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Abstract:

In this work we update the reviews on endogenous growth theories, after two decades of theoretical and
empirical contributions in order to explore whether recent empirical studies have become more supportive
of their main predictions. Among the core topics studied in the growth econometric framework, namely,
convergence, identification of growth determinants and factors responsible for growth differences in the
data, the primary focus of this paper is on the last two. We will review, from macro growth regressions,
studies that test primarily the performance of endogenous models in terms of significance and robustness
of the coefficients of growth determinants. By highlighting methodological issues and critical discussion,
we argue that: (i) causal inference drawn from the empirical growth literature remains highly
questionable, (ii) there are estimates for a wide range of potential factors but their magnitude and
robustness are still under debate. Our conclusion, however, is that, if properly interpreted, the predictions
of endogenous growth models are increasingly gathering empirical support.
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1. Introduction

This survey updates the research program on the new growth theories (henceforth
NGTSs) after two decades of significant advancements in theoretical and empirical studies. In the
last years many works have been published in which, differently from previous studies,
evidence seems to be consistent with many predictions of the new theories. We shall update
existing reviews since the focus has shifted from convergence issues to an assessment of the
economic and statistical significance of the wide array of potential growth determinants.

The call for a further survey should be questioned, especially after the publication of the
Handbook of Economic Growth edited by Aghion and Durlauf (2005), in which many
determinants of growth are fully explored by leading economists in the field. This paper cannot
be a substitute of the two-volume work just cited. Our motivation is to build a survey that
presents in a single article an integrative view of the entire empirical debate and an assessment
of where it stands today. The undertaking is not straightforward. The 87 variables identified as
potential growth determinants in the 1999 survey by Durlauf and Quah, has increased to 145 in
the more recent 2005 survey by Durlauf, Johnson and Temple. This figure is destined to further
increase if the interaction between variables is considered. Is this large number of identified
growth determinants supported by theoretical and empirical studies? We will search for salient
growth determinants, even if not in the detail that would be possible if explorations were limited
to one or few of them.

The appearance of the NGTs has generated an extensive literature characterised by two
phases. The first focused on convergence versus divergence of per capita income and growth
rates across countries and across time. The issue was considered relevant for an empirical
assessment of the validity of the old and the new theories of growth. Whereas a key aspect of
exogenous models of growth was the convergence of all countries to a common level of steady
state per capita income, the implication of convergence in the NGTs may not occur at all. This
seems to be consistent with the casual observation that poor countries are not able to catch up

with the leading economies and to converge towards the same steady state as predicted by a



simple version of the traditional growth model. Following the empirical studies by Barro
(1991), Barro and Sala-i-Martin (1991) Young (1991, 1995), Mankiw, Romer and Weil (1992),
Jones (19954, b), in which convergence among countries was measured conditional on factors
that determine the steady-state, we have observed the weakness of the endogenous growth
paradigm and the revival of the canonical Solow (1956) model. Subsequent studies have led to a
wide array of empirical outcomes and to the failure of the original intention of using
convergence as a test for the validity of competing growth theories. Convergence issues, even if
they still capture the interest of many scholars, are by no means — as claimed by Durlauf, et al.
(2005) —“the bulk of empirical growth studies™.

In fact, the finding that poor economies converge to their own steady states does not
provide an explanation for why these steady state levels are so low and fails to give useful
devices to policy makers both in developing and developed countries®. Even if the prediction of
convergence still remain as a testable hypothesis, the focus has shifted from convergence to the
explanation of the growth mechanisms and the determinants of the steady state levels. Under
this perspective it might be interesting to investigate, according to cumulate evidence, whether
or not the predictions of the NGTs have become more robust and which problems still remain
unresolved. Ironically, the growth debate, instead of getting a consensus, has assumed a new
divergent path between those economists (Mankiw.Romer and Weil [1991] from a neo-classical
perspective) who believe that international variation in income across countries are accounted
for almost exclusively (80%) by differences in factor accumulation and those who attribute all
the observed differences (90%) to total factor productivity (TFP) (Klenow and Rodriguez-Clare
[1997], Easterly and Levine [2001], Henderson and Russell [2005], Caselli [2005], and Easterly
[2005]). The diverse emphasis posed on these two factors, ideas gap against factor accumulation

(A against K) in the recurring debate is lessened by the researches of scholars that distinguish

! Convergence and identifications of growth determinants are closely related since their
treatment requires the specification of a regression model of cross-country growth differences from which
the effects on the growth of different factors may be identified (see Durlauf et al (2005).

2 See Islam (2004) for an interesting and updated survey on the convergence issue.



between these proximate sources of growth as opposed to fundamental sources. In a broader
interpretation, fundamental determinants include economic institutions (Hall and Jones [1999],
Acemoglu et al. [2001]), legal and political systems (La Porta et al. [1998, 1999]) as well as
culture and social norms (Glaeser et al. [2004], Tabellini [2005]). Before discussing
econometric outcomes and special features of the institutions view, it is indubitable that the new
stylised fact that has emerged in recent years is the focus on factors, which go beyond the
traditional ones.

This paper cannot be, for understandable reasons, a comprehensive review of all the
approaches to the empirics of growth. Our proposal is to discuss the state of the general debate
by reviewing empirical studies, from both journal articles and working papers, devoted to assess
the robustness of the variables considered as salient sources of economic growth by the NGTSs,
in order to ascertain where we stand now and the context on which further research can be
pursued®.

The main message of a new theory should have emphasised that growth does not
depend on one factor only, but on a well-managed combination of several resources and their
strategic complementarities. Unfortunately, this message does not emerge from a unified
theoretical framework (see Galor [2005] who calls for a unified micro-founded model): each
model of the NGTs captures only one factor and it alone is capable of generating sustained
growth. Investigation of the NGTs from an empirical perspective can be considered the
alternative to avoid this restriction. Empirical specifications of growth theories allow us to
introduce more than one factor at a time and interactions among them. We examine the state of
this literature without any pretence to be exhaustive.

The survey is not organised around the different approaches applied in growth empirics.
Our choice is motivated by the fact that such a perspective has already been followed by Temple

(1999) and Durlauf et al. (2005) in their outstanding reviews and also because our specific

% The number of papers on this topic is immense. We will select the ones whose publication in leading
journals have created motives of debate or have favoured further researches.



interest is to draw inferences from different studies that focus on the identification of leading
growth determinants. The major weakness of the bulk of studies aimed at testing the NGTs is
that econometric specifications capture poorly the mechanisms of growth stressed by these
theories and the proxies used for measuring key determinants of growth are imprecise. Although
there is lack of consensus on the methods used for distinguishing the NGTs empirically, we
believe that a review structured around empirically useful categories of growth determinants
may be a contribution to the current state of the literature. These categories include the evidence
on factor accumulation versus research-based theories of growth as well as institutional factors.
The outline of the paper is as follows. Section 2 discusses the main criticisms to the
empirics of growth and the substantial advances in the econometric tools developed over the
decade. Section 3 (and subsections) shows from growth regressions the evidence on endogenous
determinants of growth according to the most influential classes of models. By discussing the
robustness of the estimates we will evaluate basic regression findings on initial conditions,
broad capital and R&D. Section 4 introduces the evidence on public policy and institutions to
gain insights on government activities and organizations and the way in which they affect
country performance. The last section provides concluding remarks and proposes some possible

directions for future research.

2. Methodological critiques on growth empirics

2.1. Technical issues in testing the robustness of the determinants of growth.

It is common knowledge that a non-marginal contribution to the success (at least in
terms of interest by economists and papers written on the subject) of the NGTs has been the
increasing use of econometrics to test their predictions. Growth is not a natural phenomenon but
it is influenced by market forces, incentives and consequently by good policy choices.

Typically, the broad growth quantitative approach, to deal with these facts, is based on

linear cross-country regressions. The motivation for the use of this approach has been twofold.



Firstly, second generation NGTs, and specifically those based on endogenous technological
progress, should not rely on growth accounting since it fails to give precise estimates of TFP.
Secondly, growth accounting attributes to physical capital and labour a weight that depends on
their shares of GDP, while in regression analysis the significance and magnitude of the
coefficients of each determinant of growth are left to data. Growth regressions, however, as
economists unanimously agree, show how variables are correlated with the growth of nations,
but are far from implying the direction of causation.

Although the econometrics of growth based on Barro (1991) and Mankiw-Romer-Weil
(1992)’s basic framework, has been contested by many authors (i.e. Klenow and Rodriguez-
Clare [1997], Dinopoulus & Thomson [2000], Brock and Durlauf [2001]), we agree with two
opinions expressed by Temple (1999) in his worthy review article: (i) many interesting things
have been learnt from these researches but, (ii) it is time to argue for a different, non-
neoclassical, vision of growth.

It is worth mentioning, however, that the primary purpose of cross-country regressions
was and still is the investigation of what determines growth differences in GDP per capita
across countries in the long run. Growth empirics should explain if these differences were due
to factor accumulation or to TFP, a combined effect of the two, or to other identified factors that
can supplement the orthodox explanations. While some mechanisms pertain to the domain of
neoclassical and endogenous growth theories, others, developed under the rubric of socio-
political institutions, lie, at least partly, outside the field of theoretical models. The availability
of standardised data sets*, have made it possible to test both mechanisms, but almost all the

studies are exposed to severe criticisms.

* Even if the more used set of data are the Penn World Tables (now updated, (PWT 6.2]) by Heston, Summers, and
Aten (2005), many data on different variables have been made available by many growth scholars. The sites of the
World Bank and NBER as well as those of many other institutions, such as the Centre of International Development
(CID) provide interesting growth data. We still lack, however, the detailed data necessary to construct measures of
TFP, R&D capital and other variables that are very useful for a direct test of second generation’s growth models.
Detailed data For EU countries are provided on-line by the Groningen Centre of Economic Development. Other set of
data for specific growth issues are, Barro and Lee (1993, 2000), Beck et al (2000), Knack and Keefer (1995),
Kaufman et al [2006], among many others.



One concern is the causality versus the correlation issue. Proponents of empirical
studies based on this methodology share the belief that regression studies involve an implicit
form of causality, otherwise they would not be suitable for growth investigations and for policy
assessments. A researcher that wishes to explain the growth rate will introduce in the growth
equation vectors of independent variables that he believes are the moving force of the former.
But is this procedure appropriate? Regression techniques are appropriate only if the causal
structure of the model is determined a priori. Typically, this does not occur if regressors are
introduced arbitrarily into the analysis. Brock and Durlauf (2001) have pointed out that the
extended set of variables used to explain growth patterns in cross-country regressions, such as
democracy, rule of law, social capital, are of a socio-cultural nature and cannot be treated as if
they were derived from an a priori specified structural model. The lack of agreed theoretical
bases to apply in empirical work has motivated the practice of abandoning any a priori model
and enables the data to show which variables are correlated with growth. This practice has led to
unwieldy sets of explanatory variables (model uncertainty).

The concern about model uncertainty is at the centre of the recent empirical debate, but
it is still in its infancy given the difficulties of finding accepted methods to deal with this issue.
Among the enormous number of regressors that have been included in the empirical analysis,
most have been found to be statistically significant according to conventional tests. This means
that we have as many growth theories as the number of significant regressors and we cannot
distinguish among them (model identification). To succeed the issue we need theoretical model
that provide restrictions to this great number of regressors.

Other frequent motives of concern with conventional macroeconometric techniques
refer to omitted variables, serial correlation in the disturbance terms, collinearity between the
variables, and the presence of measurement errors, which may lead to violation of a set of
conditions necessary for consistent coefficient estimates. Recently, the criticisms have
intensified by emphasising concerns associated with parameter heterogeneity, and non-

linearities. The argument raised is that conventional cross-country linear regressions impose



strong homogeneity among parameters, which lead to the implausible assumption that a change
in a particular variable has the same effects across countries. Several studies (Liu and Stengos
[1999], Kalaitzidakis et al. [2001]) find strong evidence of parameter heteogeneity that may
arise from non-linearities in the production function, multiple steady-states and poverty traps.
New empirical methods and tests have been performed to account for failures of standard
growth regressions (Doppelhofer, Miller and Sala-i-Martin [2004] Easterly and Levine [2001],
Lee, Pesaran and Smith [1997, 1998), Hansen [2000], Fernandez, Ley and Steel [2002],
Masanjala and Papageorgiou [2005] among others).

Although a widespread discussion of these issues and methods to deal with are
contained in Brock and Durlauf (2001) and Durlauf et al. (2005), what it is still lacking in the
literature is a consensus on accepted methods to test the robustness of parameters and their
importance in growth theories.

The most cited paper that has addressed the issue still remains Levine and Renelt’s 1992
study (henceforth LR). Their method involves the identification of empirically robust
determinants of growth that can explain observed differences in growth when the range of
possible factors is large. Robustness consists of identifying a variable the importance of which
is confirmed across different specifications. LR carried out the Leamer (1983) extreme bound-
analysis (EBA), which involves estimating the upper and the lower extreme bounds of a
coefficient of a variable of interest across different model specifications. If the signs of these
extreme bounds are different (in the sense that they change their signs or their statistical
significance when other variables are included) then the variable is considered to be fragile. The
models are distinguished by alternative combinations of 1 to 3 variables taken from the
following set: initial income, the investment share to GDP, secondary enrolment rates,
population growth. According to LR the perspective to empirically find variables as robust
sources of endogenous growth are very few. They report cross sectional studies conducted with
over 50 different regressors, and only the share of investment, other than initial income, was

found strongly correlated with growth. Durlauf et al. (2005), however, consider the EBA



methodology as an excessively conservative approach for policy evaluation since, from a
“decision theoretic perspective, it corresponds to an extreme risk-averse way of responding to
model uncertainty” (p.610). In other terms, the authors argue that the policy maker cannot
decide on important matters on the basis of t.statistics and other similar mechanical criteria.

The same criticism applies to the alternative approach taken by Sala-i-Martin (1997).
The method involves studying the entire distribution of estimators of a variable of interest. The
robustness test is based on cumulative density functions to establish a ranking variable
performance. A variable is robust, according to Sala-i-Martin's method, if, by averaging the
statistical significance levels, it is significant and with a given sign in 95% of the different
regressions estimated. Applying this methodology to 60 variables, Sala—i-Martin found,
differently from LR, that 22 variables out of 59 appeared to be significantly linked to growth.
The outcome depends on the less restrictive concept of robustness adopted. Nevertheless, also
applying this procedure, there are many variables — theoretically expected to be important — that
are not correlated significantly with growth. If we look at the list of variables reported by Sala-
i Martin (1997), it is remarkable to note that, except for investment in equipment and initial
income, the other robust variables include almost exclusively measures of geography, religion,
rules of law, political rights and other institutional attributes. According to this evidence
scholars should explain why institutional variables seem so robustly correlated with growth
even if they are historically the same and do change very slowly in the growth process of
developed countries. We expect to find a strong impact on growth for developing countries, but
why in any regression with non significant coefficients, more robust estimates are obtained by
simply introducing institutional variables as instruments for endogenous proximate factors? The
answer may rely on the way these variables are constructed or on the fact that researchers
include an exaggerated number of them, by simply arguing that they serve as good instruments
being predeterminated with respect to current growth rates in per capita income.

Alternative approaches have been proposed to solve the controversy over the selection

of growth-regression models. One of these is the Hendry and Krolzig (2003, 2004) program for
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selecting econometric models through an automatic procedure, which substitutes the data-based
selection. Instead of millions of regressions, the authors just run one regression (choose one
model) to individuate the determinants of growth based on a set of statistical tests. According to
the general-to-specific methodology the “true” equation should be characterised by a general
regression that includes all information about the effective determinants of growth but this
general unrestricted model should be appropriately reduced to a more congruent representation
(specific regression) which encompasses every other restricted regression of the general
specification. The endeavour is to select among the different models the one that is consistent
with some theoretical views. The authors claim that, in cases in which there are more potential
candidate variables (as in growth theories) than available observations, it is still possible to run
regressions by repeated applications. The model selected by the authors, out of the space of
possible models based on a set of statistical tests, includes the rate of equipment investment, an
index of openness and some institutional measures.

Hoover and Perez (2004), using the methodology associated with Hendry and Krolzig
(2004), have re-examined LR and Sala-i-Martin’s conclusions by using, in a Monte Carlo
experiment, a variant of the EBA. By comparing this approach with a version of the general-to
specific methodology, the authors conclude that the modified extreme-bound procedure used by
Sala-i-Martin possesses higher power to detect potential significant regressors than the LR
approach. The latter is able to reject important growth determinants as fragile and at the same
time to consider spurious relationships with growth as robust.

Another prominent approach, advocated by many researchers, that can account for
model uncertainty is the Bayesian Model Averaging Approach (BMA). This methodology has
already been applied in the context of economic growth by Fernandez, Ley and Steel (2001),
Brock, Durlauf and West (2003), and Doppelhofer, Miller and Sala-i-Martin (2004), among few
others. The multiplicity of regressors introduced in growth equations is solved in classical
econometrics by leaving it to data to sort out the significant ones. But when the number of

regressors exceeds the number of countries in the data set the analysis becomes flawed. If we do
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not know which model is the true one, we need to attach probabilities to different models and
then use the Bayesian approach to average across models using some selection criteria. Model
averaging seems to be a powerful tool that can help policy makers to gather more information
than simply that offered by parameter estimates and other conventional summary statistics. The
strategy of constructing posterior probabilities is considered appropriate to evaluate alternative
policies without identifying a priori the best growth model. The application of this approach to
sub-Saharan African countries, for example, helps to explain why ethnic heterogeneity affects
growth in these countries but not in others (Brock and Durlauf [2001]). Fernandez et al. (2001)
show the superiority of BMA over other techniques in selecting regressors to explain
cross—country growth. Their findings, by comparing LR and Sala-i-Martin procedures, appear to
favour the latter. The Sala-i-Martin procedure, even if not based on firm theoretical statistical
methods, leads to the conclusion that a large number of variables are important for growth.
However, independently of what Fernandez et al. claim, if we look at the table of results (Table
1, page. 181), many variables considered important by Sala-i-Martin show a lower posterior
probability than the weighted average probability estimated with the previous method by Sala-i-
Martin. The series of variables with a lower posterior probability are variables regarded as
important growth determinants, such as rule of law, numbers of years an economy has been
open, degree of capitalism, primary school enrolment in 1960, black market premium etc. The
variables (for which there is also a correspondence with the average probability assigned by
Sala-i- Martin) identified as strong explanatory variables are only the GDP levels in 1960, life
expectancy, and equipment investment. Except for life expectancy, the other two variables are
those found robust also by LR.

Doppelhofer et al. (2004), by averaging OLS coefficients of 68 variables across models
for 88 countries, find that of 67 explanatory variables 18 are significantly partially correlated
with long-term growth. But just four seem to be robustly associated with growth: the relative
price of investment, initial GDP per capita, primary schooling and the number of years a

country has been open.
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Other non-parametric approaches to test the robustness of LR results have been
performed by Kalaitzidakis et al. (2000). They propose a method in which auxiliary variables
enter non-parametrically in the growth regression to ascertain if variables, considered
fundamental determinants of growth, enter linearly and, hence, are valid candidates for a
robustness assessment. Extending the sensititvity analysis of LR, they confirm the robustness of
previous results concerning variables such as investment and initial GDP (for the period 1960-
89). Differently from LR, however, they find government spending to be robust as well as some
distortionary variables, such as standard deviation of gross domestic credit, inflation and real

exchange rate distortion proxies.

2.2 Methodological advances in canonical growth regressions

Much of the discussion above typically refers to advanced tools in the empirics of long
run growth that each researcher would like to possess when he faces model uncertainty.
However, applications of some of these tools would require a change in the classical
econometric approach. Even if the computational power available to researchers is enormously
increased, we are not able to make predictions about widespread acceptance of Bayesian
procedures among the generality of researchers.

However, also in performing canonical growth regressions, some progress has been
made for parameter estimates to be more precise and consistent. Many scholars agree that
dynamic panel data estimator is the right methodology to overcome the rather frequent
endogeneity bias in the context of growth analysis.

It is common knowledge that in a cross section framework, in which data are averaged

for periods of 40 years or more, the estimated regression should be of the following form:
g; =ﬂ0+ﬁ1yio+ﬂzxi+ui 1)
where g; denotes the growth rate of real GDP per capita (or per-worker) averaged 30-40 year

period, yi is the initial level of real GDP per capita, X; is a vector of explanatory variables
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considered proximate determinants of economic growth, u; indicates the error term (for the
country index i=1,..., N), which contains unobserved country specific effects due to differences
in initial conditions. Hence, in a pure cross-sectional regression the unobserved country-specific
effect, being part of the error term, results in biased coefficient estimates.

To avoid endogeneity of regressors, simultaneity bias, as well as country-specific effects,
recent empirical studies have used time series dynamic panel data approaches (Islam [1995],
Caselli, Esquivel and Lefort [1996], Hoeffler [2000], Bond Hoeffler and Temple [2001]). To
exploit the time series dimension of data, averages for shorter periods of 5 years are used in the
regression. This allows to take into account unobserved country specific effects (country
varying time invariant) n;:

9, :ﬁ0+ﬂlyi,t_1+ﬁ2xit +17; + Vi, 2)
where @i indicates the average growth rate over a series of five year periods, and the error
components include n;, which is the country-specific effect as well as v;;, which reflects serially
uncorrelated measurement errors.

Equation (2) has problem of its own. The term n; may be correlated with X and standard
estimators do not overcome the problem of endogeneity which requires estimating the equation
in differences®. The problem has been addressed through the generalised method of moments
estimator (GMM) of Arellano and Bond (1991). The general approach is to remove the country
specific effects by using lagged levels of the regressors as instruments. In the empirics of
growth this methodology was thought to solve many of the shortcomings of regression analysis.
By eliminating the fixed effects, it avoids the problem raised by the omission of the initial level
of technology and by using lagged instruments also avoids the problem of endogenous
regressors. Since gy is the logarithmic difference of GDP per capita, equation (2) can be

rewritten as:

% It is known that a technique which takes into account for country specific effects is the within group estimator. This
method requires a transformation of variables by subtracting the time series variables from its mean for each country.
The fixed effects are eliminated but the estimates of coefficients are biased downwards for fixed time periods.
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Yie =Yiea = Bo + BiYia + BoXig 17 + Vi

and taking differences:

Yite = Yiia = ﬂl*(yi,t—l —VYir2) F B (Xig = Xi ) + (Vi =Vies) 3)
where B* = (B+1).

Thus, moving to a panel approach and instrumental variables for all regressors, provides more
precise estimates of the growth determinants, if moment conditions are satisfied. On the
assumption that the error term is not serially correlated and that the explanatory variables (X)
are weakly exogenous (not correlated with future realisation of the error term) the following
moment conditions should hold:

ELYi s (vii —Vis)]=0 fors=2, t=3,....T

E[X; s(vii —Vi)]=0 fors=2, t=3,....T

However, this approach raises a potential drawback that relates to the long run effect of
the variables in the regression. Data averaged over five-year periods does not adequately proxy
for steady-state relationships and it is possible that the coefficients capture the cyclical
variability of the time series.

From a statistical perspective there are additional problems with the GMM difference
estimator. When the time series of the explanatory variables are persistent, such as GDP, and the
number of time series is small (observations averaged over 5-year periods) the difference
estimator appears to produce unsatisfactory results in a growth context. The lagged levels of the
variables are weak instruments for the variables in differences and this would cause large finite-
sample biases in the presence of short panels. To address these problems the alternative GMM
system estimator has been employed, which uses jointly lagged values of the explanatory
variables (X ) in levels and lagged differences of the variables as instruments. Essentially the
procedure results in the use of lagged first differences as instruments for equations in levels, in

addition to the lagged levels of the variables in the equation in first differences (Arellano and
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Bover [1995], Blundell and Bond [1998]). The first set of estimated equations is the same as

above:
Yit = Yiea = ﬂl*(yi,t—l - yi,t—z) + B, (X = X i,t—l) + (Vi,t - Vi,t—l) (4)

and the second set of equations in the system are the level equations:

Yie = Bot :Bl*yi w t B X vy (%)

The equation in levels, still contain the country-specific effect. It is assumed, however, that X;
may be correlated with n, but changes in Xj;to be uncorrelated with n,, which is clearly a more
plausible assumption than that requiring the levels of X; to be uncorrelated with the fixed
effects (see Hoeffler [2000]). It is obvious that when the series are highly persistent the
instruments used by GMM (DIFF) contain little information about the endogenous variables,
but the extended use of GMM (SYS) is proven to produce more efficient estimates. To reduce
the potential biases and imprecision associated with the difference estimator additional moment

conditions for the regression in levels are:
ELYics = Vies) 07 Vi )]1=0
E[Xis = X ) +V,)]=0

These new conditions guarantee that the lagged first differences of the dependent variable is a
valid instruments for equations in levels, being uncorrelated with the composite error term in the
levels equation.

Although dynamic panel methodology applied to growth analysis is promising, it should
be recalled that just in the last years it has begun to be applied for testing NGT hypotheses.
Typically, it has been used to verify the neo-classical Solow model and the plausibility of the
rate of income convergence to their steady state levels (see Bond, Hoeffler and Temple [2001]).

Two weaknesses emphasised in the literature of panel data must be recalled: (i) the use of
differenced variables changes the interpretation of regression results, (ii) the range over which

average of variables are computed (five years or more) is shorter with respect to cross section
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studies and hence not adapted to capturing long run effects. In addition the problem of serial
correlation in the errors needs to be further explored (see Lee, Pesaran et al. [1997], Phillips
and Sul [2003]).

In our subsequent discussion we will not address statistical questions that have been
extensively reviewed in the literature, even if concerns of divergent outcomes from econometric
studies still remain. Why do some researchers find weak effects from physical and human
capital accumulation in the process of growth whereas some others find a robust correlation?
Why is the theoretical substantive role of externalities and the TFP stressed by the NGTs so
difficult to take out from growth regressions? We firmly believe that, in the first case, a
consensus would be attained if estimation were performed in strictly comparable conditions
with the same period data, the same model-estimation techniques and the same sample of
countries. In the second case our belief is that it is not the econometric methodology that is
questionable but the difficulty of measuring accurately some crucial variables such as human

capital, TFP and political-institutional variables.

3. Models and their empirical validation
3.1 Evidence on initial conditions

We start reviewing the empirical analysis by looking at initial conditions. The empirical
evidence is mostly based on convergence equations in which estimates of the sign of the
coefficient of the initial level of per capita GDP ( typically y;o in 1960) is considered the main
test for endogenous versus exogenous models of growth®. We argued that the convergence issue
no longer matters since it is unresolved either from a conceptual or statistical point of view.
However, we cannot discuss initial conditions without linking their impact on convergence of

income per capita across countries. Predicted convergence in the traditional model is based on

A convergence equation is a reduced form of a basic growth model and has been used to find not only evidence of
convergence paths (the estimated coefficient of initial income), but also as an indirect test of how different variables
are correlated with growth. The inclusion of such variables is appropriate to control for the steady state, since other
variables can affect the growth rate of the economies under study, but is not satisfactory to draw inferences about the
determinants of growth or to discriminate between alternative models. See the criticism of KRC (1997). Barro (1997)
claims instead that the procedure is quite correct.
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the assumption of a single worldwide production function featuring decreasing marginal returns
to capital. In such a framework differences in growth rates may be justified by initial differences
in capital intensities. Therefore, the disparities in growth performances that we observe across
countries are determined by different levels of capital accumulation as demonstrated by Barro
(1991, 1997) and by Mankiw Romer and Weil (1992). These studies have represented,
according to Klenow and Rodriguez-Clare (1997) the "neoclassical revival™ in the economics of
growth. The augmented Solow model was considered suitable to explain almost 80% of the
cross-country variance of output per-capita attributed to differences in steady state levels of
physical and human capital. Is a model that stresses convergence and initial conditions the best
approximation to the true model?

Even though it is very difficult to conclude in favour of one model or the other, the main
results of this literature have been severely criticised. Bernard and Durlauf (1995), Quah [1995],
Durlauf and Quah [1999], Phillips and Sul (2003) raised substantial criticisms by claiming that
convergence patterns are too complicated to be captured by simple growth regressions.

The first challenge to the old model and its prediction of convergence comes from the
application of panel data models. When controlling for differences in steady states by using
country-fixed effects in panel regressions, the speed of convergence is much higher than the one
implied by the classical studies, which is in the neighbourhood of two percent per year. The
range of estimates found in studies using dynamic panel models (GMM approach) goes from
zero to 30% a year (Canova and Marcet [1995], Caselli, Esquivel and Lefort [1996], Lee,
Pesaran e Smith [1997], Islam [1995])". These results are difficult to reconcile with the
prevailing theoretical framework and with the earlier consensus on the convergence hypothesis.
These estimates of the rate of convergence imply that the steady state is already here and the
transitional dynamics is too short as an explanation of cross country productivity differences.

Recently the effort to apply the GMM system to an estimation of the Solow model has

moved the rate of convergence across countries towards a more reliable value, which stays in

" See Temple (1999) for a wider and critical discussion on the early literature on convergence.
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the range of 1%-4% (see Bond, Hoeffler and Temple [2001], Doppelhofer et al. [2004]).
However, there are other challenges against the prediction of the neoclassical convergence
hypothesis and its theoretical implications.

One more challenge is the technology gap view, which moves a substantial and direct
attack to the early literature on convergence and to the Mankiw-Romer and Weil (MRW)
results, in which a consistent rate of convergence is obtained by adding human capital to the
convergence regression. In fact, a by-product of the panel approach to convergence study is the
estimated values of technology levels across countries. These levels according to Islam (1995,
2003) differ enormously across countries and the highest value is about forty times larger than
the lowest. The claim that technological progress matters more than factor accumulation in the
explanation of cross-country growth differences appeared firstly in a provocative way in the
already cited Klenow and Rodriguez-Claire study (KRC, 1997) followed very rapidly by similar
claiming by Prescott (1998), Hall and Jones (1999). KRC argue that the "ideas gap™ is more
important in explaining differences in output levels and growth rates than physical and human
capital. Updating the data and adding primary and tertiary schooling, which were absent in the
MRW study, they offer new evidence that technology-based models are more reliable in
explaining income divergence across countries than differences in human capital. Since primary
school attainments vary much less across countries than those of secondary school, the findings
of MRW overestimate the effect of variation in human capital across countries. After the
correction in the data, the earlier well-established outcome is reversed. Roughly, 90% of
differences in per capita income growth between countries are attributable to technology
differences. If, for comparison with MRW, we express the differences across countries in terms
of per capita income levels then, human and physical capital are responsible for roughly 50% of
cross country variations and the other 50% is attributable to changes in technology.

These new empirical studies on convergence were sufficient to shift the interest of
researchers from the Solow model to the NGTs. A further strong support to the NGTs has

appeared in a provocative paper by Easterly and Levine (2001), which complements the main
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conclusion of KRC and offers new elements to the debate. The KRC and Easterly and Levine’s
findings are confirmed by Caselli (2005). Updating the sample and the period of analysis, the
author tries to assess the performance of the factors-only model, and finds that this model
explains from 0.35 to 0.40 of the variance of income across countries. This value is less than the
value found by KRC. However, his basic message is that the differences in TFP, responsible for
the majority of income differentials, may be the result of the different composition of GDP
across countries and across sectors.

The consensus on the role of technology as a source of growth differentials is weakened
by the work of Henderson and Russell (2005). The two authors using a non-parametric
production function approach reverse the KRC outcome. Through the decomposition of
productivity growth in shifts in the production frontier (technological progress), movements
towards the frontier (technological catch-up) and movement along the frontier (capital
accumulation), the authors find that on average shifts of the frontier account for only 8% while
movement along the frontier accounts for 57%. This means that the majority of growth
productivity in 52 countries is attributable to broad capital accumulation and only a small
fraction of it to an increase in TFP.

A possible explanation of these conflicting findings is contained in some papers by
Acemoglu and Zilibotti (2001) Ayrar and Feyrer ((2002), Banerjee and Duflo (2005).
According to the first set of authors technology-skill mismatch could account for a large
fraction of the observed output per worker differences across countries. They argue that many
technologies used in LDCs, but discovered and implemented in OECD countries, are designed
for the workforce skills of industrialised countries. Therefore, even if we assume that all
countries have access to the same technology, the low skill supply of workers in poor countries
can lead to sizeable differences in TFP.

Ayrar and Feyrer, in an attempt to reconcile different points of view, present evidence
that shows how TFP differences are important in accounting for the cross sectoral (static)

variation in GDP but that other factors (human capital in their work) are crucial in determining
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the dynamic path of TFP. Beside human capital, other factors may include all kinds of spillovers
from countries at the frontier towards developing countries, such as the degree of openness, the
composition of a country’s trade, FDI etc.. This means that studies should consider the
possibility of interactions and spillovers between physical capital, human capital and TFP.

More articulated and abundant of extensive evidence, especially from the LDC, is the
paper by Banerjee and Duflo. In order to solve the puzzle of non-convergence they re-propose
an old criticism based on the use of an aggregate production function and its underlying
assumptions of optimal resources allocation within each economy. In contrast to what the
aggregate production function approach implies, they show evidence from micro-development
literature of the wide range of rate of returns to a single factor in each economy and of how such
heterogeneity parallels the one existing across countries. The authors argue that this striking
evidence is a clear signal of factor misallocation, which can have different causes and to a lesser
extent the one of overall technological backwardness. Various possible sources of inefficiencies,
such as government failures, credit constraints, insurance failures, externalities, and the
existence of large fixed costs in production, are all considered as potential explanations of cross-
country growth differences.

On the same line of reasoning is the technical paper by Phillips and Sul (2003), which
adds further arguments to the discussion. By allowing for parameter heterogeneity, not only
across-countries but also over-time, and using filtered techniques to extract estimates of a
transition parameter, they examine the evidence for growth convergence by testing whether or
not the transition parameter converges. By eliminating the restriction that the growth rate of
technical progress is the same across units and over time, they argue that a poor country may
grow faster because its speed of technical learning or technological transfer is faster than the
speed of technological creation in a rich country. When the rate of technological creation is
higher than the rate of technological transfer, divergence in growth path is likely to occur.

Applying their technique to Penn World Table (PWT) data set from 1960 to 1989 for 120
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countries they find that transitional dynamics “reveal an elusive shadow” of conditional
convergence in both the US regional and the OECD growth rates.

In what follows we discuss more extensively empirical studies for each variable
considered a determinant of growth to investigate whether the empirical literature rejects or is
supportive of competing NGTs. As stated at the outset, we believe that the interplay between
factor accumulation, technological progress, 