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Neoclassical ConvergenceVersusTechnological Catch-Up:
A Contribution for Reaching aConsensus

Alain Desdoigts (EPEE, Universitéd’Evry-Val d’Essonne)

May 2000

Abstract

New macro empirical evidenceisprovided to assess the relative importanceof object and ideagaps in explain-

ing theworld incomedistributiondynamics. Formal statistical hypothesistestsallow ustodiscriminatebetween

twocompeting growthmodels: (i) thestandardneoclassical growth model similar to that employedby Mankiw,

Romer, and Weil (1992), (ii) an extension of the Nelson and Phelps’ approach (1966) that emphasizes the im-

portance of technology transfer in addition to factors accumulation. First, the latter model better characterizes

international dataat an aggregate level. It cannot be rejected asanull hypothesisand is significantly preferred

to astandard neoclassical model. Second, robust to sampleselection evidencesuggests that thehigh social re-

turns to investment in equipment (asopposed to structure) ref lect technology transfer mediated through capital

goods. Finally, technological catch-up mostly benefits ‘‘socially’’ advanced economies and largely contributes

to thepolarization of theworld incomedistribution.
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‘‘We could produce statistical evidence that all growth came from capital accumulation, with no room for any-

thing called technological change. But we could not believe it.’’

Romer (1993; p. 562)

1. Introduction

In theneoclassical theory, even though theassumption of acommon rateof technological progressacrossaworldwide

set of countriesishardly defensible, technology isassumed tobeapurepublic good that isavailableto everyoneevery-

where free of charge. In contrast, an alternative view suggests that poorer countries may suffer from a technological

gap. This requires technology to be considered less public. Total factor productivity growth may thus differ across

countries, at least for a transitional period, depending, for instance, on both the technological gap and the absorption

capacity of anation. Both approaches may exhibit an opportunity for countries lagging behind to catch up, though for

different reasons. In theneoclassical theory, poorer countriesmay convergeto rich onesbecausetherearediminishing

returns to capital. In the technology-gap approach, a high absorption capability makes it easier for a poor country to

catch up becauseof theopportunity for faster growth through technology adoption and implementation.

Becauseboth approachesarenot mutually exclusive, I investigatewithin aunified theoretical and empirical frame-

work therelative importanceof both thesephenomenaat an aggregate level. Thefirst alternativehasbeen empirically

investigated in a seminal contribution by Mankiw, Romer, and Weil [14] who are able to account, within a cross-

country growth regression explicitly derived from aneoclassical growth model, for 46% of theobserved dispersion of

growth rates across countriesover thepost World War II period. They consider ahuman capital augmented version of

the Solow [21] growth model and conclude that (p. 433): ‘‘ ...our results indicate that the Solow model is consistent

with the international evidence if oneacknowledges the importanceof [theaccumulation of] human as well as physi-

cal capital.’’ In particular, there is conditional convergence in the sense that lower initial values of output per worker

generatehigher transitional growth rates, once thedeterminants of thesteady statearecontrolled for.

Nelson and Phelps [16] providean early exampleof a formal model that incorporates the idea that acountry may
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benefit from its technological backwardness depending on its absorption capability that can be approximated by its

stock of human capital. They suggest that the growth of total factor productivity is a function both of the level of

human capital and the technological gap because an educated labor force is expected to be better at adopting foreign

technologies, thereby generating growth (see also Abramowitz [1] for a more recent but less formal contribution to

this line of research). Benhabib and Spiegel [4] take seriously this alternative and provide an interesting empirical

criticism of Mankiw, Romer, and Weil’s conclusions. Within a growth accounting exercise, they find that growth

remainsessentially uncorrelated with educational achievement when oneconsidersan augmented Solow model where

human capital isnothing but an ordinary input in theaggregateproduction function, but educational attainment levels

becomesignificantly correlatedwithgrowthwhen oneassumesasinNelsonand Phelpsthat thestock of humancapital

positively affects therateof diffusion of theexisting technology1.

To assess the relative importance of the opportunity to catch up because of diminishing returns to reproducible

factors as in a neoclassical framework and the opportunity to catch up because of differences in technology, I present

a simplegrowth model characterized by aneoclassical production function that exhibits constant returns to scaleand

where education speeds up technological diffusion through the economy as in Nelson and Phelps. Following De la

Fuente [6] , I then explicitly derive and estimate a convergence equation whose fit and specification which incorpo-

rates both theneoclassical convergenceeffect and the technological catch-up effect, can becompared to theempirical

results found by Mankiw, Romer, and Weil. In particular, specification statistical testing allows us to choose among

thetwo competing models. Proceeding thisway, also allowsusto analyzewithin an unified empirical framework, one

which has already been shown to havesome success2, whether traditional inputs and/or productivity are important in

explaining international growth differences. Finally, Fagerberg [11] , in an insightful survey on technology and inter-

national growth differences, emphasizes a key finding of an inf luential article by De Long and Summers [8] . These

two authors suggest that their high estimated social returns to investment in equipment (as opposed to structures) may�
Both these empirical studies also raise another crucial economic issue. Is growth primarily driven by the accumulation of human capital as in

Mankiw, Romer, and Weil, or are differences in growth rates primarily due to differences in human capital stocks that act as a factor constituting
a country’s ability to engage in technological progress? Aghion and Howitt [2] emphasize how important it is to distinguish between these two
frameworksbecause they deliver different insightsas to the growth effects of various educational policies.�

Traditionally, researchers that focus on productivity adopt an approach based on growth accounting. In order for my results to be directly
comparable to the seminal Mankiw, Romer, and Weil’s contribution, I voluntarily choose to use their approach, that is, one of estimation.
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to someextent ref lect technology transfer mediated through capital goods. The share of equipment in output may be

important inexplaininggrowth in total factor productivity. It is, therefore, alsoused in thestatistical analysisasaproxy

of theabsorption capability of anation.

Romer [18] stresses how important it is to assess the relative importance of what he calls ‘‘object gaps’’ versus

‘‘ ideagaps’’ becauseeach impartsadistinctivethrust to theanalysisof economic development. Even though hisnotion

of idea gap is quite wider than the notion of technological gap invoked here, this article aims precisely at providing

new evidence about the relative importanceof ideas versus objects in international growth differences3. It makes use

of aformal model and statistical hypothesistesting that allow usto fully appreciatewhether data isconsistent with the

view that there are only object gaps as in an augmented human capital Solow model, or with the view that both idea

gapsand object gaps are important to explain theworld incomedynamics.

This article is organized as follows. In Section 2, I present a descriptive growth model that allows for both the

neoclassical convergence effect and the technological catch-up effect, and explicitly derive a convergence equation

from it. In Section 3, I estimatethemodel and compare it to aMankiw, Romer, and Weil’s specification by associating

with each model estimated loss functions. Nonnested specification testsalso allow usto discriminatebetween thetwo

rival models. A key finding isthat theMankiw, Romer, and Weil’sspecificationshouldbeeither discarded or improved

as compared to aNelson and Phelps’ specification when theabsorption capability of acountry is approximated by its

shareof equipment investment in output and interactswith itsbackwardness to affect the level of productivity. Robust

tosampleselectionmacroempirical evidencestrongly suggeststheimportanceof technology transfer mediatedthrough

capital goodsassuggested, for instance, by DeLong and Summers [8] . When theabsorption capability isproxied by

thestock of educationat tertiary levels, theMankiw, Romer, andWeil’sspecification isalso rejectedasanull hypothesis

against a nested version of the Nelson and Phelps’ specification when I consider a ‘‘non oil’’ and an ‘‘ intermediate’’

sample of countries, and the OECD group. With stocks of human capital at secondary levels, both models appear

to well characterize the data for a world wide set of countries, though a preference may be given to the Nelson and�
Romer’snotion of object gap highlightssaving and accumulation asemphasized, for instance, by Mankiw, Romer, and Weil, whilehisnotion of

idea gapsdirectsattention to the patternsof interaction and communication between nations. This notion of idea gapsencompassesboth the social
absorption and the technology gap concepts introduced by Nelson and Phelps in their formal model.
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Phelps’ approach given the probabilities to commit a first error type. As for education at tertiary levels, the Nelson

and Phelps’ model ispreferredwhenapplied to theOECD sample. Finally, inSection 4, counterfactual incomedensity

estimates provide a visually clear representation of where in the density of incomes the different convergence effects

exert the greatest impact over theperiod under study. Although theneoclassical convergenceeffect affects uniformly

theworld incomedistribution, thetechnological catch-uphasimportant nonlinear effectsontheevolutionof theincome

distribution. In particular, it yields themiddle-income group of countries to vanish. It appears to bea key factor that

is, at least partially, responsiblefor thepolarization of theworld incomedistribution that hasbeen highlightedby Quah

[17] . This corroborates, among others, Abramowitz who argues that only those poorer countries that benefit from a

high absorption ‘‘social capability’’ will be able to catch up. Section 5 concludes and discusses some implications of

theseempirical results.

2. A Growth Model with Factor ’sAccumulation and Technological Diffusion

In this section, I develop asimplegrowth model and explicitly deriveaconditional convergenceequation whereedu-

cation speedsup technological diffusion throughout theeconomy as in thepartial Nelson and Phelps’ model. I closely

follow thedescriptivegrowth model proposed by De laFuente.

Let us start from an aggregate Cobb-Douglas production function exhibiting constant returns in labor and repro-

duciblecapital as in Mankiw, Romer, and Weil of the form

� � � � � 	 
 � �  � � � � � � � � � � � � �
(1)

where � is an index of labor-augmenting technological progress. � denotes a broad physical capital aggregate4,

and � the labor forcesuch that � � � �  � � ! " # $ % , with & an exogenous constant growth rateof the labor force. Define'
asthestock of capital per unit of effective labor, then output per worker is

( )
may be interpreted as a capital aggregate that includes both human and physical capital as in the augmented human capital Solow model

proposed by Mankiw, Romer, and Weil.
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* + , - . / + , - 0 + , - 1 (2)

Growth of output per worker is therefore the result of theaccumulation of theproductive inputsor theoutcomeof

technological progress. Taking logarithms of (2) and differentiating with respect to time, the rate of growth of output

per worker can bewritten as thesum of two termsthat ref lect, respectively, growth in total factor productivity and the

accumulation of reproducible factors

23 4 5 63 4 5 6 7 8 9 : ; < = > = ? @ @ A B C D E F G H I J K L M N O P Q R S T U V W (3)

The problem consists in specifying the immediatedeterminants of X Y and X T . Let us start with thesecond factor.

Theevolution of physical capital isgiven by

X T U V W Z [ \ ] ^ _ ` a b c d e f g h d i j f k l (4)

where m is aconstant fraction of gross income invested in physical capital and k therateof depreciation.

With n o p q r s t , the behavior of the dynamical system described by (4) is such that the system is stable, and the

stock of capital per unit of effective labor converges to its stationary value u v , characterized by

w x y z { | } ~ � � � � �� � � � � � � � � � � � (5)

The implications of this result for convergenceare now well-known. Two economies with thesame values of the

parameters, � , � , and � , and that have access to the same technology but that differ in their initial capital stocks will

converge to a similar stock of capital per unit of effective labor. This is the neoclassical convergence effect which

results from thediminishing returns in reproducible factors’ assumption.

I now specify the determinants of the rate of technological progress as in Nelson and Phelps, where the rate of

technological progressisdriven by thestock of human capital, which in turnaffectsacountry’sability to catch up with

more advanced economies. Define a technological distance between � � � � and the best-practice level of technology
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� � � �
, that would prevail if technological diffusion were completely instantaneous.

� � � �
expands at a strictly positive

exogenous constant rate, � . Improved technological practice is assumed to depend upon educational attainment and

upon thegap between thetheoretical level of technology and the level of technology in practice. Morespecifically

� � � � �   ¡ ¢ £ ¤ ¥ ¦ § ¨ © ª « ¤¬ ª « ¤  with ® ª ¯ ¤ ° ¯ ± and ® ² ³ ´ µ ¶ · (6)

Notefirst that, in thelongrun, if ¸ ispositive, therateof increaseof thelevel of technology inpracticesettlesdownto

thevalue ¹ , independently of theindex of educational attainment. Thus, education inf luencesthegrowth of total factor

productivity only in theshort run. Second, in astagnant economy (¹ º · ), thegap, defined as » ¼ ½ ¾ ¿ À Á Â ¼ Ã ¼ ½ ¾ Ä Å ¼ ½ ¾ ¾ ,

approaches zero for every Æ Ç È . Finally, there is a positive equilibrium gap ( » É ¼ ½ ¾ ¿ À Á Â ¼ Ã ¼ ½ ¾ Ä Å É ¼ ½ ¾ ¾ ) for every Ê
and Æ where,

Ë » ¼ ½ ¾Ë ½ ¿ È Ì Í Î Ï Ð Ñ and Ò Ó Ð ÑÔ Õ Ö × (7)

Theequilibrium gap isan increasing functionof Ñ and adecreasing functionof theindex of educational attainment.

Substituting (6) into (4) leads

Ø Ù Õ Ú × Ð Û Ü Õ Ú × Ý Þ ß à Õ á â Ô Õ Ö × Ò Õ Ú × â ã ×
(8)

Thetransitional dynamicscan bequantified by using alog linear approximation of (8) around thesteady state. The

solution for ä å æ Õ Ü Õ Ú × ×
given theaboveCobb-Douglas technology is

Ø Ù Õ Ú × ç è é ê ë ì í î ï ð ì ñ î ê ò ì í î
(9)

with ó ô ì õ ï ö î ì ÷ ø ù ø ú î
that determines the speed of convergence from

ë ì í î
to

ë û
.

ê ë ì í î
, respectively

ê ò ì í î
,

is equal to ü ý þ ì ë ì í î ÿ ë û î
, respectively

ò ì í î ï ò û
, and denotes the deviation of the stock of capital per unit of effective

labor, respectively of thetechnological gap, from its steady statevalue.
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Given (2), (3), and (9) wehave5

� � � � � � � � � � � � � � 	 
 � � � � � � � � 	 
 � �  � � � � � � � � � 	 
 � � � � � � � � � � � � � � � � (10)

It remainsto incorporate in (10) thebehavior of thetechnological variable. Notethat � � � � � � � � � � � � � � � � � � � , the

timepath of � � � � isgiven by

� � � � � � � � � � � � � �  ! " # $ % & ' ( ) * + ,  ! - or . # % / - 0 . # % 1 - ( ) * + ,  ! (11)

Substituting (11) into (6) and using (7), the rateof technological progressat time 2 isgiven by

3 4 % 2 - 0 5 % 6 - # % 2 - 0 5 % 6 - 7 8 9 : ; < = > ? @ A B C DE F G H F I J K L M N O P B H Q R S T U V W X Y Z [ \ ] ^ _ ` a b c d e f
(12)

Integrating (12) from g to h , weobtain thetimepath of the logarithm of theproductivity index

i j k l m l h n n o i j k l m l g n n e f h e p q l g n l r s t u v w x y z n (13)

Substituting now (11), (12), and (13) into (10) leads to the following convergenceequation

{ | l h n } ~ l � n � p q l g n t u v w x y z d e f s � � i j k l � l h n n � e � � i j k l m l g n n e f h e p q l g n l r s t u v w x y z n d
(14)e � � i j k l � � n s � ~ l � n p q l g n t u v w x y z e � i j k l � l g n n s � i j k l � l g n n

Note that
p q l g n o q l g n s q � o i j k l � l g n � m l g n n s f � ~ l � n . If wedefine � � � � � � � � � � � � � � , then (14) can be

rewritten

� � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � ¡ �� ¢ � ¡ � � � � £ � ¡ �� ¢ � ¡ � � � � � � � � � � � (15)

� � �� � � � � � ¤ � � � ¥ � � � �¦ � � � § � �� � � � ¨ � © � ¢ � ª « ¬  ® ¯ °
±

and it becomesnow clear that asymptotically thetechnological gap of agivencountry convergesinthelongruntoaconstant value ² ³ ´ µ ¶ · ¸ ¹ º .
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Following Barro and Sala-i-Martin [3] and Mankiw, Romer, and Weil, themodel predictsconditional convergence.

Acrossaset of economies that approach thesamesteady state, poor countries should grow faster on average than rich

countries because of diminishing returns to capital accumulation. Following the traditional conditional convergence

literature, thegrowth rateof output per worker isan increasing function of investment inphysical capital anddecreases

with the log of thecontemporaneouslevel of income, and with thegrowth rateof the labor force. However, in contrast

to thepreviousliterature, education doesnot enter asanother ordinary factor of production that affectsgrowth through

its rateof accumulation6.

Instead, equation (15) isconsistent with theSchumpeterianapproachandsuggeststhat humancapital drivesgrowth

by affecting acountry’sability to catch up with moreadvanced countries. Another important reason why convergence

should occur in this model is technology diffusion whose speed depends on the available stock of human capital.

The larger the technological gap the faster thebackward countries’ growth rate is onceonecontrols for differences in

factors’ accumulation aswell asdifferences in theabsorption capability. Thestock of humancapital inf luencesgrowth

during transition in two specific ways. On the one hand, the growth of output per worker is a decreasing function of

the equilibrium gap that is itself a decreasing function of the stock of human capital. On the other hand, for a given

stock of human capital, the growth rate of output per worker increases with the deviation of the initial technological

gap from theequilibrium gap. Recall that » ¼ ½ ¾ ¿ À Á ¾ Â Ã Ä Ã Å À , thehigher theavailablestock of human capital, the

morean economy isableto adapt and implement technologiesdeveloped elsewhere. However, thecontribution of the

catch-up processalso decreaseswith timeasitsproductivity level convergestowards thetechnological frontier and the

rateat which it converges to zero also depends positively on thestock of human capital.

Differences in education aretherefore important to explain differences in growth rates. However, in contrast to the

Mankiw, Romer, and Weil’s approach, growth is not driven by the accumulation of human capital, where differences

in the rates at which countries accumulate can explain why growth rates differ. Instead, growth is driven by thestock

of human capital, which in turn affects a country’s ability to absorb new technologies and therefore to catch up. InÆ
It would bestraightforward to consider a nested model wherehuman capital entersasan input in theproduction function as in Mankiw, Romer,

and Weil who rather specify the following production function: Ç È É Ê Ë Ì Í É Ê Î Ï Ð Ñ Ò Ó Ô Õ Ö × Ø Ù Ú Û Ü Ü Ý Þ ß Þ à . This more general model is estimated
and discussed in the following section.
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other words, the world is not composed of economies that all benefit from the stateof the art of technology which is

considered in a neoclassical framework as a pure public good, but of economies that do not have access to the same

level of technology, and that may benefit from their lagging behind according to their absorption capability asproxied

by their stock of human capital.

3. Growth Regressions

3.1 Data and Specification

Toinvestigatetherelativeimportanceof thetechnological catch-upprocessandof theneoclassical convergenceeffect as

proposed in theabovemodel, I usedatafromMankiw, Romer, andWeil [14] , anddataconstructedby Nehru, Swanson,

and Dubey [15] . The data from Mankiw, Romer, and Weil will be used in a benchmark regression, to compare the

above model where human capital enhances an economy’s ability to adapt and implement new technologies, and the

Mankiw, Romer, and Weil’s human capital augmented version of theSolow model.

Thestock of human capital is approximated by using recent series of estimates of thestock of education provided

by Nehruet Al. whoproxy humancapital by theaccumulatedyearsof schoolingpresent in theworkingagepopulation.

Theseseries arebuilt from enrollment data using theperpetual inventory method adjusted for mortality. The stock of

human capital at time á is therefore, built up from past investments in schooling. Although theseestimates werebuilt

to calculate total factor productivity growth for a wide range of economies, I propose here to use them in traditional

growth regressions as suggested by theabovemodel7.

Three aspects of the choice of variables deserve some discussions. First, Nehru et Al. provide education stocks

for 73 countries that intersect with theoriginal Mankiw, Romer, and Weil’s ‘‘non-oil’’ sampleof developing and indus-

trialized countries and with the De long and Summers [9] data on equipment investment. The human capital stocks

data available in Benhabib and Spiegel [4] covers a smaller number of countries. Second, following Benhabib and

Spiegel, the technological catch-up effect iscaptured viaan interactive term that involves theaverageeducation stockâ
Note that I will consider the education stocks built up from both the secondary and tertiary enrollments. If, as suggested by the above model,

more human capital facili tatesthe absorption of foreign technology, it is likely to be especially important for education at the secondary and tertiary
levels.
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over theperiod (ã ) and thegap of acountry behind theleader at thebeginning of theperiod in termsof thelevel of ini-

tial output per working-ageperson ( ä å æ ç è é ê ë ì í î ï ð ñ ). This specification also follows Barro and Sala-i-Martin who

acknowledge in their conclusion the possibility that the convergence observed from the estimation of a convergence

equation similar to that of Mankiw, Romer, and Weil should be broken down into at least two components, ref lecting

both diminishing returns to capital and effects that involve the spread of technology8. Abramowitz also emphasizes

the importance of such an interaction term suggesting that a country’s potential for rapid growth will be strong only

if it is technologically backward but socially advanced where education can be seen as a good proxy of the absorb-

ing capability of a country. Finally, the stock of human capital also acts independently of any other variables in the

convergence equation (15) because it also determines the equilibrium technological gap that also inf luences contem-

poraneousgrowth. It is therefore, also introduced in thegrowth regression estimated below though wecan expect that

it will contribute to the emergence of collinearity problems9. More specifically, I specify the following convergence

equation:

ò ó ô õ ö ÷ ø ù ú û üý þ ÿ � � � � � � � � � 	 
 � � � �  � � � � � � � � � � � � � � � � � � �  ! � " # $ % & ' ( ) $ % * + , - . / 0 1 2 3 4 . / 0 5 6 7 8 9 (16)

where 8 9 isanormally distributed error term ref lecting acountry-specific shock. Thedependent variable is the log

differenceof output per working-ageperson over theperiod. : ; < isGDPper working-ageperson in 1960. Theshares

of real investment in real GDPand population growth ratesareaveragesfor theperiod 1960-1985. = > ? @ A isassumed

tobeequal to < B < C asinMankiw, Romer, andWeil. All thesevariablesareborrowed from theMankiw, Romer, andWeil

dataset except theaveragestock of human capital over theperiod that is issued by theNehru et Al. data set. Results

obtained with the estimation of equation (16) can therefore be directly compared to results obtained with a Mankiw,

Romer, and Weil specification where the rate of accumulation of human capital is proxied by the average percentage
D

Much of the technological catch-up literature also includes per worker output as a proxy for the scope for catch-up. (See for instance, the
insightful survey on technology and growth by Fagerberg.) The choice of thisproxy must be seen asa good point from which to start to assess the
relativeimportanceof object and ideagapsat an aggregatelevel if output per worker ishighly correlated with thelevel of technological development.E

Note the similarity with equation (15) and the following structural specif ication of total factor productivity growth estimated by Benhabib and
SpiegelF G H I J K L M N O P Q R S T U V W X Y Z [ \ ] ^ _ ` a ^ b c d e f g h i j k l m n o l m p

where q representsexogenoustechnological progress, r s m
representsendogenoustechnological progressassociated with theability of acountry

to innovate domestically, and t s m u v l w x j k l m n o l m p
represents the diffusion of technology from abroad.

11



of theworking-agepopulation in secondary school for theperiod 1960-1985 ( y z { | | } ). Thegoal isto seewhether

the technological catch-up effect as specified in equation (16) allows us to makeprogress in explaining theevolution

of the world income distribution and to solve the problem of how to map dataon educational attainment into growth

models.

3.2 Empir ical Results

3.2.1 Ratesof Accumulation VersusLevels of Human Capital

Theresultsof estimating equation (16) arepresented in Table1 for threesamples that intersect with the ‘‘non-oil’’ , the

‘‘ intermediate’’ and theOECD samplesof countriesanalyzed by Mankiw, Romer, and Weil together with an estimation

of their augmented Solow model. I call them theMRW and theNPmodels. TheMRW estimations areused asbench-

mark regressionsthat I compareto theregressionsobtained with thecompeting NPmodel. Although, theMRW model

isestimated on asampleof ~ � non-oil countries instead of � � in theoriginal contribution, estimationsusing these two

samples providesimilar results. This isequally true for the intermediateand OECD samples.

I f irst concentrateandanalyzeresultsissuedby theestimationscorresponding to thenon-oil sampleso that I expect

to beable to choose thebest model among the two. First, thegoodness-of-fit as measured by theadjusted- � � and the

Akaike information criterion (AIC) that take into account thetrade-off between thegoodnessof fit and thecomplexity

of themodels, does not allow us to discriminatebetween both models. TheAIC isslightly smaller in theMRW model

(� � � � ) as compared to the NP model (� � � � ), but this is because the AIC imposes a greater penalty to increasing the

number of independent variables than does theadjusted- � � .

Note first that, indeed, the NP model is originally specified so that the stock of human capital enters twice in the

regression though it is intended to capture only the technological catch-up effect. Second, neither thestock of human

capital (� ) nor the interaction term (� � � � � � � � � � � � � � � � � ) is significantly different from zero. In the absence of

multicollinearity, thechoicebetween both models would beobvious. However, theconditional number that measures

collinearity ishigher in theNPmodel (� � � ) ascompared to theMRW model ( � � � ). Collinearity may, therefore, substan-

tially inf late thevariances of thecorresponding estimated coefficients. Only oneof these two variablesshould maybe
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Dependent variable: log differenceGDPper working-ageperson 1960-1985

Sample Non-oil Intermediate OECD

Observations 73 65 21

�
Model selection MRW � SW NP SNP SW MRW SW NP SNP SW MRW SW NP SNP SW

Constant 2.58 1.98 2.44 3.01 1.71 2.38 3.05 -0.03 0.70�
(0.00) (0.07) (0.00) (0.00) (0.11) (0.00) (0.02) (0.98) (0.00)

ln(Y60) -0.27 2 -0.19 -0.13 3 -0.36 2 -0.18 -0.14 3 -0.38 1 -0.05

(0.00) (0.01) (0.01) (0.00) (0.03) (0.01) (0.00) (0.72)

H2.ln(Y60� � � /Y60) 0.14 0.19 2 0.18 0.22 2 0.27 0.30 1

(0.12) (0.00) (0.07) (0.00) (0.03) (0.00)

ln(I/GDP) 0.57 1 0.57 0.57 1 0.48 1 0.51 0.52 1 0.28 2 -0.04

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.11) (0.86)

ln(n+g+� ) -0.57 4 -0.34 -0.73 4 -0.37 -0.74 3 -0.40

(0.07) (0.32) (0.02) (0.28) (0.04) (0.22)

Ln(School) 0.15 3 0.27 3 0.27 4

(0.05) (0.00) (0.07)

H2 0.07 (0.04) -0.13 -0.16 2

(0.59) (0.73) (0.23) (0.00)

d.f. 68 70 69 60 59 61 16 15 18

s.e. 0.311 0.311 0.306 0.292 0.300 0.294 0.140 0.123 0.119�  
0.46 0.47 0.48 0.45 0.42 0.45 0.64 0.72 0.74¡ ¢
3.6 4.7 2.4 3.6 4.5 2.1 1.7 6.3 1.8

AIC 41.4 44.1 38.3 30.2 34.1 31.9 -18.1 -22.4 -26.7£
LM-test 1.83 1.95 2.42

Table 1: Tests for neoclassical convergence and technological catch-up where the absorption capability of a nation is
approximated by its stock of education at secondary levels.
Notes:

a. MRW corresponds to theMankiw, Romer, and Weil specification. NP is for Nelson and Phelps and corresponds to the specification as described by equation (16) in

the text. SNPcorresponds to the model nested within theNP model and selected by thechosen variableselection method. SW is for stepwiseprocedureas described in

the text.

b. In and out order of thevariableseither added or removed from themodel issued by thestepwiseprocedure.

c. p-values, i.e., themarginal signif icance level of a two-tailed test of thehypothesis that thecoefficient is equal to zero, are in parenthesis under coeff icient estimates.

d. ¤ is the conditional number measuring collinearity.

e. Breusch and Pagan’sLagrangeMultiplier test for nested models asdescribed in the text.
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bespecified in theNP model with loss of information expected to beminimal.

To select a restricted version of this model, astepwiseprocedure is applied. Thestepwiseprocedure is amodified

forwardmethod. A forwardselectionprocedurestartswithnovariablein themodel and first selectsthat variablewhich

has the highest correlation with the dependent variable. In a second step, another variable is added that increases the

sumof squaresmorethanany other variable. Onevariableisaddedat atimeuntil astopping ruleismet. Theprocedure

stopsif theF-test for eachof thevariablesnot yet enteredwouldbelessthansomepredeterminednumber, say ¥ ¦ § . This

method has the disadvantage that it does not eliminate variables that can become nonsignificant after other variables

have been added. The stepwise procedure also starts with no independent variable and selects variables one by one

to enter themodel as in the forward method. But after each new variable is entered, thestepwiseprocedureexamines

every variablealready in themodel to check if it should bedeleted, just as in abackward elimination procedure. The

backwardelimination method isquitesimilar to aforward method, except that it startswith thefull model, and, at each

step, removesthat variable that has thesmallest F valueof all thevariables in theequation. Theprocedurestopswhen

theF-test for all thevariables left in themodel isbigger than somepredetermined number, say ¥ ¨ © ª . At each step, the

stepwise algorithm thereforeconsiders four alternatives: add avariable, deletea variable, exchange two variables, or

stop10. In thecalculations, theprobability F-to-enter (F-to-remove) is set to « ¬  ® (« ¬  ¯ ) to prevent infinitecycles.

It is interesting to noticethat themethod selectsamodel (SNP) asdescribed in Table1 whereboth theneoclassical

convergenceeffect and the technological catch-up effect asproxied by theinteraction term arespecified together with

therateof accumulation of physical capital11. TheSNPmodel imposessomerestrictionson theparametersassociated

with the NP model. A testing procedure is required to assess whether the SNP model defined as the null hypothesis

is indeed nested in theNP model specified in thealternativehypothesis. A LagrangeMultiplier test cannot reject at a

°
-percent significance level theselected model as a restricted or specific version of theNP model12. TheSNP model

± ²
It isgenerally accepted that the stepwise procedure isvastly superior to the other stepwise procedures.± ±
The labor force growth rate doesnot enter the selected model. This is by now a standard result that the empirical relationship between growth

and thisvariable isnot ‘‘ robust’’ (see, for instance, Levine and Renelt [13] ).± ³
The Lagrange Multiplier test for nested models applied here has been derived by Breusch and Pagan [5] who have shown that for l inear

hypothesison linear models, the LM principle involvesonly two OLSregressions. The test procedure isas follows:
(i) the null hypothesis specif ies the selected model (SNP) as a restricted version of that of the alternative hypothesis that specif ies the NP

(unrestricted) model,
(ii) estimate the residuals from the nested model,
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is therefore nested within the NP model. The selected model is now characterized by a greater adjusted- ´ µ (¶ · ¸ ¹ ),

a smaller AIC ( º ¹ · º ) and a smaller conditional number ( » · ¸ ) as compared to the MRW model, solving therefore the

problemsof collinearity andof degreesof freedomasmentionedabove. According to thesecriteria, theselectedmodel

nested within theNPmodel is to bepreferred to theMRW model.

Also interesting is the ordering of the independent variables added in the model by the stepwise method. Recall

that when avariable isadded, adjusting for theexplanatory variablesalready in theequation, it has thehighest sample

partial correlation in absolute value with the response variable, it is worth noticing that once the variable ref lecting

the rate of accumulation of capital is entered, the interaction term is added followed by the initial level of income.

None of thesevariables is removed subsequently. This suggests the relative importance of the technological catch-up

effect compared to theneoclassical convergenceeffect. Finally, thesizeof theestimated coefficient associated with the

neoclassical convergenceeffect in theselectedmodel lowersby ¼ ¶ percent compared to itsestimatedvaluein theMRW

model. Thus, thespeed of convergencedue to diminishing returns decreasessubstantially oncewecontrol differences

in technology asmodelledby NelsonandPhelps. Poorer countriesmay thereforebenefit frombothdiminishing returns

to capital and technological gapsonceonecontrolsfor differences in physical capital accumulation. Hence, there isno

reason to reject that differences in technology stand as an important part of theconvergence phenomenon that poorer

countriesmay haveexperienced over theperiod.

JA-test
Non-oil Intermediate OECD

H0 H1

SNP MRW 0.34 0.04 0.49

MRW SNP 0.10 0.23 0.01

p-value p-value p-value

Table2: Nonnested hypothesis test: MRW versusSNP.
Note: theJA-test performs a test of specif ication of non nested models asdescribed in the text.

(ii i) regress them on the original variables from the model under the alternative hypothesis,
(iv) calculate the statistic ½ ¾ ¿ from thissecond regression, where À is the number of observations,
(v) compare it with the critical Á percent value of a Â ÃÄ where Å is the number of constraints implied by the null hypothesis. For Å Æ Ç

( È É Ê , Ë Ì Í ), Î ÏÐ Ñ Ò Ó Ô Ô ( Õ Ö × Ø , Ù Ú Û Ù ).
If Ü Ý Þ isgreater than ß Þà , we reject the null hypothesiswith a 5 percent f irst error type probability, i.e., to reject the null when it is true.
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I now turn to testing between theMRW and theselected model that arenonnested modelsas they arecharacterized

by non-overlapping independent variables. I apply a JA-test that comes about by applying, in a slightly modified

form, theCox principle that generalizes the likelihood ratio procedureused in thecaseof nested hypothesis. It has the

advantage, in contrast, for instance, to theJ-test developed by Davidson and MacKinnon [7] , to remain valid for small

samples13. Results of the test are provided in Table 2. When the selected model is specified as the null hypothesis

and theMRW as thealternative hypothesis, it is not rejected. However, this does not mean that it must necessarily be

preferred to the MRW model14. Once the models are reversed with the previous alternative hypothesis becoming the

null, the test tends to reject the MRW model with a much smaller probability of committing a first error type, i.e., to

reject it though it is the true model. Given the size of the p-values, á â ã ä when the null specifies the selected model

against á â å á when the null specifies the MRW model, we can conclude that the MRW model is rejected with a much

smaller probability to be wrong in rejecting it, compared to the probability to be wrong in rejecting the SNP model.

In other words, there is no evidence that theSNP model is misspecified. Both models can be accepted and appear to

fit satisfactorily the data or at least to equally well characterize them, though the SNP model may bepreferred to the

MRW model given theone typeerror probabilities.

I also specify a more general model that incorporates both the MRW model and the NP model. This model is

equivalent to an augmented human capital model with a neoclassical production function as in Mankiw, Romer, and

Weil but where technological progress is modelled as in Nelson and Phelps. Not surprisingly theconditional number

corresponding to this model increases. A stepwise procedure is applied to select a restricted version of it. Again,

the investment ratio variable enters first in themodel. The interaction term follows and the last variable added is the

initial level of income. A LM-test showsthat theselected restricted model isagain nested within thisartif icial nesting

æ ç
The JA-test is a nonnested test derived by Fisher and McAleer [12] . It isbased on artif icial regressions. The procedure is as follows:

(i) obtain the predictions èé ê ë ìí of î í from the model specif ied in the null hypothesis,

(ii) obtain the predictions ïî ð ñ ò ó ôõ of ö÷ ø ù ôõ from the model specif ied in the alternative hypothesis,

(ii i) augment the model specif ied in the null hypothesisby the single variable ö÷ ø ù ò ó ôõ , and test the signif icance of its coeff icient.
(iv) The null hypothesis is rejected if the coeff icient is signif icantly different from zero.

ó ú Nonnested hypothesistestsdo not formulatethehypothesisin acomplementary way asin nested hypothesistestsbecausenoneof thehypothesis
is a particular case of another one. There are therefore four possible outcomes: (i) both models are rejected, (ii) both models are accepted, (iii) the
SNP model isaccepted and the MRW model is rejected, (iv) the MRW model is accepted and the SNP model is rejected.

16



model15.

Estimationsfor theintermediatesamplelead to very similar results. However, theJA-test rejectstheselectedmodel

nested within the NP model and accepts the MRW model that is also preferred according to the AIC. Theopposite is

true when one considers the OECD sample. The JA-test accepts the model selected by the stepwise procedure and

nested within theNP model and rejects theMRW model. Theadjusted- û ü and theAIC improvesubstantially16 when

oneconsiderstheselectedmodel that now incorporatesboth theinteraction termand theaveragestock of humancapital

though with anegativesign for the latter. Note that the selected model does not incorporate anymore the initial level

of income. Thissuggests that among thegroup of OECD countries, diminishing returns to reproducible factorsdo not

play an important roleanymoreascompared to theopportunity to catch upbecauseof technological gapsprovided that

countriesreached what Abramowitz calls a threshold level of ‘‘social capability’’ .

3.2.2 ‘‘ I dea Gaps and Object Gaps in Economic Development’’ Revisited

A key findingof the‘‘new empiricsof economicgrowth’’ istheimportanceof investment inequipment asanexceptional

source of economic growth. In seminal contributions, De long and Summers [8] and [9] argue that implied social

returns to equipment investment are far above theprivate returns. However, DeLong and Summers [8] also find that

thisresult isnot robust to testsfor interactionwithanincomegapvariablefor high income-countries. Asaconsequence,

they suggest that their high estimatemay to someextent ref lect catching up. Morespecifically, they note (p.467-468)

that:

‘‘Wefind very attractivetheideathat ahighsocial product of equipment investment ref lectstechnology transfer

mediated through capital goods, and thus that the social product is higher for poorer countries with more of a

technology gap tobridge. But thedatadonot speak reliably enoughon thispoint for ustobewilling todo more

than point out that thequestion is intriguing and potentially very important, and theevidencenot conclusive.’’

If De Long and Summers are so cautious in suggesting that their high estimates may indeed ref lect technological

ý þ ÿ � �
isequal to � � � � ascompared to thecritical valueto reject thenested model that isequal to � � � 	 . Notethat aLM-test of aMankiw, Romer,

and Weil specif ication nested within thismore general model leads to a test-statistic equal to 
 � � 
 with a �  equal to 5.99.� �
The adjusted- �  isnow equal to � � � � (compare with � � � � for the MRW specif ication).
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catch up, this is because their results arenot robust to sampleexpansion. In this section, I follow this lineof research

pioneered by DeLong and Summers, and by Romer in hisinsightful discussionabout therelativeimportanceof object

gaps and ideagaps. I re-estimateequation (16) but where theabsorption capacity of anation is now approximated by

theaverageshareof equipment investment in output asprovided by DeLong and Summers[9] . Notethat thesamples

under study aresimilar to that used in theaboveestimationsso that resultsprovided in Table3 aredirectly comparable

to that obtained in Table1.

Results from the estimation of equation (16) where the average share of equipment investment in output acts as

a proxy for the absorption capability of a country are presented in Table 3 in the column called OIG for Object and

IdeaGap model. Notefirst that thegoodness-of-fit criteriaaremuch better that thoseobtained with theestimationsof

both theMRW and NPmodels. Second, the interaction of the initial output per working-ageperson gap and equipment

investment as well as the share of equipment investment in output coefficients fail to be significantly different from

zero. This corroborates the finding of DeLong and Summers when they consider a largesampleof countries. As the

conditional number suggests, this may be due to high multicollinearity that again substantially inf lates variances of

the coefficients. Therefore, astepwise procedure is applied to the OIG model. The selected model now incorporates

only two variables: the share of investment in output enters first followed by the interaction term. The initial out-

put per working-age person does not enter anymore the selected model emphasizing the relative importance of ideas

and technology transfer in addition to physical capital accumulation. The conditional number decreases substantially

and the fit of this selected model is almost identical to the one corresponding to the more general OIG model. Also

interesting is that the size of the coefficient on physical capital investment decreases by almost � � percent while the

coefficient of the interaction term is now twice as large. As the Lagrange Multiplier test cannot reject the selected

model as a nested model within the more general OIG model, the relative importance of equipment investment as a

factor ref lecting technology transfer isnow moreconvincing and can hardly berejected. Thesameconclusionscan be

drawn for the intermediate sample though the stepwise procedure selects first the interaction term and then adds the

share of investment in physical capital. Results obtained with the OECD samples are similar to the results obtained
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Dependent variable: log differenceGDPper working-ageperson 1960-1985

Sample Non-oil Intermediate OECD

Observations 73 65 21�
Model selection OIG SOIG NP SNP OIG SOIG NP SNP OIG SOIG NP SNP

Constant 1.30 0.91 1.60 1.52 1.18 0.85 1.39 1.32 -1.68 0.44 0.20 0.44�
(0.24) (0.00) (0.09) (0.08) (0.30) (0.00) (0.15) (0.13) (0.36) (0.00) (0.88) (0.00)

ln(Y60) -0.17 -0.20 -0.19-2 -0.19 -0.21 -0.20-2 0.09 -0.13

(0.04) (0.01) (0.00) (0.04) (0.01) (0.00) (0.69) (0.28)

(Eq/GDP).ln(Y60� � � /Y60) 2.22 4.55- � 2 1.77 4.45-1 6.83 5.54-1

(0.22) (0.00) (0.35) (0.00) (0.05) (0.00)

H3.ln(Y60� � � /Y60) 0.61 0.65-3 0.56 0.58-4 1.48 2.05-1

(0.08) (0.04) (0.11) (0.06) (0.02) (0.00)

ln(I/GDP) 0.42 0.36-1 0.59 0.59-1 0.35 0.32-2 0.55 0.55-1 -0.13 0.12

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.51) (0.52)

ln(n+g+� ) -0.37 -0.53 -0.54-4 -0.44 -0.62 -0.62-3 -0.41 -0.55

(0.22) (0.09) (0.08) (0.15) (0.06) (0.05) (0.20) (0.10)

Eq/GDP 3.42 4.07 -0.62

(0.20) (0.14) (0.84)

H3 0.10 0.07 0.11

(0.81) (0.86) (0.62)

d.f. 67 70 67 68 59 62 59 60 15 19 15 19

s.e. 0.289 0.295 0.311 0.309 0.285 0.295 0.312 0.309 0.118 0.116 0.125 0.123�  
0.54 0.52 0.46 0.47 0.48 0.45 0.38 0.39 0.74 0.75 0.71 0.72! "
6.1 1.5 3.6 2.6 6.0 1.4 3.4 2.4 9.19 1 4.1 1

AIC 31.8 31.9 42.8 40.8 27.4 28.5 38.9 36.9 -24.2 -29.4 -21.8 -26.3#
LM-test 5.11 0.06 6.33 0.04 3.77 4.07

Table 3: Tests for neoclassical convergence and technological catch-up where the absorption capability of a nation is
approximated by its equipment investment output ratio and itsstock of education at tertiary levels.
Notes:

a. OIG (NP) corresponds to themodel as described by equation (16) in the text with theabsorption capacity approximated by theequipment investment output ratio (the

stock of education at tertiary levels). SOIG (SNP) corresponds to the model nested within the OIG (NP) model and selected by the chosen variable selection method.

SW is for stepwiseprocedureas described in the text.

b. p-values, i.e., themarginal significance level of a two-tailed test of thehypothesis that thecoefficient isequal to zero, are in parenthesisunder coefficient estimates.

c. In order of thevariablesadded in themodel as selected by thestepwise method.

d. $ is the conditional number measuring collinearity.

e. Breusch and Pagan’sLagrangeMultiplier test for nested models asdescribed in the text.
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in theprevious section. Theonly significant variable is the interaction term whose coefficient isalso relatively stable

acrossthedifferent sub-samplesthough slightly higher for theOECD group. ThiscorroboratesDeLong and Summers

[8] alternativeview that equipment investment may indeed accompany technology transfer.

JA-test
Non-oil Intermediate OECD

H0 H1

SOIG MRW 0.17 0.08 0.84

MRW SOIG 0.00 0.00 0.02

SNP(H3) MRW 0.24 0.02 0.16

MRW SNP (H3) 0.00 0.00 0.02

SOIG SNP (H3) 0.14 0.22 0.18

SNP(H3) SOIG 0.00 0.00 0.00

p-value p-value p-value

Table4: Nonnested hypothesis test: MRW against SOIG and SNPmodels.
Note: theJA-test performs a test of specif ication of non nested models asdescribed in the text.

A nonnested hypothesis test of specification is available in Table 4. It provides unambiguous results about which

is the preferred model among the competing ones. The selected model where the absorption capability of a country

is proxied by its share of equipment investment in output can be specified either as the null hypothesis against the

MRW model or as thealternativehypothesis, theoutcomeremainsthesamefor all threesamples. It isalwaysaccepted

while theMRW model is always rejected with a close to zero probability to be wrong in doing so. This suggests that

the MRW model should be either discarded or improved to compete the SOIG model. Recall that the initial output

ref lecting diminishing returns to reproducible factors does not enter theselected model, this suggests that technology

transfer mediated through capital goods yields important opportunities to catch up for poorer countries. Finally, note

that catch-up occurs within this selected and preferred model without requiring to control for differences in either

human capital accumulation or education stocks.

Table3alsoprovidesestimationswheretheabsorptioncapability isproxiedby thestock of humancapital at tertiary

levels. Results are very similar to those obtained when the stock of human capital at secondary levels is considered.
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However, the selected nested model within the NP model incorporates the labor force growth rates variable for both

thenon-oil and intermediatesamplesof countries. What is important when using education stocks at tertiary levels is

that the JA-test always, i.e., for all three samples, rejects the MRW model as the null hypothesis with a close to zero

probability of committing afirst error type(see, Table4). Notehowever, that theSOIG model remainsunambiguously

preferred to this restricted version nested in theNPmodel.

4. Counter factual Income Dynamics and Individual Effects of Diminishing
Returnsand of Technological Catch-Up

In theMRW model, convergenceoccursonly becauseof diminishing returns to reproducible factorsand technology is

considered as a pure public good. In the SNP model, both the neoclassical convergence effect and the technological

catch-up effect are at work. Finally, in the SOIG model, only the technological catch-up effect appears to be signif-

icantly important to explain international differences in growth rates, once one controls for differences in physical

capital accumulation.

In this section, I propose a non parametric counterfactual exercise that allows us to analyze the individual effects

of the various explanatory variables on changes in the world income distribution. It follows Di Nardo, Fortin, and

Lemieux [10] who provide an analysis of the effects of institutional and labor market factors on changes in the U.S.

distribution of wages. More specifically, they ask (p. 1009): ‘‘what would the density of wages have been in 1988 if

workers’ attributes, such astheir union status, had remained at their 1979 levels?’’

Growth regressions as estimated above allow us to calculate the partial contribution of each variable to growth

and therefore to quantify the growth rates that would have been observed once differences in all the other variables

specified in the empirical model and the fixed effect arecontrolled for. Therefore it is also possible to calculatewhat

the density of output per working-age person would have been in 1985 if countries had exhibited average behavior

in all variables except some variables of interest (seealso, De laFuentewho illustrates how traditional cross-country

growth regressions can beused to analyze the immediatesourcesof the incomedistribution dynamics for asampleof

OECD countries though restricting his analysis to thefirst and second moments of thedistribution).

21



Theeffectsof thedifferent variablesareestimatedby applyingkernel density methods. Thus, theprocedureprovides

avisually clear representation of where in thedensity of incomes thespecified factorsexert thegreatest impact.

Supposewearegiven asampleof independent, identically, distributed realizations of a random variable % & ' ( ) * + , .

Now, if a smooth kernel function - . / 0 1 23 4 is centered around each observation 5 6 and if we average over these

functions in theobservations, weobtain thekernel density estimatedefined asfollows78 9 : ; < = >? @ AB C D E F G H I J KL M
Theestimateinheritatesfrom all propertiesof thekernel function, i.e., it isasymmetric probability density function

(see for instance, Silverman [20] ). Practical application of kernel density estimation is crucially dependent on the

choice of the smoothing parameter
L
. In the following analysis, I use the plug-in method of Sheather and Jones [19]

as bandwidth selector that isalso chosen by Di Nardo, Fortin, and Lemieux.

A question that originally motivated theconvergence literature is: what will thedistribution of output per worker

look like in the future? In this section, I rather investigate the following question: what the distribution of output

per worker would have looked like if countries had been characterized by technological backwardness and different

absorbing social capabilities, and by different initial levelsof output per worker after having controlled for differences

in factor accumulation? This allows us to focus on counterfactual dynamics of theworld incomedistribution implied

by the neoclassical convergence effect and the technological catch-up effect. I f irst estimate the contribution of each

variable to the growth performance of each country in the sample given the results obtained from the convergence

equationsestimated in theprevioussection. Second, I estimatecounterfactual output per worker density estimates that

ref lect the impact of our variables of interest on theevolution of the incomedistribution. Such counterfactual income

density estimates are plotted in Figure 1. Substantial differences arise between these density estimates and must be

explained.

In theupper-left and right plotsin Figure1, I superimposecounterfactual incomedensity estimatesthat would have

been observed at the end of the period under study if countries would have differed only in their initial per worker

output as suggested in a Mankiw, Romer and Weil specification (solid lines) and if countries would have been able
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to benefit from both diminishing returns to reproducible factors and technological gaps as suggested in a Nelson and

Phelps’ approach (dotted lines), with all countries having displayed average behavior in terms of all other variables.

The individual impact on theevolution of theworld incomedistribution of both phenomenacan now beclearly seen.

Bothdensity estimatesnaturally exhibit convergence, but theimpact of technological backwardnessassociatedwith

the absorption capacity of a nation appears to contribute in a larger extent to the decline of themiddle-income group

and the fattening of the lower tail of the distribution. There is indeed more mass at the bottom of the counterfactual

income density estimate implied by the Nelson and Phelps’ approach. Although the neoclassical convergence effect

appears to affect all countriesrather uniformly, it seemsthat poorer countries do not benefit to thesameextent of their

technological backwardness compared to countries having already reached a threshold level of development. Their

absorption capacity must limit thestrength of technological potentiality proper. Thecounterfactual incomedensity es-

timateassociatedwith theNelsonandPhelps’ approach isto theleft of theoneassociatedwith theMankiw, Romer, and

Weil’sspecification for poorer countries. For richer countriesthough, it isnow to theright. Thisphenomenon becomes

even stronger if one looks at theplot in the lower right of Figure1 whereboth the convergenceeffects as specified in

equation (16) aredistinguishable. Theimpact of thetechnological catch-up effect is to yield themiddle-incomegroup

to vanish: countriesbelonging initially to thisclassof incomeeither closetheir gap with richer countriesor fall behind

into apoverty trap. Hence, it is, at least partially, responsible for thepolarization of theworld incomedistribution into

twin peaks, a characteristic of the world income dynamics that has been highlighted, among others, by Quah. This

corroborates Abramowitz who argues that only those poorer countries that benefit from a high absorption capability

will beabletocatchupand to join thegroupof richer countries. Ashumancapital rises, total factor productivity growth

takesplaceandpoorer countriesbecomeabletocatchupwith richer countries. Thephenomenon isevenstronger when

the absorption capacity of acountry is proxied by its shareof equipment investment in output (see the lower left plot

in Figure1).

Following Di Nardo, Fortin, and Lemieux, I also plot in Figure2 thedifferencebetween thedensity estimateof the

world incomedistribution in 1985 and each counterfactual density estimated after accounting for theneoclassical con-
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vergenceeffect resulting from theMRW specification (solid line) and from thetechnological catch-up effect estimated

with theSOIG empirical model (dotted line). Thecloser to thezero lineand thef latter is theestimated line, thebetter

thecounterfactual density estimatefits theshapeof theobserved incomedistribution at theend of theperiod.

Whatever the class of income is, the impact of the technological catch-up effect estimated with the SOIG model

allowsfor abetter fit to theobserved incomedistribution in 1985. Even though, themiddle-incomegroup remains too

important compared with the one we observed in 1985, the technological catch-up effect clearly yields divergence at

thebottom of the incomedistribution and convergenceat thetop. There isaclear impact of thetechnological catch-up

effect on thepolarizationof theworld incomedistributionasadvocatedby Quah. Recall that theSOIG model couldnot

be rejected while the MRW model was whatever thesampleunder study, the empirical evidence suggests that indeed

differences in technology and in the absorbing capability of a country are crucial determinants of the world income

dynamicsasopposed to aneoclassical framework wheretechnology isassumed to beapurepublic good and whereall

what matters to explain international differences in growth rates is that countries may suffer from object gaps on the

onehand and benefit from diminishing returns to reproducible factorson theother.

5. Conclusion

In this article, I take seriously two alternative theoretical models that have been proposed to explain international

growth rates’ differences. Thesedifferencesled todramatic inequalitiesin thequality of lifethat isfeasibleto theworld

population. As both approaches have different implications in terms of the development policies and strategies that

shouldbeundertaken to lead poorer countriesto catch upwith richer ones, it is important that growth researchersfocus

on finding a consensus about the relative importance of the different mechanisms that may offer to poorer countries

theopportunity to catch up.

Ontheonehand, theneoclassical growththeory assumesthat technology isapurepublicgood. International growth

rates differences areexpected to disappear in the long run because of diminishing returns to reproducible factors. All

that poorer countries must do to close their wealth gap is to accumulate moreof a capital aggregate that incorporates
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both physical and human capital. Following Romer’s terminology, within a neoclassical framework, poorer countries

only suffer from an object gap. Thisapproach is rather pessimistic.

An alternativeview arguesthat technology islesspublic. Poorer countriesalsosuffer from an ideagap. Thisyields

total factor productivity growth differencesto havean impact on thedynamicsof theworld incomedistribution. These

differencesmay bepermanent or only transitional. In themid-80s, becausegrowth rateswerenot converging to similar

levels, growth researchers developed models in which technological progress is endogenous. In these models, it is,

for instance, argued that capital accumulation leads to technological progress in the form of learning-by-doing that

offsets thedeclineof themarginal productivity of capital. Within thiskind of framework, convergencedoes not occur

anymore: thepoor stayspoor, and the rich staysrich.

However, thereisalso robust empirical evidencethat somepoorer countrieshavebeen ableto catch up whileothers

fell into apoverty trap. Themiddle-incomegroup vanished over thepost World War II period leading to apolarization

of the world income distribution. It is, therefore, important to assess whether this convergence phenomenon is the

result of diminishing returns to reproducible factorsor the result of a technological catch-up effect, or both. Similarly,

it is important to know whether thepoverty trap arisesbecauseof differences in theratesof accumulation, or because

countries lack theabsorbing capability that would allow them to benefit from their technological backwardness.

To beconvincing, theaboveanalysismakesuseof formal modelsand statistical hypothesis testswhereboth object

and ideagaps are allowed to play a role in the evolution of theworld incomedistribution. Hence, it avoids themajor

shortcoming of the appreciative theory on technology and growth. It aims at finding a consensus about the relative

importanceof theneoclassical convergenceeffect and the technological catch-up effect.

Themessagein thisarticle is thefollowing: theassumption of acommon rateof technological progressin aworld-

widecrosssectionof countrieswhereall what mattersisfactor’saccumulation isundefensible. Theneoclassical growth

model providesan incompletestory of growth. And theaboveempirical evidenceemphasizes technology diffusion as

acomplementary explanation to theworldwideincomedistribution dynamics. In other words, and asSolow originally

argued, both traditional inputs and productivity differences play a large and important role in explaining growth rates
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differences.

First, robust tosampleselectionmacroempirical evidencesuggeststhat thehigh social returnstoequipment invest-

ment may ref lect technology transfer mediated through capital goods rather than the presence of externalities taking

the form of learning-by-doing.

Second, stocksof educationat boththesecondary and tertiary levelsappear tobealsogoodproxiesof theabsorption

capability of a nation. They play an important roleas adeterminant of the rate of technological progress by allowing

poorer countries to adapt and implement technologies from abroad. All these economic mechanisms better charac-

terize the international growth rates’ differences over theperiod under study than a simplehuman capital augmented

neoclassical growth model does. They cannot be rejected as anull hypothesis.

Third, after having controlled for differencesincapital accumulation and theneoclassical convergenceeffect, tech-

nological catch-up mostly benefits those countries endowed with a threshold level of social capability as proxied by

its stock of education or its capacity to invest into equipment in which technological change is likely to beembodied,

leading therefore to the formation of clubsof economies.

Moregenerally, thisshould beinterpreted asevidencein favor of growth models that emphasizethe importanceof

differences in technology in addition to differences in endowments of human capital to explain international growth

ratesdifferences. Someopeneconomy endogenousgrowthmodelsunderlinethepotential benefitsto laggingcountries

from technology diffusion. TheSchumpeterian tradition also strongly supports theview that technology transfer is an

important economic mechanism to understand the evolution of the world income distribution. As it is also consistent

with thepolarization of theworld incomedistribution becausetechnology transfer may encounter obstaclesdepending

for instanceon theabsorptioncapacity of anation, theabovemacro empirical evidenceshould lead growth researchers

and international institutions like the World Bank to concentrate on working on adapted economic policies that will

allow developing countries to successfully adapt and implement new technologies from abroad.
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Figure1: Counterfactual incomedynamics: individual contributionsof theneoclassical convergenceeffect asestimated
intheMRW model (boldline) andof theconvergenceeffect combiningboththeneoclassical effect andthetechnological
catch-up effect estimated with theSNPmodel (dotted lines) wheretheeducation stock ismeasured at secondary levels
(left-upper box), and at tertiary levels (right-upper box). In the left-lower box, both the neoclassical convergence
effect estimated in the MRW model (bold line) and the technological catch-up effect estimated with the SOIG model
(dotted line) are displayed. In the right-lower box, the neoclassical effect (solid line) and the technological catch-up
effect (dotted line) estimated with theSNP model whereeducation at tertiary levelsacts as aproxy for theabsorption
capability of acountry aredisplayed, together with theneoclassical convergenceeffect estimated with theMRW model
(bold line).
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Figure 2: Changes in the world income distribution: differences between the observed density estimate of the log
output per working-ageperson in 1985 and counterfactual density estimates implied by theneoclassical convergence
effect in theMRW model (solid line) and the technological catch-up effect in theSOIG model (dotted line).
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