
more output than others from their factors of production, giving more
importance to endogenous growth models (Lucas 1988, Romer 1990,
Romer 1994). In this case, researchers and policy makers would have
to concentrate on technology and other determinants of the efficient
use of Capital (Caselli 2014). As a result, we consider our goal to
identify the magnitude of the role of the efficiency gap through two
new methodological changes very relevant for researchers and policy
makers. Section 2 presents a brief literature review regarding DA
and the two methodological changes adopted in the paper. Section 3
presents the conceptual framework, the basic of DA and the argument
and methodology of using Regional international test and the dual
approach to improve the success in order to explain differences in the

4 In their research the emphasis is on Latin America.
5 We are grateful to Victor J. Elias for this idea.
6 There would be ample scope for exogenous growth models (Solow 1996).
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product per worker across countries. Section 4 presents the results and
section 5 concludes.

2 Literature Review

There is a vast literature on Developing and Growth Accounting that
aims to estimate the relative importance of total factor productivity and
the accumulation of factors of production in economic performance.
Growth accounting basics are presented in Solow (1957), Denison
(1962), Jorgenson and Griliches (1967)7, but our empirical strategy
differs fundamentally in its focus on levels instead of rates of growth.
This focus is important for several reasons, as to mention one, levels
capture the differences in long-run economic performance that are
most directly relevant to welfare as measured by the consumption
of goods and services (Hall and Jones 1998). The works of Klenow
and Rodriguez-Clare (1997) and Hall and Jones (1998) were pioneers
in the literature on DA. They decompose differences in output per
worker across countries into differences in inputs and differences in
productivity using a Cobb Douglas production function. For the de-
veloping countries, they find that relatively little of these differences
were due to physical and human capital, they attribute about 20 per
cent of the variation in income per worker to variation in capita output
ratios. However, lliterature on DA has made a huge effort in order
to improve quality measure of input data and the specification of the
production function8. Though, there is consensus that better input data
and production function specification improves explanation power of
the observable inputs but still efficiency account for at least 50 per
cent of differences in per capita income (Caselli, 2005). Regarding
our approach to the measure of human capital, specifically education,
the most frequently employed measure is years of schooling attain-
ment. Klenow and Rodriguez-Clare (1997) find that human capital
differences explain only 10 per cent of income differences9. However,
the fundamental problem with this development is that it ignores other

7 Barro and Sala I Martin (2003).
8 Regarding human capital, for instance, Caselli (2005) uses schooling attainment and tests score
tests while (Weil, 2001) implement health capital measures.
9 Based on evidence in the labor literature, they assume a Mincerian log linear relationship between
years of schooling and human capital. If human capital production is as intensive in physical capital
as the production of other goods, they find capital differences explain about 30 per cent of income
differences. If instead, they put more weight on student time and teacher human capital, and less
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elements of skill development that will generally be related to school
attainment. Using average years of schooling as the education measure
in cross-country analyses implicitly assumes that a year of schooling
delivers the same increase in knowledge and skills regardless of the
education quality (Hanushek and Woessmann 2009). For example,
a year of schooling in Argentina is assumed to create the same in-
crease in productive human capital as a year of schooling in Finland
or in Togo. There is overwhelming evidence that this assumption is
hard to be held and the research in developing and growth accounting
has attempted to incorporate differences in the quality of schooling.
An emerging economic literature in developing accounting has made
use of international tests of educational achievement as summary in-
dicators of schooling quality. Combing data from the international
student achievement tests, Hanushek and Kimko (2000) formulate
a measure of cognitive skills based on test scores and find a statisti-
cally and economically significant positive effect of cognitive skills
on economic growth using growth regressions10. Their estimates lies
on a statistical model that relates annual growth rates of real GDP
per capita to the measure of cognitive skills, years of schooling, the
initial level of income, and a variety of other control variables. They
find that adding cognitive skills to a base specification including only
initial income and years of schooling increases the variance in GDP
per capita that can be explained by the model from 33 to 73 percent.
At the same time, the effect of years of schooling falls dramatically
with inclusion of direct performance measures. However, the results
using DA change dramatically. Caselli (2005) uses test score data from
Lee and Barro (2001) as proxy for schooling quality and implement
DA and finds that the success measure does not change substantially.
Although the author mentions that there could be a problem given that
the sample size reduces dramatically given the availability regarding
international test score. Hanushek and Woessmann (2012) propose
a new idea and awarded to resolve the "Latin America puzzle". The

weight on physical capital inputs, they find human capital differences explain only about 10 per
cent of income differences (see Klenow and Rodriguez-Clare 1997 and Hsieh and Klenow 2010).
10 Much research in developing and growth accounting has attempted to incorporate differences
in the quality of schooling. Some authors tried to introduce differences in quality by considering
school inputs. According to this view human capital of one generation, the students, depends on the
human capital of the teachers, the pupil-teacher ratio and others resources invested in education,
such as public expenditure on primary education. However, there is strong evidence that standard
resource input, do not effectively explain student cognitive achievement. Hanushek (2010) finds no
consistent evidence of association between student performance and schools’ resource endowments.
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authors argue that performance of Latin American countries on the
worldwide student achievement tests (like PISA, ,etc.) is not only very
low but also suffer from severe measurement error problems. Because
test efficiency requires the international assessments to focus testing
time on discriminating performance in the vicinity of the international
mean, tests developed for the Organization for Economic Cooperation
and Development (OECD) may not have sufficient test questions to
identify performance at the level of most Latin American countries
reliably. Naturally, this argument can be extended to other countries
with very low performance. The authors introduce a new set of test
scores from regional achievement tests. Hanushek and Woessmann
(2012) claims that once educational achievement is taken into account,
the analysis demonstrates that the pattern of Latin America’s growth is
indistinguishable from growth elsewhere in the world and that intrare-
gional variations in Latin America can be consistently explained by
the same factors. In fact, the authors not only use growth regressions
but also DA and they claim that when human capital is measured con-
sidering regional test variability, the share attributed to human capital
increases from 28 to 59 per cent. However, the authors apply other
changes to DA besides regional tests, i.e. they use a different measure
of success. Taking into account the vast literature that supports the
importance of cognitive skills and the lack of evidence Caselli (2005)
using DA, we use the argument of Hanushek and Woessmann (2012)
to produce new estimations of the contribution of factor of production
to cross-country income differences. Notice, there have been other
authors that measure the role of quality-adjusted years of schooling
in accounting for cross-country output per worker differences. Todd
Schoelman (2012), instead of using international student achievement
tests, uses the returns to schooling of foreign-educated immigrants
in the United States to provide a measure of the education quality of
their birth country. Without controlling for differences in the quality of
schooling he finds that 40 per cent of cross-country income differences
can be accounted to differences in physical and human capital. Once
he allows for differences in the quality of schooling his results do not
change significantly. Therefore, he concludes that more than a half
of the observed cross-country income variation remains unexplained.
Finally, we did not find previous research on DA that uses GRE test
in order to improve the quality measure of the cognitive skills of the
current labor force. Regarding, the dual approach, Hsieh (2002) makes
it very clear that price-based estimates results can reach very differ-
ent conclusions to primal estimates based on data from the national

6



accounts. Notice that Griliches and Jorgenson (1967) demonstrate the
equivalence between the primal and dual growth accounting method-
ologies if data is consistent. Moreover, there is enormous consensus
that output data, particularly GDP, have a huge margin of error. Daw-
son and DeJuan (2001) estimated that values in the Penn World Table,
popularly used in DA exercises, have margins of errors ranging up
to 40 per cent Hoffer et al. (2012). It is very simple to recognize
that measurement problem in GDP data would strongly affect results,
increasing the role of TFP in order to explain the variability in the
output, at least in general cases. A short demonstration is given in the
conceptual framework section. Our proposal is to redefine the produc-
tion function in terms of the marginal product of labour and using data
on wages. We have not found evidence about other paper that uses
this approach. However, we could relate to similar researchers that
focus on marginal product of capital, like Lucas (1990) and Caselli and
Feyrer (2005). Caselli and Feyrer find that marginal products of capital
are remarkably similar across countries and lower capital ratios are
attributable to lower endowments of complementary factors and lower
efficiency, as well as to lower prices of output goods relative to capital.
Our hypothesis, based on the quoted literature, is that GDP from PWT
is inaccurately measured and that using a dual approach, using the
input prices -wages-, the accuracy can be improved. If our assumption
is correct the conclusion is that inputs have a major importance in
order to explain the variability in income per capita between countries.

3 Conceptual Framework

The fundamental analytical tool in developing accounting is the aggre-
gate production function, which maps aggregate input quantities into
output. As most of the authors that practice DA, we use the typical
Cobb-Douglas production function and assume a constant and equal
factor shares across countries. Although in principle one could also
consider changes over time in the shares, the evidence provided by
Bernanke and G¸rkaynak (2002) and Gollin (2002) shows that in gen-
eral there are no important fluctuations in labor shares over time for
a large sample of developed and developing countries. Daude (2012)
shows that accounting for a difference in the production function
parameters seems not to make a significant difference in his results.
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Therefore, this assumption does not seem too restrictive to begin with.
Then, country’s aggregate output is given by:

Y = AKα (Lh)1−α , (1)

where K is the aggregate capital stock and Lh is the quality ad-
justed workforce (i.e. the number of workers L multiplied by their
average human capital). The term A is referred in many ways by the
literature, namely Total Factor Productivity, technology, a measure of
our ignorance, etc. In this study we will refer to it hereafter as the
unobservable efficiency.

Output per-worker is defined as11;

y = Akαh1−α , (2)

where k is the capital/labor ratio (k = K/L). We assume a capital-
elasticity of one-third, which is commonly used in the literature. It
is worth noting that the larger the exponents on k, the larger will be
the impact of the variation in k on the variation in output, y. Yet,
under constant returns to scale these exponents sum one, thus raising
the explanatory power of k by increasing α implies lowering the
explanatory power of h. Because k is more variable across countries
than h, in principle one could increase the explanatory power of factor
of production by increasing α (see Caselli 2005)12.

4 Human Capital

Specifically, to adjust human capital for differences in the quality
across countries we consider differences in schooling and cognitive

11 Few practitioners of development accounting have considered hours worked per person, the
concept of labor input one would ideally like to use in the calculations. Olivier Blanchard (2004)
and Prescott (2004) attribute the greater part of the income differences across G7 in the mid-1990s
to differences in hours worked per person. However, Caselli (2005) does not find people work
systematically more in high-income versus low-income countries. What is more, he finds that,
contrary to common perceptions, unemployment rates are not higher in poorer countries. Thus,
it does not seem likely that considering differences in hours worked would lead to a significant
increase in the explanatory power of factor of production in accounting cross-country income
differences. An important caveat to Caselli’s (2005) results is that there is little data on hours
worked per worker outside the manufacturing (or at least urban) sector in developing countries.
Moreover, Daude (2012) finds no significant changes in his development accounting calculations
when he uses output per hours worked instead of output per worker.
12 Notice that compared to regression research; this accounting approach does not require that the
unobservable efficiency be orthogonal to physical or human capital.
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skills, identified by test scores. Drawing on Caselli (2005), we use the
following model of human capital:

h = exp(φss+φττ) (3)

where s corresponds to average years of schooling in the working-
age population and t is test score. The coefficients φs and φτ map dif-
ferences in schooling and cognitive skill respectively into differences
in human capital. The aggregation of prior test information to create a
composite for each country involves empirical calibration. First, the re-
lationship between test scores and human capital can be translated into
a relationship between test scores and wages: a unit increase in test
scores implies a φτ proportional increase on earnings. Yet, evaluating
the impact of cognitive skills on individual earnings has always been
difficult because of data availability issues. Most work in earnings de-
termination has relied just on school attainment, in large part because
individual earnings and school attainment are frequently collected
together in population censuses (Hanushek and Woessmann 2011).
Hence, for example, the world survey of Psacharopoulos and Patrinos
(2004) and Banerjee and Duflo (2005) provide standard Mincerian
estimates of the return to schooling for a large sample of countries.
Following Caselli (2005), we assume φs is a piecewise linear function
with slope 0.13 if s≤4, 0.10 if 4<s≤8, and 0.07 if 8<s.13. Since the
wage-schooling relationship is widely thought to be log-linear, this
requires a log-linear relationship between human capital and schooling
as well. However, international evidence on education-wage patterns
suggests that in Sub-Saharan Africa (which has the lowest levels of
education) the return to one extra years of education is about 13,4
per cent, the World average is 10.1 per cent, and the OECD average
is 6,8 per cent. Thereby, the measure of human capital formulated
by Caselli (2005) tries to incorporate the log-linearity at the country
level with the convexity across countries. There are also studies that
have estimated returns to cognitive skills. Following Hanushek and
Woessmann (2012), we use the estimation of the return to cognitive
skills provided by Hanushek and Zhang (2009). Adding cognitive
skills proxied by the International Adult Literacy test scores (IAELS)
as a regressor to a standard Mincer equation they estimate the valuation
of the labour market of cognitive skills for 13 countries. They find that
one-standard- deviation increase in the literacy score increases annual

13 In particular the function φs is defined as: φs= 0,134×s if s≤4, φs= 0,134×s + 0,101×(s-4) if 4
<s≤8, φs= 0,1344 + 0,101×4 + 0,068×(s-8) if 8<s.
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earnings by 20 per cent in the United States. Therefore, we assume φτ

= 0.20.

5 Measure of success

To assess how successful are the productive factors in explaining cross-
country income variation we follow the usual measure. With data on k
and h and a choice for a, it is possible to redefine equation (2) as:

y = Aykh (4)

where ykh=kαh1−α is called the factor-only model. Thus, the only
unknown component in equation (4) is A.

Applying variance decomposition in (4):

var[log(y)]= var[log(ykh)]+var[log(A)]+2cov[log(ykh), log(A)](5)

The exercise of developing accounting in this work consist of
compare the observed differences in ykh to the observed differences in
income. Then, we answer the question about what would the world
income distribution be if all countries had the same level of efficiency.
This assumption implies var[log(A)] = 2cov[log(ykh), log(A)] = 0. As
a result, the measure of success is given by;

success =
var[log(ykh)]

var[log(y)]
(6)

Notice, some authors choose different measures with no innocuous
consequences in the conclusions. In fact, Klenow and Rodriguez-Clare
(1997) propose the alternative measure14:

successKR =
var[log(ykh)]+ cov[log(ykh), log(A)]

var[log(y)]
(7)

This measure differs from equation (6) for the covariance term in
the numerator.

14 Notice, Hanushek and Woessmann (2012) also use this success measure.
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6 Combining Regional with International Tests

Even though international tests, such as the Programme for Interna-
tional Student Assessment (PISA) and the Trends in International
Mathematics and Science Study (TIMSS), have expanded dramati-
cally, only a few of Latin American countries have ever participated
in any of this international tests (Argentina, Brazil, Chile, Colombia,
Mexico, Peru, and Uruguay). Furthermore, before 2000, only Chile
and Colombia participated in any of these international assessments.
Moreover, their performance have been relatively poor compared with
developed and even with many developing countries, a fact point out
by Hanushek and Woessmann (2012) and illustrated in Figure 4. For
instance, in 2002, Peru was last in the ranking, whereas Argentina and
Chile were between 6th and 8th from the bottom, followed only by
Albania, Indonesia and Macedonia. What is more, in the PISA 2006
round, only six Latin American countries participated: four of them
were among the last ten in the ranking of the 57 participating countries.
Chile was the only Latin American country that has ever been in the
top 4015.

Figure 1: 2011 PPP GDP per worker vs. Educational Achievement on International Tests

At the same time, the unsatisfying performance of the Latin Amer-
ican region on the international achievement tests involves a seri-

15 For general discussion of this issue follow Hanushek and Woessmann 2011 and 2012.
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ous problem concerning the intraregional analysis of the educational
achievement. Hanushek and Woessmann (2012) argue that the inter-
national tests are designed primarily for developed countries (who
generally conduct the testing), therefore accurately locate student near
the OECD mean. Hence, its questionnaire generates certain deficien-
cies to discriminate among performances in the tails of the distribution.
That is to say, international testing, such as PISA, does not properly
measure the variability within the region of Latin America, and con-
sequently between developing and developed countries. As a result,
the differences reported among Latin American countries contain con-
siderable noise. Given the constraints of the international tests (i.e.
PISA and TIMSS), following Hanushek and Woessmann (2012), we
combine the international test with the regional achievement tests that
are specially designed for Latin American countries, with the purpose
of constructing a more reliable measure of human capital16. We adopt
the same splicing procedure carried out by Hanushek and Woessmann
(2012), which comprises a number of straightforward steps17. First,
using the average of math and reading performance of the older cohort
in PERCE, SERCE and TERCE, we standardize each test to have
mean zero and standard deviation one among the seven countries that
participates in the three tests and calculate the simple average of a
country’s performance on them18. As a second step, the mean of the
combined regional tests is re-scaled so that the seven Latin American
countries that participated in both the regional and international tests
have the same mean performance that they have on the global test.
Finally, the regional tests are again re-scaled so that the seven Latin
American countries that also participated in the global tests have the
same cross-country standard deviation that they have on the global
tests. Hanushek and Woessmann (2012) claim that this method su-
perimposes the distributional information from international tests into
the regional tests but uses regional test scores to more precisely locate
each Latin American country within the region.

16 Regional tests are from the Laboratorio Latinoamericano de EvaluaciÛn de la Calidad de la
EducaciÛn (LLECE), which conducted three test: PERCE in 1997, SERCE in 2006 and TERCE in
2013.
17 See Hanushek and Woessmann (2012) for a complete description of the methodology.
18 Comparing with Hanushek and Woessmann (2012) we introduce in the analysis the TERCE
study that is available since April 2015.
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7 DA: Dual approach

7.1 A simple case of measurement error in DA

It is very simple to recognize that classical measurement error in GDP
data will affect DA results, diminishing the measure of success and,
overestimating the role of TFP. Suppose the typical Cobb-Douglas
production function (presented in equation 1):

y∗i = AiKα
i L1−α

i (8)

ln(y∗i ) = ln(Ai)+ ln(y∗KL) (9)

Assume KI and Li(ln(y∗KL)) is observed, accurately measured, but
ln(y∗i ) is observed with error, call it νi. Specifically GDP from PWT
is:

ln(yi) = ln(y∗i )+νi (10)

We assume the measurement error νi is w.n., uncorrelated with
ln(y∗). Then, the "correct", but unobserved, success measure is defined
as:

Success∗1 =
var[ln(y∗KL)]

var[ln(y∗i )]
(11)

On the other hand, the observable measure of success 1 is defined
by:

Success1 =
var[ln(y∗KL)]

var[ln(yi)]
(12)

Success1 =
var[ln(y∗KL)]

var[ln(y∗i )]+ var[ln(νi)]+2cov[lny∗i , ln(νi)]
(13)

Success1 =
var[ln(y∗KL)]

var[ln(y∗i )]+ var[ln(νi)]
(14)

Then, the measure of success is underestimated since:

Success∗1 ≤ Success1

Our hypothesis, based on the quoted literature, is that GDP from PWT
is inaccurately measured and that using a dual approach, using the
input prices -wages-, the accuracy can be improved. If our assumption
is correct the conclusion is that observable inputs have a major impor-
tance in order to explain the variability in income per capita between
countries.

13



7.2 DA using wages

Differentiating the typical Cobb-Douglas production function (equa-
tion 1) with respect to labor and specifying the production function in
the intensive form (i.e. expressing input and output quantities in per
worker terms), the following expression is obtained:

FL = A(1−α)kαh1−α (15)

We assume that social marginal product can be measured by ob-
served factor prices:

w0 = A(1−α)ykh (16)

Where w0 represents unskilled wages, corresponding to un-
schooled individuals, the value of which is derived from the average
salary and ykh=kαh1−α 19. Taking logarithms of the previous equation:

ln(w0) = ln(A)+ ln(1−α)ln(ykh) (17)

Variance decomposition is carried out in the following step, assum-
ing α constant and equal for all countries under study20.

var[ln(w0)]= var[ln(A)]+var[ln(ykh)]= 2cov[ln(A), ln(ykh)](18)

Considering that the original question is how much of the differ-
ence in output can be explained by input difference, if all the countries
had the same TFP:

var[ln(A)] = cov[ln(A), ln(ykh)] = 0 (19)

Then, a measure of success is defined as:

success =
var[ln(ykh)]

var[ln(w0)]
(20)

Usually data regarding w0 is not observable, or at least available,
but we do find data regarding average wages. Then, using schooling,
we can obtain:

ω = w0erS (21)

Where r is the return of an additional year of schooling and S is
average schooling in each country21.

19 y = Y
L = Akα h1−α = Aykh

20 See the discussion regarding this specification in the previous section.
21 We use the same methodology describe previously regarding human capital (Caselli (2005)
piecewise linear function).
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7.3 A consistent comparison between primal and dual approach

Notice traditionally DA exercise measures the success for GDP, us-
ing national account data, while our approach measures the success
for marginal product of labor, using wages from market information.
Then, we are changing two variables, the output measure and the
database. As a result it is incorrect to compare dual approach DA
success measure with traditionally DA measures of success and make
inferences22.

In order to compare results from the dual approach with the primal
approach we need to define the same output measure. Then we define
equation 15 (FL = A(1−α)kαh1−α ) through two expressions, one
that uses National accounts measures and the other wages from market
information:

FL =A(1−α)kαh1−α = (1−α)Y
L (national account, primal approach)

FL = A(1−α)kαh1−α = w0 (data on wages, dual approach)

Then, the two success measures are defined by:

SuccessFL primal
1 =

var[log(FL,KH)]

var[log((1−α)Y
L )]

(22)

vs.

SuccessFLdual
1 =

var[log(FL,KH)]

var[log(w)]
(23)

8 Data

To construct the dataset used in this research we mainly draw on four
sources. For national accounts, we use the Penn World Table [PWT
8.1- Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015)]
to extract aggregate output (Y ), capital stock (K) and labour force
(L)23. To construct human capital, we use from Barro and Lee (2014)
average years of schooling on the population over 25 years old in 2011

22 SuccessY
1 =

var[ln(y∗KL)]
var[ln(yi)]

vs. SuccessFL
1 =

var[ln(FL,KH )]

var[ln(FL)]
23 Y , as real GDP at current PPP (the variable is called cgdpo), capital stock, K, at current PPP
(the variable is called ck), and then we measure labour force as the number or persons engaged
(the variable is called emp). To compute output and capital per-worker, y and k, we divide Y and K
respectively by the number of workers, L.
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and from Hanushek and Woessmann (2009) cognitive skills measures.
Hanushek and Woessmann (2009) develop a measure of educational
performance that consists in a simple average of a large series of stan-
dardized math and science test scores of international achievement
test for 77 countries that ever participated in any of these tests over a
40-year period. We also use UNDP data about the average years of
schooling from United Nation Human Development Reports. With
respect to regional achievement test, the Laboratorio Latinoamericano
de la Evaluacion de la Calidad de la Educacion (LLECE) -association
between UNESCO with countries of the region- developed tests of
math, reading and science. In 1997 the LLECE implemented the "First
International Comparative and Explanatory Study" (Primer Estudio
Regional Comparativo y Explicativo), PERCE. This study assessed
educational performance of students in third and fourth grades in math
and language. Then, in 2006 the LLECE implemented the "Second
International Comparative and Explanatory Study" (Segundo Estudio
Regional Comparativo y Explicativo), SERCE. This study assessed
learning achievement among third and sixth grade students across 16
countries. Questions addressed skills in mathematics, reading, writing
and natural sciences. SERCE became the largest learning achieve-
ment study ever implemented in Latin America and the Caribbean.
Finally, in 2013, the LLECE applied the "Third International Compar-
ative and Explanatory Study" (Tercer Estudio Regional Comparativo
y Explicativo), TERCE, in which 15 countries took part (Argentina,
Brazil, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador,
Guatemala, Honduras, Mexico, Nicaragua, Panama, Paraguay, Peru
and Uruguay). Like its predecessors, PERCE and SERCE, TERCE
applies tests regarding common elements of the school curricula in the
region such as mathematics, language, writing and natural sciences to
pupils in third and sixth grades primary school. Jointly, the three tests
cover a total of 16 Latin American countries, which is a considerable
expansion compared to the seven Latin American countries that ever
participated in an international test. Finally, data corresponding to
average wages were obtained from OECD.Stat (from Organization for
Economic Co-operation and Development) for year 2014 and from
UNECE Statistical Database adjusted using inflation rate for USA to
express wages on values of 2005 and PPP indexes from WDI World
Bank.
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9 Results

9.1 DA Hanushek and Woessmann adjust by educational qual-
ity

Table 1 reports the share of 2011 cross-country income variation that
is attributable to variation in productive factors. Many things are worth
noting. As expected, the measure of success is significantly higher
once differences in educational achievements are accounted. If human
capital is measured only by average schooling, the factor only model
explains just 37 per cent of cross-country output variation. However,
once differences in cognitive skills are included as part of human capi-
tal variation, success measure rises to 57 per cent. Caselli (2005) uses
data on test scores provided by Lee and Barro (2001), who observes
for several countries data on multiple tests and for multiple grades, at
different dates. His results suggest that using test scores as proxies
for schooling quality cannot substantially improve the performance
of the factor-only model24. The most intriguing result in this study
is that, apparently, the adjustment of human capital by regional tests
does not generate any contribution to the measure of success: the
value of the success measure takes the same value (57 per cent) once
I correct for regional tests. Therefore, the hypothesis of Hanushek
and Woessmann, and the procedure they suggest to splice regional
tests into the worldwide tests does not produce any contribution to
this exercise of development accounting. What is more, when we
add 9 Latin American countries to the test sample, success falls to
41 per cent25. Therefore, efficiency still plays a very important role
in explaining differences of income across countries. Hanushek and
Woessmann (2012) find that accounting for educational achievement
in the human capital measure raises the share of income variation
attributed to human capital from 24 to 39 per cent.

24 According to Caselli (2005), the fit of the factor-only model increases with the assumed value of
α . Moreover, the high sensitivity of the success measure, particularly around α=1/3, imply that the
capital-elasticity is a "sensitive choice" in developing accounting.
25 Using LLECE exams allows to incorporate some Latin American countries that have not partici-
pated in any international tests: Bolivia, Costa Rica, Ecuador, El Salvador, Guatemala, Honduras,
Panama, Paraguay and Venezuela.
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Table 1: Summary of results
N var[log(y)] var[log(ykh)] Success

Schooling and Physical Capital 59 0.49 0.18 0.37
Test Sample 59 0.49 0.28 0.57
Spliced Test Sample 59 0.49 0.28 0.57
Expanded Spliced Test Sample 68 0.73 0.31 0.43

9.2 DA Hanushek and Woessmann adjust by educational qual-
ity using GRE

On the whole, international test assess cognitive skills of primary
school children. Hence, the typical and implicit assumption when us-
ing test scores as proxy of cognitive skills of the aggregate labor force
is that the quality of schooling is constant, or at least evolves slowly
over time. In practice, not necessarily it must be that the cognitive
skills of the children who have taken the international assessment co-
incide with the cognitive skills of the current stock of workers. In fact,
it is highly probable that international tests reflect the cognitive skills
of people who have not joined the labor force as of 2011. As a way
of addressing this issue we repeat the basic development accounting
exercise, but instead of using scores from primary school assessments
to account for differences in education quality, we use General Record
Examination (GRE) revised General Test scores. This exam has the
particularity that is mainly taken by recent college graduates. The GRE
test is a standardize exam that is an admission requirement in many
graduate schools around the world. Administered by the Educational
Testing Service (ETS), it measures verbal and quantitative reasoning
as well as critical and analytical writing skills that have been acquired
along an extended period of time. Using GRE scores to approximate
cognitive skill of current labor force faces one difficulty, however,
because this test, which is taken by recent college graduates, are not
taken by representative samples. GRE is a test primarily taken by
students applying for admission to graduate and professional schools
(Bishop 1989). The share of college graduates and final year college
students that took this exam between 2011 and 2012 is about 30 per
cent, from which the 40 per cent pursued a Master Degree. We use
the estimations of the returns to GRE test scores reported by Song and
Orazem (2007), the coefficient tau from equation (3) that maps the
differences in GRE scores into differences in human capital. Their
Two-stage estimation of the regression of log earnings on GRE test
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scores suggests that there is a significant positive return to majors
with higher GRE quantitative performance: a 10-point increase in the
quantitative GRE score raises earnings by 2 per cent26.

Table 2: Results of the education quality adjustment using GRE
N var[log(y)] var[log(ykh)] Success

GRE Test Sample 68 0.74 0.28 0.38
Expanded Spliced Test Sample 68 0.73 0.31 0.43

Table 2 shows that the value of success does not change dramat-
ically when differences in educational quality are accounted by the
GRE revised General Test scores. In fact success variable is lower.
Notice we do expect these results since we assume sample selection
bias has to be a more severe problem in poor economies.

9.3 DA dual approach

Table 3 presents the results for primal and dual estimations using
UNDP and Barro & Lee data for the years of education. The success
measure using the dual approach improves between 0.05 (UNDP data)
and 0.08 (Barro & Lee data) percentage points compared to the primal
approach. Notice that it is not a minor variation, since its 50 per cent
of the variation explained by average years of schooling. However, the
results suggest that the efficiency gap is still present.

Table 3: Dual and primal estimations results
UNDP Barro & Lee

Dual Primal Dual Primal
var[log(FL,KL)] 0.13 0.13
var[log(FL)] 0.30 0.37 0.33 0.37
SuccessFL,KH 0.42 0.34 0.39 0.34
N 51 46

26 However, since test score used by Song and Orazem (2007) are reported on the prior 200-800
scales in 10-points increments, and the one used in this study are reported on the current 130-170
scales in 1-point increments, the implied coefficient on the GRE revised test for the purpose of
constructing h is 0,0021(600/40)=0,0315.
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10 Conclusions

Explaining disparities in economic performance is one of the fun-
damental challenges in economics. There is certain consensus in
Developing Accounting literature that efficiency plays a major role,
"differences in efficiency account for at least 50 per cent of differences
in per capita income" (Caselli, 2005). However, for many authors
efficiency is still a measure of our ignorance and in this paper we try
to diminish this percentage. Hanushek and Woessmann (2012) argue
that using worldwide tests to assess the academic performance of stu-
dents from poor countries is subject to severe measurement errors and
propose using regional achievement test design in order to widen the
number of countries and to measure more consistently cognitive skills
of the students. The authors are very optimistic regarding this method-
ology and claim that the difference in Latin American performance
can be explained whit this approach. We test this methodology using
traditionally DA and our results are completely different; we do not
find significant improvement in the success measure. As a robustness
exercise we use General Record Examination (GRE) test, widely taken
by recent graduates, to account for differences in education quality,
considering that GRE test results can more accurately measure the
cognitive skills of the current labor force. Results were very similar to
previous estimations, in fact the success variable is lower, as we could
expect. Moreover we develop a second path to improve the response
to this question. We use a dual approach, based on prices, like Hsieh
(2002) in growth accounting, to estimate DA. Notice that in Growth
Accounting results obtained from both methods were considerably
different for some economies and DA generally uses national account
data and there is certain consensus that GDP data have a huge mar-
gin of error. Our results are consistent with this hypothesis; success
measure improves more than ten percent. However, still differences
in efficiency account for approximately 50 per cent of differences in
per capita income but we consider our research has contributed to the
robustness of this result.
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