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ABSTRACT

Our main goal is to ascertain whether investment in human capital through education (without
differentiation, by gender, with gender gaps) can explain the steady state growth productivity levels and a
potential convergence process in a sample of Latin American developing countries (Costa Rica,
Dominican Republic, El Salvador, Guatemala, Haiti, Honduras, Jamaica, Mexico, Nicaragua, Panama,
Trinidad&Tobago, Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Guyana, Paraguay, Peru, Uruguay
and Venezuela). These countries will also be integrated in a larger sample with developed countries from
Europe (Austria, Belgium, Denmark, Finland, France, the former Federal Republic of Germany, Greece,
Ireland, Italy, the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and the United Kingdom).

We consider a neoclassical growth model with human capital as did Mankiw, Romer and Weil
(1992) and later Knowles, Lorgelly and Owen (1998) who include both female and male education and
gender gaps in education levels as explanatory variables. The consideration of human capital by gender
and the quantification of its influence appear of major importance in the developing countries if the
education of women in these countries produces positive social benefits. In these circumstances the
educational policies by gender should be supported because, ceteris paribus, an increase in the levels of
female schooling will produce positive total effects in the form of higher productivity levels.

The empirical analysis is based on panel data and the following estimation procedures are used:
ordinary least squares (OLS), non linear least squares (NLLS), ordinary least squares with dummy
variables (LSDV), ordinary least squares with first differences (OLSD) and non linear least squares with
dummy variables (NLLSDV). We first present the results for the productivity equations and then for the
convergence equations, considering our two samples and the different estimation procedures. The use of
different samples and estimation techniques is intended to make our analysis more robust.
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1 - Introduction

This presentation is part of a larger research project on human capital and its
influence in economic growth. The aim of the project is twofold: to control for the
quality of the data on human capital and its potential measures and to determine the
most correct specification for the estimated equations which are derived from different
theoretical growth models.

In this presentation we are trying to determine whether the Solow-Swan
neoclassical growth model with human capital (known as the augmented Solow model)
constitutes an immunisation of the 1956 model. This is why we introduce human
capital in our model and analyse (theoretically and empirically) the determinants of the
steady state growth equilibrium productivity levels and transition valuesin its presence.
Asfar as the methodology used is concerned we consider solely the externa critics to
the theory and ignore the internal ones.

Our main goal is therefore to determine whether investment in human capital
through education (without differentiation, by gender, with gender gaps) can explain
the steady state growth productivity levels and a potential convergence process in a
sample of Latin American developing countries (Costa Rica, Dominican Republic, El
Salvador, Guatemala, Haiti, Honduras, Jamaica, Mexico, Nicaragua, Panama,
Trinidad& Tobago, Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Guyana,
Paraguay, Peru, Uruguay and Venezuela). These countries will also be integrated in a
larger sample with developed countries from Europe (Austria, Belgium, Denmark,
Finland, France, the former Federal Republic of Germany, Greece, Ireland, Italy, the
Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and the United Kingdom).

The empirical analysis is based on panel data and the following estimation
procedures are used: ordinary least squares (OLS), non linear least squares (NLLS),
ordinary least squares with dummy variables (LSDV), ordinary least squares with first
differences (OLSD) and non linear least squares with dummy variables (NLLSDV).
We first present the results for the productivity equations and after for the convergence
eguations, considering our two samples and the different estimation procedures. The
use of different samples and estimation techniques will, in our opinion, make our
analysis more robust.

The consideration of human capital by gender and the quantification of its
influence appear of major importance in the developing countries if the education of

women in these countries produces positive socia benefits. In these circumstances the

G.EM.F.-FEU.C. 2



Human capital investment through education and economic growth Adelaide Duarte and Marta Simdes

education policies by gender should be supported because, ceteris paribus, just how is
pointed out by Knowles, Lorgelly andOwen (1998)*, an increase in the levels of female
schooling will produce positive total effectsin the form of higher productivity levels®.

Aren’'t these policies supported by the beautiful African proverb that says,

«If we educate a boy, we educate one person. If we educate a girl, we educate a
family — and the whole nation.»*

The presentation consists of six sections. In the first section, “Introduction”, we
define what we are trying to analyse and the methodology used. In section 2, “The
resurgence of the neoclassical growth theory”, we describe the theoretical bases of our
work considering three aspects. the family of growth models used, the empirical
methodology applied and, finally, the specific model that supports our estimates. In
section 3, «Description of the twenty two Latin American countries», we briefly
describe the financial and economic situation of our sample. We aso define the data
used on our estimates. Section 4, “Empirical analysis’, is dedicated to the presentation
of the results of our estimates as far as productivity and convergence equations are
concerned. We consider for each equation two different samples and apply each of the
five estimation methods mentioned above. “Analysis of the empirical results’ is the
title of section 5 where we interpret the results from the point of view of the influence
of the different human capital variables used. Finaly, on section 6, we conclude.

2 — The resurgence of the neoclassical growth theory

The theoretical framework of our analysis will be presented considering three
aspects. the family of growth models where it belongs as far as modern growth theory
Is concerned; the empirical methodology applied and, finally, the description of the

specific model that supports our estimates.

! Positive socia benefits through the reduction of fertility, child mortality, and through the amelioration of
family health levels, the rising of life expectancy and better school results. (Knowles, Lorgelly and Owen,
1998, p. 3).

2 This iswell expressed in the following statement taken from http://www.girlseducation.org/, the WWW
site for The Partnership on Sustainable Strategies for Girls Education: «Girls' education is one of the
most effective development investments a country can make. When a country educates its girls, it raises
economic productivity, lowers maternal and infant mortality, reduces fertility rates, improves the health,
well-being, and educational prospects of the next generation, promotes sounder management of
environmental resources, and reduces poverty. It also meets a basic human right. Yet, today girls
participation in school remains low in many countries, often lagging well behind boys' participation
rates. It is estimated that of the 150 million children aged 6 to 11 years who are not in school, over 90
million are girls. In some countries, where gender disparities in educational opportunities are especially
large, boys are almost twice aslikely as girls to be enrolled in primary/basic education. Improving girls
educational opportunities isthus an important challenge for the global community».

® African proverb cited by J. Wolsensohen, in «\WWomen and the Transformation of the 21st Century », Address
to the Fourth UN Conference on Women, Beijing, 1995

G.EM.F.-FEU.C. 3



Human capital investment through education and economic growth Adelaide Duarte and Marta Simdes

2.1 — The theoretical framework

Growth theory gained a new breath in the mid 80’s. This can be explained both
on theoretical and on empirical grounds. Since the Solow-Swan model considered
exogenous technological progress but pointed it as the major condition for growth, the
most natural theoretical development would be to try and endogenize technological
progress. Another major reason was the advances produced by Paul Krugman within
international economics that were applied to growth theory by, for instance, Romer
(1986) and Lucas (1988), such as non diminishing returnsto scale.

Bur there were also empirical reasons for the regain of interest by growth theory.
Maddison (1982), Summers and Heston (1991) and Barro and Lee (1993) constructed
data bases with the major growth variables that could lead to international comparisons
over long time periods. This lead to the elaboration of many empirical studies within
growth economics aimed mainly at testing the predictions of the Solow-Swan model
with technological progress as far as output per capita levels and growth rates are
concerned.

The early studies consisted of cross-section regressions such as those of Barro
(1991), Barro and Sala-I-Martin (1992), Mankiw, Romer and Weil (1992), Levine and
Renelt (1992), Knowles and Owen (1995), Nonneman and Vanhoudt (1996), Murthy
and Chien (1997), A.Fuente (1995a,b) and, with dlightly different objectives, those of
Baumol (1986) and Abramovitz (1986). Some of these studies considered that the
economies in the different samples had the same structural parameters. This meant,
according to the predictions of the Solow-Swan model, that the economies with lower
initial levels of per capita capital stock (poorer economies) would growth faster than
the initially richer economies during the transition to the steady state growth
equilibrium situation. In the long run, all the economies would show the same levels
and growth rates of real output per capita. These predictions were confirmed by the
studies based on samples with homogenous countries like the OECD countries, but not
by the studies that considered samples with both devel oped and devel oping countries.

The convergence mechanism based on diminishing margina returns to scale
seemed therefore not to be a valid explanation for the growth processes. It is not
surprising thus that some economists considered that the devel opment of growth theory
should be made through the path of endogenous growth. However, the above
mentioned empirical results generated a large controversy between the endogenous

growth economists and the exogenous growth economists. The latter defended that
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those results do not invalidate the Solow-Swan model since the model only leads to the
described predictions if identical structural parameters are considered for the different
economies — they call this absolute or unconditional convergence. Barro and Sala-i-
Martin (1991) developed a new convergence concept called conditional convergence. If
one controls for the structural differences of the economies then the model predictions
still apply. During the transition period it is possible therefore to have initially richer
economies growing faster than initially poorer economies while in the steady state
growth equilibrium situation there will be an equalisation of real output per unit of
efficient labour growth rates but not of itslevels. The difference between the latter will
however remain constant.

2.2 — The empirical framework

Another major reason for the development of growth theory inthe 80’ slieson yet
another empirical result, obtained by the above mentioned studies, that also seemed to
invalidate the Solow-Swan model. In fact, if the introduction of the conditional
convergence concept (also known as conditional b convergence) alowed to accept the
qualitative predictions of the model the same could not be said about its quantitative
predictions. In the early studies the estimated speed of convergence was quite low
(around 2% per year) and lead to an estimated value of the capital share that was too
high in comparison to the values obtained through the National Accounts (NA).

The next step was therefore to try and reformulate the Solow-Swan model in
order to improve its quantitative predictions. This was first done by Mankiw, Romer
and Weil (1992) through the consideration of another production factor, human
capital®. The model became known as the Augmented Solow Model. This model
improved the quantitative predictions of the Solow-Swan model since it allowed for
estimated values of the capital share similar to the ones obtained through the NA. Barro
and Sala-1-Martin (1995) changed in the same way the Cass-K oopmans-Ramsey model.

Asfar asthe empirical methodology used in these studies is concerned they were
mainly based on cross section data used to estimate equations for the steady state
growth equilibrium values of the productivity levels or convergence equations with
Ordinary Least Squares (OLS) or Non Linear Least Squares (NLLS). But these
methods were the object of several criticismswhich lead to the utilisation of panel data.

First, panel data allows us to use a higher number of observations which is especially

* For adefinition of human capital please refer to, Pritchett (1999), p5, footnote on page 4. Since we want to
determine the influence of human capital through education we do not consider health factorsincluded in the
variable human capital but asadifferent variable.

G.EM.F.-FEU.C. 5



Human capital investment through education and economic growth Adelaide Duarte and Marta Simdes

useful for small samples. Second, it is possible to overcome the problem of biased
estimators due to the presence of specific effects to each country. In the presence of
specific effects the estimations will suffer from the omitted variable problem since they
consider that A(0), the initial level of technology, non observable, is the same across
the sample. If at least one of the estimators is correlated with A(0) then it will be
biased. For instance, the less efficient countries are likely to be the ones with lower
investment rates.

This problem can be solved using Least Squares with Dummy Variables (LSDV)
which means considering a dummy variable for each country that represents the
specific effect (initial technological level) to that country. The time specific effects can
be treated in the same way although we have not done it due to the reduced dimension
of our samples. Another possible way to eliminate the bias due to specific effects to the
countriesisto apply OLSto the first differences of the variables. We call this method
OLSD (Ordinary Least Squaresto the Differences).

Islam (1995) used the Minimum Distance method of Chamberlain to determine
the specific effects in order to solve for the endogeneity problem that is usually
associated to specific effects. This can happen because the specific effects are
correlated with the exogenous variables which must therefore be replaced by
instrumental variables. The problem lies afterwards in the choice of those instrumental
variables.

There are al so other problems associated with the utilisation of cross section data:
heterogeneous parameters, the presence of outliers, uncertainty about the model
specification, endogenous estimators and measurement errors. All these problems are
better dealt with by using panel data since it allows for more degrees of freedom than
the cross section analysis for the same period.

One must not think however that panel data analysis does not present any
problems. Let us point out a criticism made by Durlauf and Quah (1998, p.53). If the
specific effects are eliminated by centring the variables then we are eliminating just
what we are trying to explain, the changes of the real output growth rate between the
several countries.

Turning once again to the Augmented Solow model we must point out that the
inclusion of human capital presents some difficulties. Human capital in the form of
education is quite difficult to measure specialy if we consider it as a stock variable.

Since the investment in education is made not only by the Government but also by the
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students and their familiesit is quite difficult to measure all these contributions. Thisis
why, in most of the current empirical studies, the enrolment rates for the different
education levels, which are proxies for the investment rates in human capital through
education, were replaced by proxies for the steady state level of the human capital
through education variables, such as the average schooling years of the population with
15 years of age and more®. On the other hand, the quality of the data on human capital
may not be very good®. When, for instance, in some developing countries, average
schooling years rise a lot that doesn’t mean necessarily that they will show a higher
steady state productivity level because this kind of data doesn’t control for the quality
of education. In panel data analysis this may lead to estimated parameters on education
statistically significant but with the wrong sign. For instance, the results may lead to the
conclusion that higher levels of education lead to lower steady state productivity levels
which is exactly the opposite of what the theory predicts. With the aim of eliminating
these kind of problems some recent studies are dedicated to the improvement of the
human capital proxies through the construction of better data bases for this variable,
like those of Barro and Lee (1996, 2000) and Angel de la Fuente (2000).

Another point is that made by Angel de la Fuente (2000) who considers that the
results of the panel data studies for convergence equations with human capital can at
times be deceiving because the model is not correctly specified. He thinks that the
initial technological levels can not be considered the same across all countries or non
observable, but must be explained within the model.

In the author’s opinion a model correctly specified implies considering both
exogenous and endogenous characteristics that alow to control for two kinds of
convergence mechanisms: one based on diminishing returnsto factor accumulation (the
one considered by the Solow-Swan model and the Augmented Solow model) and the
other based on atechnological catch up effect. The latter impliesthat acountry that isa
technological follower has a potential for faster growth than a country which is a
technological leader since it can benefit from the leaders inventions through imitation.
If the follower isindeed able to implement the imitations then we can say that thereis

technological diffusion and that there has been convergence due to technological catch

up.

® Robert Solow considers that first of all one must decide on which measure of human capital to use. For him,
learning is not ameasure of human capital but an input to human capital production. See Solow (2000), p.154.
® See Pritchett (1999), p.3.
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This model proposed by Angel de la Fuente enables us to improve the
guantitative predictions of convergence, since it alows for higher speeds of
convergence, due mostly to the consideration of the technological diffusion
mechanism. The model was the developed by the author in Angel de la Fuente (1995)
and is based on the models of Barro and Sala-I-Martin (1992) and MRW (1992) as far
as the diminishing marginal returns convergence mechanisms is concerned. As for the
technological catch up convergence mechanism it was based on the model developed
by Dowrick and Nguyen (1989)". We think that this kind of analysis is quite promising
but in order to be able to apply it to our sample we must have adequate proxies for the
technological differentials, a non observable variable. At the moment this is not yet
possible.

2.3 — The theoretical model behind our estimates

This model was developed by Kowles, Owen and Lorgelly (1998) and can be
considered an extension of the MRW (1992) model. In it is made a distinction between
human capital based on education and human capital based on health factors. Also,
human capital based on education is distinguished by gender. In the version that
considers the education gender gap only one kind of human capital based on education

can be considered, male or female.

2.3.1 —Hypothesis and types of solutions
The aggregate production function used is:

Yit :KitaHfitbemitmeitj(Aitl—it)l_a_b_j 1)

The variables considered are defined in the following way: Y — Real GDP for
country i on the datet, Kj; — stock of physical capital, Hi — stock of female educational
human capital, H— stock of male educational human capital, X; — stock of health
human capital, a, br, by etj the shares of physical capital, female educational human
capital, male educational human capital and health capital, respectively; Ai- the
technological level and L;—the labour force.

Due to the hypothesis of constant returns to scale the aggregate production
function can be written in units of efficient labour:

" Zvi Griliches thinks that the neoclassical theory has had great difficulty in treating the technological
diffusion question because it implies a transition theory, that is, a desequilibrium theory. He also reminds us
that one must not take average values for technological frontiers. For abetter understanding on this subject see
Krueger and Taylor (2000) p. 180.
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: v

Vit = Kit hgid” h i x) it avecyj = —1t (2)
ALt

The labour force and the technological level grow exponentially at exogenous

and constant growth rates:

Ly =L,,e" 3)

A =Ae’ "igi=g (4)
The accumulation of physical capital, female educational human capital, male

educational human capital and health capital are given by?:

Kit =S Vi - (0 + g+ d)k, (5)
hmzshfiyit- (n, + g+d)hy;, (6)
Amit =Sy Vi - (N + g+ d)h e 7)
kit:sxiyit- (n, + g+ d)x,, (8)

If we consider diminishing marginal returns to scale to the factors that can be
accumulated (a+br+bntj <1), we can say that there is a steady state solution to our

model. In the long run the equilibrium levels of the factors (*) are given by:

1

b -b,-j o b bne | &7
. B " " Shi, Shm, "S

' é n,+g+d p
. H ..1
h - :%kiashfil_a_bm_] ShrnibmsxiJ S-h_ (10)
fi é n,+g+d P
H H ..1
ho _aeskiashfibfShmil-a-bf.J SXiJ (.)h_ (11)
mi = =
é n,+g+d P
b b, l-a-bi-by 0'&11_
X: = Eeslm Shf; Shm; "Sx, = (12)
e N vg+d :
with h=1-a-bs - by (13)

To obtain an expression for the natural logarithm of real output per unit of
efficient labour depending on the investment rates of the different types of capital we
must apply logs to equations (9), (10), (11) and (12) and substitute the expressions for
In(K’; ), In(hsi ), In(h'mi ) and In(X;) into equation (2) also in logs. We arrive at the
following expression for Iny*:

8 7 denotesthe instantaneous growth rate of z.
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*

In® Y 0 _ a In(s, ) + bs In(sn. ) +
= - B k. . f.
ELiAvy 1-a-Dbi-bpy- | ' 1-a-bp-by-j ' (14)
bm i
+ In(s + In(sy ) -
T-a-by-by-j o)t T T T )
a+b+j
- In(n; + g+d
I-a-b; by "itord

Considering equations (13) and (14) we can write equation (14) in per capita

terms (inlogs):

In gﬂ?: INA o+ gt+ in(s, )+ b—fln(shfi)+ b—mm(shmi )+ Lings, ) -
L5 h h h h

. %mmi + g+d)
(15)

Analysing equation (15) we can identify the determinants of real output per capita
of an economy that finds itself in the steady state situation. Equation (15) tells us that
the In of real output per capita of country i on date t depends positively on the
technological level and the investment rates for the different types of capital and
negatively onln (n +g+d).

When we are trying to estimate equation (15) it might be important to rewrite it
considering not the investment rates for the different kinds of human capital but its
steady state levels since the data is usually more accurate for the latter. To do thiswe
solve the system composed of equations (10), (11) and (12) in order to the logs of the
three investment rates in human capital and replace them for the expressions found in
equations (14) and (15):

Inae%EZInAio+gt+la In(sy;) - a In(n; + g+d)+ by In(hy’) +
e it @ - a 1- a 1- a
+ 2min(h )+ ——in(x;)
- a 1- a
(16)

We can rewrite equation (16) in order to take into account the influence of a new
variable, the educational gender gap, that is, the difference between the In of male
educational human capital and the In of female educational human capital. When we
consider the gender gap we must loose one of the educational human capital variables,
either the female educational human capital or the male educational human capital. We
arrive then at equations (17) and (18). Equation (17) considers the gender gap variable
and female educational human capital. Equation (18) considers the gender gap variable
and male educational human capital.
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b

InZYi 2 Ao+ gt+ —2[In(s)- In(n; + g+d)]+ 2e2Pm neh "y
eLitﬂ 1- a 1- a
b z * * A i *
+ I gin(ha ) - In(hy )+ H—In(x)
(17)
&Y. 0 a b: +b *
lne—t>= A _ +Qgt+ In(s..)- In(n: + g+d)]+ =" |n(h..") +
gl—itb i0 g 1_a[ (KI) ( i g )] 1- a ( ml)
b z * * ~ i *
i) - In(h )+ —In(x)

(18)
2.3.2 — Estimated productivity levels equations

We first estimate a productivity equation similar to that of equation (16) but
without considering educational human capital by gender in the tradition of MRW
(1992). We then estimate equations (16), (17) and (18). In order to estimate these
eguations we must however introduce some changes.

The technological level Ai;, which can not be measured, is divided into two terms
Aio and gt. Ajp is a constant for each country i and is considered as a specific effect to
that country, represented by the constant a in the equations that follow. If we are
considering or not the specific effects that depends on the estimation procedure used. If
we do not consider the specific effects to each country then we are implicitly saying
that Ao is the same in all countries. As for the second term, we do not consider a
specific time effect which meansthat it will bereflected in the error term.

Besides introducing the specific effect to each country we must also consider in
our equations an error term (e;) and explain for which time period does our analysis
apply. T represents the period duration (five years, for our sample) and t the dates with:
t =1960-65; 1965-70;1970-75;1975-80;1980-85;1985-90.

We are now able to rewrite the productivity equations (16), (17) and (18) to
obtain the ones we will estimate with panel data.

The unrestricted productivity equation with human capital without differentiation
by gender is given by:

&Y (T)o a a *
- =a+ [ it) - | ++g+d)+ In(h;; ) +
ng L(T) ﬁt a 1- a n(sklt) 1- a n(nlt g ) 1- a n( it )
L _in(x )+ e
- a
(19)

The unrestricted productivity equation with human capital by gender is given by:
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&Y (T)o a a b *
lnpQ——=2- =a+ In(s,:,) - In(n, +g+d)+ In(hy; +
8L(T)qt 1_a (klt) 1_a (|t g ) 1_a (flt)
+ 2 inth )+ L ingx) + ey
1-a 1-a
(20)

To test for the validity of our model we must test not only equation (20) but also
the restricted version of this equation that results from the relationship between the
coefficientson In(sq) and In(n+g+d).

The restricted productivity equation with human capital by gender is given by:

&Y (T) 6 a b :
gﬁ+ - a+ E[In(skit) - |n(nit + g + d)]+ 1_fa In(hfit )+ (21)
Gt
b * ' *
# 2 in(h )+ ——In(x ) * e

We present next the restricted versions of the productivity equations with the
educational gender gap.

The restricted productivity equation with the educational gender gap and the
femal e educational human capital variable (1) isgiven by:

&Y (T)o6 a b. +bm
Ne——~- = a+ In(s,..)- In(n, +g+d)]+ ———
gL(T) zt 1- a [ ( klt) ( it g )] 1- a

| In(h,,) +

(22)

b, « . - ]
e gn(h, ) - Inthy )+ T—In(x,) +e,

The restricted productivity equation with the educational gender gap and the male
educational human capital variable (2) isgiven by:
+b

&Y (T)o a b m *
Ne———= =a+——|In(sy¢) - In(ny + +d)|+ ———In(h -
gL(T) qt 1- a [ ( klt) ( it g )] 1- a ( mit )
b z * * N i *
g ) - In(ha O+ = —1n(xi) + ey

(23)

We can impose further restrictions to these equations such as imposing that by
and by are equal but with opposite signs in order to be able to say that the only
educational variable that influences the steady state productivity level isthe educational
gender gap. This means testing if the coefficients on In(h*s) or on the In(h* ) in

equations (22) et (21) respectively are significantly different from zero.
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2.3.3 - Estimated conver gence equations
We also investigate the existence of convergence in our samples, that is, we want

to know if the diminishing marginal returns mechanism is sufficient to generate
convergence in our samples. If we arrive at the conclusion that thisis true then we also
want to know what kind of convergence are we talking about. That is, we want to know
which variables (specially the human capital ones) can explain the conditional

convergence process’.

The restricted convergence equation with human capital by gender is given by:

€ &, 06 a, i1 a b .
dng—t = In % == ag+ ——q[In(s)- In(n; + g+ d)]+ —=qlIn(hs") +
e gLit [} elbin en T 1-a [ | | ] 1-a |
* i * &Y O.
+ 20 ginh ) + ——qin(x;) - qin oo Je e,
1-a 1-a e-ito @
(24)
g=le’ (25)
t- to
| =(1-a-b-j)(n +g+d) (26)

We continue to consider the specific effects to each country as the sole specific
effects. The time specific effects are included in the error term while ty represents the
initial value for each period t*.

| represents the speed of convergence. It measures the speed at which an
economy reaches its steady sate equilibrium situation when it departs from a
desequilibrium situation supposing that its structural characteristics do not change
during the transition period. If we consider that the capital shares are constant then the
higher the labour force growth rate the higher the speed of convergence, ceteris paribus.

All equations like equation (23) are convergence equations. A convergence
equation says that an economy’s real output growth rate during the transition period
depends negatively on the real output initial value. The poorer an economy isthe faster
it will grow during the transition period.

Based on the predictions from our theoretical model we can say that the steady
state equilibrium situation is just an imaginary situation that can be represented by a
hypothetical economy with the average characteristics of the sample. In these

circumstances if we obtain an estimated coefficient on the initial output per capitawith

®For adefinition of the different types of convergence see Marta Simdes (1999), pp. 17- 28.
19 For instance t,=1960, when t=1960-1965 and t,=1985 when t=1985-1990.
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the correct sign (negative) we can say that our sample has a group of economies that
are not on the steady state equilibrium situation for the hypothetical economy.

Let us now present the restricted version of the convergence equations that we are
going to estimate.

The restricted convergence equation with human capital without differentiation
by gender isgiven by:

é aeYIt 0 &Y, ou 1

éln = =aq+
é gl‘nﬂ ethoﬂUT

it

1_aa Q[In(skit)- In(n, + g+ d)] +

it
ito ﬂ

(27)
The restricted convergence equation with human capital by gender is given by:

€ &, o ... 1 b )
aln _It+' n g_ItO H— =aq+ In(s In(n:, +q + d) | + f In(h +
g gl—it a el—ito% a 1- q[ (Skie) - In(ni¢ +9 )] 1- a qinChg )
b * 6
+ _m mit )+1 QIn(XIt) QIng s+ e,

e-ito ﬂ
(28)

The restricted convergence equation with the educational gender gap and the
femal e educational human capital variable (1) isgiven by::

é 5 Y
Snie O in Fuo Gl gq 2 —d[in(si) - Ity + g+ )]+ 220 g nghg )+
e et g ito @i

bm * * N 0

1- mit )~ (N )H"‘ qln(xlt) qlng ++ €y

e -ito Q
(29)

The restricted convergence equation with the educational gender gap and the
femal e educational human capital variable (2) isgiven by::

+b

2 0 1R O 1 —aIn(sq) - ln(n.t+g+d>]+famqln<hmn*)-

Y t
glngc—==+-In _u——aq+
e eLitg  éLiogyT

* * N J
mit )= (gt )H+1

&Y 1o
qln(xIt ) - qlng
e |t0ﬂ

(30)
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3 - Description of the twenty two Latin American countries

Before testing our model we will make a short description of the economic
situation of the twenty two Latin American countries. Bearing in mind the main
objectives of this study we will emphasise the male and female educationa
characteristics. At the end of this section there is also a description of the data used in
our estimates.
3.1 - The economic situation of the Latin American countries

From the data on Real GDP per worker we see that in 1960 most of the countries
show a Real GDP per capita between 2000 and 10000 dollars with the exception of
Venezuela and Trinidad& Tobago which show higher values. From 1960 to around
1980 this variable grows steadily in all the countries but from there on growth is quite
irregular (see fig.1). For instance, in 1990 Venezuela, Nicaragua and Guyana show
lower GDP values than the initial ones. The next table shows that the values registered
in 1990 are usually lower than the ones registered in one of the previous years (except
Colombia).

FIGURE 1

Table 1. Real GDP per worker in 1985 international dollars*
Countries 1960 1965 1970 1975 1980 1985 1990

CRI 6830 8012 9473 10220 10899 9148 10040
DOM 4130 4544 5700 7104 8297 7082 6898
SLV 4371 5299 5488 6161 6093 5547 5485
GT™M 5292 5784 6702 7639 9044 7358 7435
HTI 1673 1686 1639 1776 2344 2125 1990
HND 3268 3633 4133 4304 5204 4652 4464
JAM 4338 5336 6962 7149 5423 4726 5146
MEX 9517 11536 14086 16328 18890 17036 17012
NIC 5124 7303 7825 8443 6216 5900 4159
PAN 4739 6020 7677 8578 10094 10039 7999
TTO 16901 19331 20468 23008 31070 25529 19880
ARG 11339 12818 14472 16043 17828 14955 13406
BOL 3322 4005 5082 5746 6374 5623 5315
BRA 5549 5753 7400 10100 11788 10977 11041
CHL 8756 10169 11539 9173 11498 9768 11854
CoL 5485 5989 7142 8217 9504 9276 10108
ECU 4459 4993 5768 8733 10776 9615 9032
GUY 5608 5563 6443 7850 5733 3573 2970
PRY 3575 3910 4301 5027 7658 6241 6383
PER 6309 8162 9340 10486 9261 8141 6847
URY 9784 9235 10420 10972 13053 10216 11828
VEN 20445 25039 26731 23889 22461 18362 17426
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From the inspection of the values of the index numbers for Real GDP per worker
considering the sample average as the base value we can not say definitely that there
was not any convergence within the sample in spite of its poor growth performance
(fig.2). Again, from 1980 onwards convergence to the average seemsto stop.

FIGURE 2

However when we relate the Real GDP per worker initial value (1960) to its
average growth rate there is indeed no evidence of a negative relationship between the
two. This seemsto dismiss the convergence hypothesis (Fig. 3).

FIGURE 3

Analysing the values of the «Investment-Real GDP» ratio we can say that, like
Real GDP per worker, it shows many oscillations with 1990 values lower than others
registered during the period (except Costa Ricaand Chile) (Fig. 4).

FIGURE 4

Table 2. Ratio «Investment-Real GDP»*
Countries 1960 1965 1970 1975 1980 1985 1990

CRI 126 176 148 154 214 159 186
DOM 7.9 68 144 213 193 151 20.1
SLV 9.2 9.1 7.1 9.3 7.3 5.9 6.7
GTM 8.1 9.7 9.3 9.6 9.2 6.5 7.2
HTI 25 2.1 3.7 6.5 7.9 7.3 7.3
HND 115 134 161 141 166 117 135
JAM 311 26.7 31 258 12 146 17.2
MEX 145 169 177 191 214 153 15
NIC 86 127 117 109 112 139 8.5
PAN 159 179 258 271 222 152 159
TTO 157 122 78 139 177 154 106
ARG 174 161 185 174 196 123 115
BOL 177 218 212 29 145 5.2 51
BRA 18.9 19 198 26 22 156 152
CHL 204 215 216 206 145 198 264
COL 178 154 16.7 14 16 142 131
ECU 23 197 241 276 268 185 145
GUY 33 267 27 30.6 21 23 277
PRY 7.1 8.5 88 136 213 158 183
PER 187 187 129 202 232 125 161
URY 11.6 83 123 13.2 23 101 9.9
VEN 16.1 158 182 233 199 152 8.3

We can also try to shed some light into the results of our estimates on section 4
by relating Real GDP per worker values and average growth rates values to its main
determinants in view of the theoretical models considered. Do higher investment rates
lead to higher productivity levels (fig.5)? Or, in the same way, do higher levels of
educational and health capital lead to more productive economies (fig.6 to 9)?

FIGURES 5to 9
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In fact our simple anaysis leads to an optimistic conclusion about the
relationships predicted by the theory. All control variables (investment rate, educational
capital, female educational capital, male educational capital and health capital)
influence in the expected manner (positively) the proxy for the Real GDP per worker
steady state value.

When we try to do the same for the convergence predictions however the results
are quite bad. None of the relationships tested seems to hold with the exception of the
relationship between Real GDP and the investment rate but for a very low R? (Figs. 10
to 14).

FIGURES 10 to 14

Let us now turn to the data on education. Considering the data on the average
schooling years of the population with 15 years of age and more we can say that in
average the population in our sampleis not avery educated one. But we must not forget
that the average values hide quite different situations as shown by the standard errors
values. Nevertheless, there was an effort to educate the population since the 1990
values are significantly higher than the 1960 ones. As for the gender gap, the male
population has remained more educated than the female population (negative
differential for all years). The differential narrowed in 1960 and 1965, widened in
1970, returned to its 1965 value in 1975 and diminished also in 1980. It was again
higher in 1985 but never reached the former values. In 1990 it registered the lower
value for the period.

Table 3. Average schooling years of the population with 15 years of age or more*

Years Total Population Women Men Differential

1960 3.38 3.19 3.58 -0.39
(1.33) (1.29) (1.43)

1965 3.42 3.24 3.61 -0.37
(1.32) (1.23) (1.48)

1970 3.80 3.58 4.03 -0.45
(1.29) (1.29) (1.38)

1975 412 3.94 4.31 -0.37
(1.28) (1.33) (1.31)

1980 4.78 4.63 4.92 -0.29
(1.45) (1.54) (1.44)

1985 5.05 4.89 5.22 -0.33
(1.29) (1.52) (1.17)

1990 5.44 5.33 5.55 -0.22
(1.46) (1.63) (1.35)

* standard deviation between brackets

Analysing the average growth rates of the schooling yearsin each country we can

say that they all have invested on the education of its population between 1960 and
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1990. The effort was higher on the education of the female population except in the
case of Guatemala, Haiti, Honduras and Brazil.

Table 4. Average growth rate (1960-90) of the average schooling years of the population with 15 years of age or more

Countries Total Population Women Men
COSTA RICA 0.0107 0.0108 0.0105
DOMINICAN REPUBLIC 0.0166 0.0183 0.0150
EL SALVADOR 0.0253 0.0279 0.0230
GUATEMALA 0.0235 0.0235 0.0237
HAITI 0.0439 0.0363 0.0488
HONDURAS 0.0270 0.0218 0.0310
JAMAICA 0.0208 0.0215 0.0203
MEXICO 0.0297 0.0309 0.0286
NICARAGUA 0.0160 0.0184 0.0136
PANAMA 0.0185 0.0189 0.0181
TRINIDAD&TOBAGO 0.0148 0.0168 0.0128
ARGENTINA 0.0146 0.0159 0.0133
BOLIVIA -0.0022 0.0008 -0.0045
BRAZIL 0.0115 0.0078 0.0155
CHILE 0.0097 0.0103 0.0090
COLOMBIA 0.0128 0.0173 0.0080
ECUADOR 0.0201 0.0229 0.0175
GUYANA 0.0080 0.0101 0.0059
PARAGUAY 0.0174 0.0199 0.0151
PERU 0.0211 0.0267 0.0167
URUGUAY 0.0093 0.0105 0.0080
VENEZUELA 0.0179 0.0224 0.0140

3.2 — Description of the data used in our estimates

In our version of the Solow model the steady state productivity level depends on
the investment rate, the effective labour force growth rate and the steady state values of
educational (total, female and male) and health capital.

The data on Real GDP per worker was retrieved from the Penn World Tables
(from now on PWT) Mark 5.6. The proxy for the steady state productivity level isthe
period average of Real GDP per worker for each of the 6 five years periods (1960-65,
1965-70, 1970-75, 1975-80, 1980-85, 1985-90). The average growth rates are also
calculated for the samefive year periods.

The proxy for the propensity to save was also taken from the PWT 5.6. We
consider five year averages for the ratio «investment-Real GDP» for the six five year
periods.

The labour force growth rate was cal culated using the datafrom PWT 5.6 on Real
GDP per worker, Real GDP per capita and the population. Following MRW (1992) and
Islam (1995), we consider the technological progress growth rate and the depreciation
rate constant for all countries and g+d is equal to 0.05. The proxy for In(n+g+d) isthe
natural log of the sum of the labour force growth rate and 0.05.
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The data on education was taken from Barro and Lee (2000) and we consider
average schooling years for the population with 15 years of age or more as proxies for
the steady state value of educational human capital (total, female and male). The data
refers to the years of 1960, 1965, 1970, 1975, 1980, 1985, 1990, 1995 and 2000 in
some cases. We consider theinitial valuefor each five year period.

As aproxy for the health human capital we used data for life expectancy at birth
taken from Barro and Lee (1993), as did Lorgelly and Owen (1998) and Knowles and
Owen (1995, 1997). To take into account possible non linearities in the data we
consider the variable In(x) = - In(85-LE), where LE is life expectancy at birth. The
values used refer to theinitial value for each five year period.

4 - Interpretation of the econometric results for the productivity and
convergence equations

We analyse the econometric estimations results with the main focus on the
influence of the different educational capital variables on the dependent variable for the
productivity equations and for the convergence equations.

First, we interpret the econometric results for each productivity equation taking
only into account the level of significance of the educational capital variables since we
aretrying to control for theinfluence of the different educational capital variables upon
the steady state productivity levels. The results obtained are better for the equations
without differentiation or, on the contrary, are they better for the equations with
differentiation, and in this case for which ones, based on the econometric quality of the
results? Secondly, we do the same analysis for the other coefficients and afterwards we
present an interpretation of the econometric outcomes based upon the productivity
equations.

4.1 — Productivity equations inter pretation
Educational capital coefficients: when we use the OLS method, the best results are

obtained for the equation without differentiation. In fact, the educational capital
coefficient is always significant and it has the right sign for the unrestricted model and
for samples (1) and (2) and for the restricted model in the case of sample (2). Also,
when we test the restriction for sample (1) the coefficient has the right sign and is
significant.

The results for the productivity equation with differentiation but without gap are
not good. Let us begin by saying that the restriction hypothesis is not accepted for any
of the samples. For all the samples and model versions (unrestricted version and test of

the restriction), the male educational capital coefficient has the right sign but it is only
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significant in the unrestricted model for sample (2). As for the female educational
capital coefficient, it hasawaystheright sign but it is never significant.

The results from the productivity equation with differentiation and with gap 1 are
better than the results with the productivity equation with differentiation. Again, the
restriction hypothesis is not accepted for any of the two samples. The femae
educational capital coefficient has always the right sign and it is always significant. As
for the gender gap, it has always the right sign but it is only significant for the
unrestricted model with sample (2).

The results from the productivity equation with differentiation and with gap 2 are
similar to the results obtained with the productivity equation with gap 1. Again, the
restriction hypothesisis not accepted for any of the two samples. The male educational
capital coefficient has always the right sign and it is always significant. As for the
gender gap, it has alwaystheright sign but it is never significant.

When we use the LSDV method, the results are quite bad for all types of
equations. With this method, the restriction hypothesis is never accepted. As far as the
productivity equation without differentiation is concerned, the educational capital
coefficient has always the wrong sign and it is never significant.

The results from the productivity equation with differentiation and without gap
arethe following. The male educational capital coefficient has alwaysthe right sign but
is never significant. Asfor the female educational capital coefficient, it has always the
wrong sign and it is never significant.

The results from the productivity equation with differentiation and gender gap (1)
are bad. Asfor the female educational capital coefficient, it has always the wrong sign
and it is never significant. The gender gap coefficient has awaysthe right sign but it is
never significant.

The results from the productivity equation with differentiation and gender gap (2)
are even worst. The male educational capital coefficient as well as the gender gap
coefficient have always the wrong sign and are never significant.

When we use the OLSD method, the results are quite bad for ailmost all types of
equations. With this method, the restriction hypothesis is never accepted. As far as the
productivity equation without differentiation is concerned, the educational capital
coefficient has always the wrong sign except in the restricted model for sample (2) and

itisnever significant.
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The results from the productivity equation with differentiation and without gap
are the following: the male educational capital coefficient has always the right sign but
it is only significant for the restricted model with sample (2). As far as the female
educational capital coefficient is concerned, it has only the right sign for the restricted
version with sample (1) and it is never significant.

The results from the productivity equation with differentiation and gender gap 1
arebad. In fact, the female educational capital coefficient hasonly theright sign for the
restricted version with sample (1) and it is never significant. The gender gap coefficient
has alwaystheright sign but it is never significant.

The results from the productivity equation with differentiation and gender gap 2
are bad. In fact the male educational capital coefficient has only the right sign with the
restricted model for both samples. The gender gap coefficient has only the right sign
with the restricted model for sample (1).

When we use the NLLS method, the results obtained with the productivity
equation without differentiation are good as far as the educational capital elasticity is
concerned. In fact, the elasticity sign is aways right and significant. As for the
remaining productivity equations, without gender gap, with gender gap 1 and with
gender gap 2, using again the NLLS method, the male and female elasticities have
always the right sign but are not significant.

When we use the NLLDV method, the results obtained with the productivity
equation without differentiation are bad in what concerns the educational capital
elasticity. In fact, the elasticity sign isawayswrong and it is never significant.

Asfor the remaining productivity equations, without gender gap, with gender gap
1 and with gender gap 2, using again the NLLDV method, the male educational capital
elasticity has always the right sign but is never significant. As for the female
educational capital elasticity, it has alwaysthe wrong sign and it is never significant.

Coefficient of therate of investment in physical capital: as for the OLS method, the

results are good for the productivity equations with differentiation, without and with
both gender gaps for sample (2). The same applies to the other methods, LSDV and
OLSD.

The results improve with the NLLSDV method, for all types of equations, model
versions and samples; physical capital elasticity hasthe right sign and is significant.
The effective labour force coefficient: In fact with the OLS method the coefficient has

the right sign and is significant for the equations with both gender gaps, for both
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models and for sample (2). The results are better with LSDV and OLSD and in general
for the restricted version.

The health capital coefficient: with the OL S method, the health capital coefficient has

theright sign for al types of equations, of models and samples and it is also significant

except for the equations with differentiation but without gap and with gap 1 and 2
under the restricted model for sample (1).

With the LSDV method, the health capital coefficient has the right sign for all
types of equations, of models and samples and it is also significant except for the
equation with differentiation without gap under the restricted model for sample (2).

With the OLSD method, the health capital coefficient has the right sign for all
types of equations, of models and samplesand it isaways significant also.

Overview of the productivity eguations estimated: when we take into account al the

coefficients, we can say that the productivity equation without differentiation estimated
with OLS method achieves good results under the restricted model. All the coefficients
have the right sign and are significant except the effective labour force coefficient
which has the wrong sign although significant. Within it, all the elasticities have the
right sign. For this type of productivity equation, the results concerning the educational

coefficient become worse when we apply the LSDV and OL SD methods.

On the other hand, when we try to use accurate methods for direct estimation of
elasticities, we have obtained better results with NLLS than with NLLSDV. For the
former, the educational elasticity has the right sign and it is significant. The opposite
applies to the later. We have aso obtained good results with OLS for the productivity
equations with gender gap (1) and (2). For the equation with gender gap (1) the
influence of the female educational coefficient upon the productivity level issignificant
and has the expected sign. We should notice too the importance of the female
coefficient for sasmple (1). But globally, the best results obtained with this equation are
those for the restricted model with sample (2). Let usrecall that in this case, the female
elasticity estimated indirectly has the right sign. The same kind of anayse can be
extended to the productivity equation with gender gap (2). With all the other methods,
the results obtained are worse for these equations.

The methods used for direct estimation of the elasticities do not lead to better
results for the educational elasticities estimated from the productivity equations with
differentiation, with gender gap 1 and with gender gap 2.
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4.2 — Conver gence equationsinter pretation
Educational capital coefficients: in general the results obtained for the convergence

equations concerning the educational coefficients are bad.

When we use the OL S method the results are quite bad. In fact, for the equation
without differentiation the coefficient sign is always wrong and significant. As for the
equation with differentiation but without gap, the male educational coefficient has only
the correct sign for sample (2) but it isnot significant, the femal e coefficient has always
the wrong sign and is significant for sample (2) only. The results for the equations with
gap are quite similar (that is, bad). In fact, the female educational coefficient in the
equation with gap 1 has always the wrong sign and it is always significant. As for the
gender gap coefficient, it is never significant and has the right sign only for the
unrestricted model in sample (2).

When we use the LSDV method, the results improve only for the equation with
differentiation but without gender gap, the male educational capital has always the right
sign and is significant for sample (1). At the same time, the female educational
coefficient has always the wrong sign but it is significant. In fact, for all the other
equations, the sign of the educational coefficients iswrong, except for the gender gap
coefficient on equation with gap (1) and for sample (1).

Also, the results obtained with the OLSD method are quite bad. The male
educational coefficient has always the wrong sign and is always significant except for
the equation with differentiation but without gap. As for the female educational
coefficient, it has always the wrong sign and it is never significant. As for the gender
gap coefficient, it has the right sign and it is not significant for the equation with gap 1.
The opposite occursfor the equation with gap 2.

In what concerns the non-linear methods for the direct estimation of the
elasticities (NLLS and NLLSDV), we cannot say that the results concerning female
educational elasticity have improved. For any of the methods, male and female
educational elasticities are never significant although with the right sign.

The coefficient of the In of the initial PIB: in what concerns the coefficient of the In

of theinitial PIB, we can say that with LSDV, OLSD and for all types of convergence
equations and model versions, the coefficient has the right sign and is significant,
which corresponds to the existence of convergence among the countries of the two
samples. Nonetheless, the results obtained with the OL S method are very poor. In fact,

and in spite of the coefficient right sign for all types of equations and model versions, it
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isonly significant for the convergence equation with any kind of differentiation using
the restricted model in samples (1) and (2) and LSDV and OLSD.

As for the non-linear methods that allow us to estimate directly the speed of
convergence (LAMEDA), we can say that the NLLSDV method hasimproved the results
because the speed of convergence coefficient has the right sign and it is significant.
With NLLS, the speed of convergence coefficient is never significant.

The rate of investment on physical capital coefficient: the rate of investment on

physical capital coefficient has always the right sign and it is always significant, for all
methods, for all types of equations, for all model versions and samples.

Also, the physical capital elasticity estimated directly with the non-linear
methods has always the right sign and it is always significant for both methods, NLLS
and NLLSDV.

The effective labour force coefficient: in general the results obtained with all kind of

methods |lead to good results, especialy if we consider the restricted version. With OLS
the results are better for the convergence equation with any kind of differentiation. In
the later case the coefficient has the right sign and is significant for both sample and for
the restricted model as well as for the unrestricted version. The same applies to the
following convergence equations, the one without differentiation and the one with
differentiation.

As for the other methods, LSDV and OLSD, the coefficient has always the right
sign and it is always significant for the restricted model in samples (1) and (2) and for
the unrestricted model in sample (2).

The health capital coefficient: in what concerns the health capital coefficient, the
results obtained are quite bad. In fact, with OLS the health capital coefficient has

always the wrong sign and it is never significant except for the convergence equation
without differentiation, for both models with sample (1).With LSDV the results are
better for the convergence equations with differentiation for sasmple (2) under all the
model versions, the coefficient has the right sign and is also always significant. The
same thing occurs for the convergence equation with differentiation but without gender
gap. But the best results are obtained with the OLSD method: the coefficient has the
right sign and is always significant except for sample (1) and for both models with the

convergence eguations, the one without gap and the other with gap (2).
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Finally, with the NLLSDV method we have obtained good results for the direct
estimation of the health capital elasticity for the equations without gap, with gap 1 and
with gap 2 but only for sample (2).

Overview of the conver gence equations estimated: let us begin by saying that the use

of the OLS method leads to bad results concerning convergence. In fact, only for the
equation with gender gap 2 under the restricted model in sample (2) have we
convergence. But with all the other econometric methods, thereis convergence.

Generally, the results obtained with the convergence equations concerning the
educational coefficients are very bad. As for the convergence equation without
differentiation, we never obtain significant coefficients with the right sign for
educational capital. The same is true for the direct estimation of educational capital
elasticity. The better results are obtained with LSDV for the equation without gap in
sample (2). In this case, the male educational coefficient has the right sign and it is
significant, nonetheless, the female educational coefficient has always the wrong sign
but it is significant. The same applies to the equation with gender (2). Notice that the
female educational coefficient has never the right sign whatever the equation type,
model versions and samples.

And notice aso that the results do not improve when we take the convergence
equations with differentiation and with gap.

As for the direct estimation of educational capital elasticities, the non-linear
methods NLLS and NLLSDV do not lead to good results. The female educational
elasticity isaways significant but has the wrong sign, and we get the opposite result for
the male educational elasticity.

5. General remarks

We based our study in a growth model that can be classified as an Augmented
Solow-Swan model. Our main objective was to analyse the importance of education
hum