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Abstract

New macroempirical evidenceis provided to assessthe relative importance of object andidea gapsin explain-
ing theworldincomedistribution dynamics. Formal statistical hypothesistestsallow usto discriminate between
two competing growth models:. (i) the standard neoclassi cal growth model similar to that employed by Mankiw,
Romer, and Weil (1992), (ii) an extension of the Nelson and Phelps' approach (1966) that emphasi zes 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 hypothesis and issignificantly preferred
to astandard neodassical modd. Second, robust to sample sdection evidence suggests that the high social re-
turns to investment in equipment (as opposed to structure) reflect technology transfer mediated through capitd
goods. Findly, technologicd catch-up mostly benefits*socially” advanced economies and largely contributes
to the polarization of the world income distribution.
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“W\e could produce statistical evidence that all growth came from capital accumulation, with no room for any-
thing called technological change. But we could not bdieveit.”

Romer (1993; p. 562)

1. Introduction

In the neoclassical theory, technology is assumed to be apure public good that is avail able to everyone everywherefree
of charge. In contrast, an alternative view suggests that poorer countries may suffer from a technological gap. This
requirestechnology to be considered less public. Total factor productivity growth may thus differ across countries, at
least for atransitional period, depending, for instance, on both the technological gap and the asorption capacity of
a nation. Both approaches may exhibit an opportunity for countries lagging behind to catch up, though for different
reasons. In the neoclassical theory, poorer countries may convergeto rich ones because there are diminishing returns
to cepital. In the technol ogy-gap approach, a high absorption capability makes it easier for a poor country to catch up
because of the opportunity for faster growth through the adoption and implementation of technology.

Because both gpproaches are not mutually exclusive, | investigate within a unified theoretical and empirical frame-
work the relative importance of both these phenomena at an aggregate level. Thefirst dternative has been 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 a neoclassical growth model, for 46% of the observed dispersion of
growth rates across countries over the post World War |1 period. They consider a human capital augmented version of
the Solow [21] growth model and concludethat (p. 433): “...our results indicate that the Solow model is consistent
with theinternational evidenceif one acknowl edges the importance of [the accumulation of] human aswell as physical
capital.” In particular, thereis conditional convergencein that lower initial values of output per worker generate higher
transitional growth rates, once the determinants of the steady state are controlled for.

Nelson and Phelps[16] provide an early example of aformal model tha incorporaes the idea that a country may

benefit from its technological backwardness depending on its absorption cgpability 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'. Benhabib and Spiegel [4] take this alternative seriously and provide an
interesting empirical criticism of Mankiw, Romer, and Weil’s conclusions. Within a growth accounting exerdse, they
find that growth remains essentially uncorrelated with educational achievement when one considers an augmented
Solow model where human capital isnothing but an ordinary input in the aggregate production function, but educational
attainment levels becomesignificantly correlated with growth when one assumes asin Nel son and Phd psthat the stock
of human capital positively affectsthe rate of diffusion of the existing technology?.

To assess the relative importance of the opportunity to catch up because of diminishing returns to reproducible
factors asin a neoclassical framework and the opportunity to catch up because of differences in technology, | present
asimple growth model characterized by a neoclassical production function that exhibits constant returns to scale and
where education speeds up technological diffusion through the economy as in Nelson and Phelps. Following De la
Fuente [7] , | then explicitly derive and estimate a convergence equation whose fit and specification which incorpo-
rates both the neoclassical convergence effect and the technological catch-up effect, can be compared to the empirical
results found by Mankiw, Romer, and Weil. In particular, specification statistical testing allows us to choose among
the two competing models. Proceeding thisway, also allows usto analyze within an unified empirical framework, one
which has already been shown to have some success®, 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 influential article by De Long and Summers[8] . These
two authors suggest that their high estimated social returnsto investment in equipment (as opposed to structures) may,

to some extent, reflect technology transfer mediated through capital goods. The share of equipment in output may

1 Seealso Abramowitz [1] for amorerecent but lessformal contribution to this line of research.

2 Both theseempiricd studies also raiseanother crudal economic issue. |'s growth primarily driven by the accumulation of human cepital asin
Mankiw, Romer, and Weil, or are differences in growth rates primarily due to differencesin human capitd stocks tha act as a factor constituting
acountry’s ability to engage in technological progress? Aghion and Howitt [ 2] emphasize how important it isto distinguish between these two
frameworksbecause they deliver different insights as to the growth effects of various educational policies.

3 Traditiondly, researchers tha focus on productivity adopt an gpproach based on growth accounting. In order for my results to be directly
comparableto the Mankiw, Romer, and Wal’'s contribution, | voluntarily chooseto usetheir approach, that is, one of estimation.



beimportant in explaining growth in total factor productivity. Therefore, itis dso used in the statistical andysisas a
proxy of the absorption capability of anation.

Romer [18] also stresses how important it isto assesstherelative importance of what he cdls“ object gaps”’ versus
“ideagaps” because each imparts adistinctive thrust to the analysis of economic development. Even though Romer’'s
notion of idea gap is quite wider than the notion of technological gap invoked here, this article aims predsely at
providing new macro empirical evidence about the rd ative importance of ideas versus objectsin international growth
differences®. It makes use of aformal model and statistical hypothesistesting that allow usto fully appreci ate whether
datais consistent with the view that there are only object gaps asin an augmented human capital Solow model, or with
the view that both idea gaps and object gaps are important to explain the world income dynamics.

This article is organized as follows. In Section 2, | present a descriptive growth model that allows for both the
neoclassicd convergenceeffect and thetechnol ogical cach-up eff ect, and explicitly derive aconvergence equation from
it. InSection 3, | estimate the model and compareit to a Mankiw, Romer, and Weil’s specification by associaing with
each model estimated loss functions. Inaddition, nonnested specification tests all ow us to discri minate between thetwo
rival models. A key finding isthat the Mankiw; Romer, and Weil's specification should be either discarded or improved
as compared to aNelson and Phelps specification when the absorption capability of acountry isapproximated by its
share of equipment investment in output and interacts with its backwardness to affect the level of produdtivity. Robust
to sampl e sel ection macro empirical evidencestrongly suggests how important i s technol ogy transfer mediated through
capital goods as suggested by De Long and Summers [8] . When the absorption capability isproxied by the stock of
education at tertiary levels, the Mankiw, Romer, and Weil’s specification is also rejected as anull hypothesisagainst a
nested version of the Nelson and Phelps specification when | consider a “non oil” and an “ intermediae” sample of
countries, and the OECD group. With stocks of human capitd at secondary levels, there isno evidencethat theNelson
and Phelps’ model is mispecified. Given the probabilities to commit a first error type, a preference is also given to

thisapproach. Findly, in Section 4, counterfactual income density estimates provide a visually clear representation of

4 Rome’snation of objeat gap highlightssaving and accumul ation asemphasized, for instance, by Mankiw, Romer, and Wil, while his nation of
ideaggps directs atention to the pattemsof interaction and communication between nations. This notion of idea gaps encompasses both the sodal
absorptionandthe technology gap concepts introduced by Nelson and Phelpsin their formd modd.



wherein the density of incomes the different convergence eff ects exert the greatest impact over the period under study.
Although the neocl assi cal convergence effect aff ects uniformly the world incomedi stribution, the technological catch-
up hasimportant non linear effectson the evolution of the incomedistribution. In particular, it yields the middle-income
group of countries to vanish. It appears to be a key factor that is, at |east partially, responsible for the polarization of
the world income distribution that has been highlighted by Quah [17] . This corroborates, among others, Abramowitz
who argues that only those poorer countriesthat benefit from ahigh absorption “social capability” will be able to catch

up. Section 5 concludes and discusses some implications of these empiricd results.

2. A Growth M odel with Factor’s Accumulation and Technol ogical Diffusion

In this section, | develop asimple growth model and explicitly derive aconditional convergence equation where edu-
cation speeds up technol ogical diff usion throughout the economy asin the partial Nelson and Phelps' model. | closely
follow the descriptive growth model proposed by De la Fuente.

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

ducible capital asin Mankiw, Romer, and Weil of the form

MOEINGNGIGIRG) (1)
where A is an index of labor-augmenting technological progress. K denotes a broad physical capital aggregate®,
and L the labor force such that L (t) = L(0)e™t, with n an exogenous constant growth rate of the labor force. Define

k asthe stock of capital per unit of effective labor, then output per worker is

y(®) = ADk(®® )
Growth of output per worker is therefore the result of the accumulation of the productive inputs or the outcome of

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

5 K may beinterpreted & a capital aggregate that includes both human and physical capitd as in the augmented human capital Solow model
proposed by Mankiw, Romer, and Weil.



per worker can be written asthe sum of two termsthat reflect, respectively, growth in total factor productivity and the
accumulation of reprodud ble factors
YO _ qn “dt — © (1) = © o
om dflog(y(t)]=dt = °y (t) = ° A (1) +®@° (1) ©)
The problem consists in specifying the immediate determinants of © 5 and ° .. Let usstart with the second factor.

The evolution of physical capital isgiven by

k() =sk@®®T i (n+ °a(t) +1) (4)
where s isa constant fraction of grossincome invested in physical cepital and + the rate of depreciation.
With® 2 ]10; 1[, the behavior of the dynamica system described by (4) is such that the system is stable, and the

stock of capitd per unit of effective labor converges to its stationary value k®, characterized by

K S MTi=1;0

k®=0D k" = Py (5)

Theimplications of this result for convergence are now well-known. Two economies with the same values of the
parameters, s, n, and #, that have access to the same technology, but that differ in ther initid capitd stocks, will
converge to a similar stock of capital per unit of effective labor. This is the neoclassical convergence effect which
results from the diminishing returns in reprodudble factors assumption.

I now specify the determinants of the rate of technological progress as in Nelson and Phelps, where the rate of
technol ogical progressisdriven by the stock of human capital, whichin turn affects a country’s ability to catch up with
more advanced economies. Define a technological distance between A(t) and the best-practice level of technology
T (1), that would prevail if technological diffusion were completely instantaneous. T (t) expands at a strictly positive

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

upon the gap between the theoretical levd of technology and the level of technology in practice. More specifically
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Notefirst that, inthe long run, if h ispositive, therate of increase of thelevel of technol ogy in practice settlesdown to

° A =©(h)log with©(0) = 0; and ©'(h) >0 (6)

the value g, independently of theindex of educaional attainment. Thus, education inf luencesthegrowth of total factor

productivity only in the short run. Second, in a stagnant economy (g = 0), the gap, defined ash(t) = log(T (t)=A(t)),

approaches zero for every h > 0. Findly, thereis a positive equilibrium gap (b°(t) = log(T (t)=A"(t))) for every g

and h where,

db(t) _ o — a_ _J9

—==0 = =gandbh® = ——

dt 2 a =0 ©(h)

Theequilibrium gap isanincreasing function of g and a decreasing function of theindex of educational attainment.

()

Substituting (6) into (4) leads

k() =sk(®®T i (n+O(h)b(t) + %) )
Thetransitional dynamics can be quantified by using alog linear approximation of (8) around the steady state. The

solution for log(k (t)) given the éove Cobb-Douglastechnology is

“® 7 i R i OB ©)

with™ = (1 §j ®)(n + g + ) that determines the speed of convergence from k(t) to k®. R(t), respectively 8(t),

isequd to log(k(t)=k"), respectively b(t) j b, and denotesthe deviation of the stock of capitd per unit of effective
|abor, respectively of the technological gap, from its steady state value

Given (2), (3), and (9) we have

°y(®) 7 A i (log(y(D) i log(A(1) +®( log(k®) i ©(h)B(1)) (10)

It remainstoincorporate in (10) the behavior of the technological variable. Note that db(t)=dt = g § ©(h)b(t), the



time pah of b(t) is given by®

b(t) = b(0)e M +p=(1 j ei®MY) or §(t) = B(0)e i Mt (11)

Substituting (11) into (6) and using (7), the rate of technological progress at time s isgiven by

) s h i
° A(S) = ©(h)b(s) = ©(h) b(0)ei©™s +$<1 i 1M = ©(h) B0)e!®™* +g (12)

Integrating (12) from O to t, we obtain the time path of the logarithm of the productivity index

log(A(t)) = log(A(0)) + gt +8(0) (1 i e?°™) 13

Substituting now (11), (12), and (13) into (10) leadsto the foll owing convergence equation

h

i h
°y(®) = ©(h) 8(0)et®™t +g i "[log(y(t)] +

i
log(A(0)) + gt +BO)(L i ef ©™) (14)
+® log(k®) § ®O(h)B(0)e’ ®™+ ~log(T(0)) i ~ log(T (0))

Notethat 8(0) = b(0) j b® = log(T (0)=A(0)) i g=©(h). If wedefine” =~ ©(h)=(n + g + *), then (14) can be

rewritten

°y® T g+ log(T (0.)) +;gt i _ﬂlog(y(t)) + D) logs i (1®|_®) log(n +g +t) (15)

Following Barro and Sala-i-Martin [3] and Mankiw, Romer, and Weil, the model predicts conditional convergence.
Acrossaset of economies that approach the same steady state, poor countries should grow faster on average than rich
countries because of diminishing returns to capital accumulation. Following the traditional conditional convergence

literature, the growth rate of output per worker isan increasing function of investment in physical capital and decreases

6 1t becomes now dear that asymptotically the technologica gap of a given country convergesin the long run to aconstant vlueb® = g=©(h).



with the log of the contemporaneouslevel of income, and with thegrowth rate of the labor force. However, in contrast
with the previousliterature, education doesnot enter as another ordinary factor of productionthat aff ects growth through
its rate of accumulation’.

Instead, equation (15) is consi stent with the Schumpeterian goproach. It suggeststhat human capital drives growth
by affecting a country’s ability to cach up with more advanced 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 technologicd gap the faster the backward countries’ growth rate is once one controls for differences in
factors accumulation aswell asdifferencesin the absorption capability. The stock of human capitd inf luences growth
during transition in two spedfic 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 capitd, the growth rate of output per worker increases with the deviation of the initial technol ogical
gap from the equilibrium gap. Recall that © = ©(h)=(n + g + 1), the higher the available stock of human capitd, the
more an economy isable to adapt and implement technologies devd oped el sewhere. However, the contribution of the
catch-up process al so decreases with timeasits productivity level converges towards the technologicd frontier and the
rate at which it convergesto zero al so depends positively on the stock of human capital.

Differencesin education are therefore important to explain differencesin growth rates. However, in contrast to the
Mankiw, Romer, and Wel’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 the stock
of human capital, which in turn affects a country’s ability to absorb new technologies and therefore to catch up. In
other words, theworld isnot composed of economies that all benefit from the state of the art of technology whichis
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 cgpability as proxied

by their stock of human capital.

7 1t would be straightf orwardto consider anested model where human capital enters asan input in the production function asin Mankiw, Romer,
and Wl who rather specify the following produdtion function: Y (t) = K(®)®H(t) (At)L(t))1i®i . Thismore general modd is estimated
and discussad in thefollowing section.



3.  Growth Regressons
3.1 Dataand Specification

Toinvestigatetherelativeimportance of thetechnological catch-up process and of theneoclassical convergenceeffect as
proposed intheabove model, | use datafrom Mankiw, Romer, and Weil [14] , and data constructed by Nehru, Swanson,
and Dubey [15] . Thedatafrom Mankiw, Romer, and We | will be used in abenchmark regression to comparetheabove
modd wherehuman capital enhances an economy’s ability to adapt and implement new technol ogies, and the Mankiw,
Romer, and Weil’s human capitd augmented version of the Solow model.

The stock of human capital is goproximated by using recent series of estimates of the stock of education provided
by Nehru et Al. who proxy human capital by theaccumul ated yearsof schooling present in theworking age popul ation.
These series are built from enrollment data using the perpetual inventory method adjusted for mortality. The stock of
human cepital at time t istherefore, built up from past investments in schooling. Although these estimateswere built
to calculate total factor productivity growth for a wide range of economies, | propose here to use them in traditional
growth regressions as suggested by the above model®.

Three aspects of the choice of variables deserve some discussions. First, Nehru et Al. provide education stocks
for 73 countriesthat intersect with the original Mankiw, Romer, and Weil’s *“non-oil” sample of devd oping and indus-
trialized countries and with the Delong and Summers [9] daa on equipment investment. The human capital stocks
data available in Benhabib and Spiegel [4] covers asmaller number of countries. Second, following Benhabib and
Spiegel, thetechnological cach-up effect is cgptured viaan interactive term that invol vesthe average education stock
over theperiod (H) and the ggp of acountry behind the leader at thebeginning of the period interms of the level of ini-
tial output per working-age person (In(Y 60max=Y 60)). This specification also follows Barro and Sala-i-Martin who
acknowledge in their condusion the possibility tha the convergence observed from the estimation of aconvergence

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

8 Notethat | will consider the education stocks built up from both the secondary and tertiary enrollments. If, as suggested by the above modd,
more human capital facilitatesthe absorption of foreign technology, itis likely to be espedally important for educdion at the secondary andtertiary
levels.

10



both diminishing returns to capital and effects that involve the spread of technology®. 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 technologicdly 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 variablesin the
convergence equation (15) becauseit also determines the equilibrium technologicd gap that also influences contem-
poraneous growth. It istherefore, also introduced in the growth regression estimated bel ow though we can expect that
it will contribute to the emergence of collinearity problems'. More specifically, | specify the following convergence

equation:

Growth?®i8 = c+7, In(Y 60)i+ , In(1=GDP);i+ zIn(nj+g++)+ ,H;+ g(Hi: IN(Y 60max=Y 60); +2; (16)

where 2; isanormdly distributed error term ref lecting a country-spedfic shock. The dependent variableis the log
difference of output per working-age person over theperiod. Y 60 is GDP per working-age person in 1960. The shares
of real investment in real GDP and popul ation growth rates are averages for the period 1960-1985. (g + +) isassumed
tobeequal to 0:05 asin Mankiw, Romer, and Weil. All thesevariables are borrowed from the Mankiw, Romer, and Weil
data set except the average stock of human capital over the period that isissued by the Nehru 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
of the working-age population in secondary school for the period 1960-1985 (SCHOOL). The goal is to see whether
the technological catch-up effect as specified in equation (16) allows us to make progress in explaining the evolution
of the world income distribution and to solve the problem of how to map daa on educational attainment into growth

modds.

9 Much of the technological cach-up literature also includes per worker output as a proxy for the scope for catch-up. (See for instance, the
insghtful survey on technology and growth by Fagerberg) The choice of this proxy must be seen as a good point from which to art to assess the
reativeimportance of object andidea gapsat anaggregate level if output per worker ishighly correlated with thelevd of technologicd development.

10 Notethe similarity with equation (15) and the following structural specification of total factor productivity growth estimated by Benhebib and
iegel
[log At (Ht) i log Ao(Ht)]i =c +gHi + mHi[(Ymax i Yi)=Yi]

where ¢ represents exogenoustechnological progress, gH; represantsendogenoustechnol ogical progressassociated with the ability of acountry
to innovate domestically, and mH;i[(Ymax i Yi)=Yi] represents the diff uson of technology from abroad.

11



3.2 Empirical Results
321 Ratesof Accumulation Versus Levelsof Human Capital

Theresults of estimating equation (16) are presented in Table 1 for three samples that intersect with the ““non-oil”, the
“intermediate” and the OECD samples of countries analyzed by Mankiw, Romer, and Weil together with an estimation
of their augmented Solow modd. | cdl them the MRW and the NP models. The MRW esti mations are used as bench-
mark regressionsthat | compare to the regressions obtai ned with thecompeting NP model. Although, the MRV model
is estimated on asample of 73 non-oil countriesinstead of 98 in the origind contribution, estimations using these two
samplesprovide similar results. Thisis equally true for the intermediate and OECD samples.

| first concentrate and anal yze results issued by the estimations corresponding to the non-oil sample sothat | expect
to be able to choose the best model among the two. First, the goodness-of-fit as measured by the adjusted-R? and the
Akaike information criterion (Al C) that take into account the trade-off between the goodness of fit and the complexity
of the model's, does nat allow usto discriminate between both models. The AIC isslightly smaller in the MRW model
(41:4) as compared to the NP model (44:1), but this is because the AlC imposes a greater pendty to increasing the
number of independent variables than does the adjusted-R?.

Notefirst 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 the stock of human
capital (H) nor the interaction term (H: log(Y 60max=Y 60)) is significantly different from zero. In the absence of
multicollinearity, the choice between both models would be obvious. However, the conditional number that measures
collinearity is higher in the NP model (4:7) as compared to the MRN model (3:6). Collinearity may, therefore, substan-
tially inflate the variances of the corresponding estimated coefficients. Only one of these two variables should maybe
be spedified in the NP model with loss of information expected to be minimal.

To select arestricted version of thismodel, a stepwise procedureisapplied. The stepwise procedureisa modified
forward method. A forward selection procedurestartswith novariableinthe modd andfirst sel ectsthat variable which

hasthe highest corrdation with the dependent variable. In asecond step, another variableis added that increases the

12



Dependent variable: log diff erence GDP per working-age person 1960-1985

Sample Non-ail I ntermediate OECD
Observations 73 65 21
aModd selection MRW bS\N NP SNP Sw MRW SwW NP SNP Sw MRW SwW NP SNP SwW
Constant 2.58 1.98 244 3.01 1.71 2.38 3.0 -0.03 0.70
€(0.00) (0.07)  (0.00) (0.00) (0.11)  (0.00) (0.02) (0.98)  (0.00)
In(Y60) -0.27 2 -0.19 -0.13 3 -0.36 2 -0.18 -0.14 3 -0.38 1 -0.05
(0.00) (001)  (0.01) (0.00) (003  (0.01) (0.00) (0.72)
H2.In(Y 60m ax/Y 60) 0.14 0.19 2 0.18 0.22 2 0.27 0.30 1
(012  (0.00) (0.07)  (0.00) (0.03  (0.00)
In(1/GDP) 0.57 1 0.57 0.57 1 0.48 1 051 0.52 1 0.28 2 -004
(0.00) (0.00)  (0.00) (0.00) (0.000  (0.00) (0.11) (0.86)
In(n+g+t) 057 4 -0.3%4 -0.73 4 -0.37 -0.74 3 -040
(0.07) (0.32 (0.02) (0.28) (0.04) (0.22)
Ln(Schod) 0.15 3 0.27 3 0.27 4
(0.05) (0.00) (0.07)
H2 0.07 (0.04) -013 -0.16 2
(0.59) (0.73) (0.23 (0.00)
d.f. 68 70 69 60 59 61 16 15 18
se. 0.311 0.311 0.306 0.292 0.300 0.2% 0.140 0.123 0.119
E 0.46 0.47 0.48 0.45 042 045 0.64 0.72 0.74
d. 3.6 4.7 2.4 3.6 45 21 1.7 6.3 18
AlIC 1.4 44.1 38.3 30.2 34.1 319 -18.1 -24 -26.7
€L M-test 1.83 1.95 242

Table 1: Testsfor neoclassical convergence and technological catch-up where the absorption capability of anationis
approximated by its stock of education at secondary levels.

Notes:

a MRW corresponds to the M ankiw, Romer, and Weil ecification. NP isfor Nelson and Phelps and corresponds to the specification as described by equation (16) in
the text. SNP corregponds to the model nested within the NP model and selected by the chosen variabl e selection method. SW is for stepwise procedure as described in
the text.

b. In and out order of the variabl es either added or removed from the model issued by the stepwise procedure.

c. pvaues, i.e, themargina significance level of a two-tailed test of the hypothed's that the coefficient is equal to zero, arein parenthesis under coefficient estimates.
d. - isthe conditiona number measuring callinearity.

e. Breusch and Pagan’s Lagrange Multiplier testfor nested model's as described in the text.
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sum of squares more than any other variable. Onevariable is added at atimeuntil a stopping ruleismet. The procedure
stopsif the F-test for each of thevariabl es not yet entered woul d bel ess than some predetermined number, say Fin. This
method has the disadvantage that it does not eliminate variables tha can become nonsignificant after other variables
have been added. The stepwise procedure also starts with no independent varieble and seleds variables one by one
to enter the model asin the forward method. But ater each new variable is entered, the stepwi se procedure examines
evey vaiable already in the model to check if it should be deleted, just as in abadkward elimination procedure. The
backward elimination method is quite similar to aforward method, except that it startswith the full model, and, at each
step, removesthat variable that hasthe smallest F value of dl the variablesin the equation. The procedure stops when
the F-test for all the variables|eft in the modd is bigger than some predetermined number, say Fout. At each step, the
stepwise algorithm therefore considers four alternatives. add avariable, delete avariable, exchange two variables, or
stop™. In the calculations, the probability F-to-enter (F-to-remove) isset to 0:93 (0:92) to prevent infinite cycles.

It isinteresting to notice tha the method selectsamodd (SNP) as described in Table 1 where both the neoclassical
convergence effect and the technologicd catch-up effect as proxied by the interaction term are specified together with
the rate of accumulation of physical capital?. The SNP model imposes somerestrictions on the parameters associ ated
with the NP model. A testing procedure is required to assess whether the SNP model defined as the null hypothesis
isindeed nested in the NP model specified in the alternative hypothesis. A Lagrange Multiplier test cannot reject at a
5-percent significance level the selected model as arestricted or specific version of the NP model*®. The SNP model
is therefore nested within the NP model with a probability of being wrong when rejecting it which is much greater

than 5%. The selected modd isnow characterized by a greater adjusted-R? (0:48), asmaller AIC (38:3) and asmaller

11 It is generally accepted that the stepwise procedureis vastly superior to the forward and backward selection procedures.
12" Thelabor force growth rae does not enter the selected model. This is by now a standard result that the empirical relationship between growth
and this variable is not “robust” (see, for instance Levine and Renelt [13] ).
13 The Lagrange Multiplier test for nested modds applied here has been derived by Breusch and Pagan [5]  who have shown that for linear
hypothesis on linear models, the LM prindple involvesonly two OL Sregressions. Thetest procedureis asfollows:

(i) the null hypothesis specifies the sdected model (SNP) as a restricted version of that of the altemative hypothesis that specifies the NP
(unrestricted) modd,

(ii) estiméte theresiduals from the nested model,

(iii) regress them on the original variables from the modd under the altemative hypothesis,

(iv) cdculatethe statistic N R? from this second regression, where N isthe number of observations,

(v) compare it with the aritical 5 percent value of aAﬁ,, where M isthe numbe of constraintsimplied by the null hypothesis. For M = 2
(M =3 M =4),A2 =5:99 (7:81, 9:49).

If NR? is gregter than A2, , wereject the null hypothesis with a5 percent first error type probability, i.e., to rejed the null when it is true.
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conditional number (2:4) as compared to the MRN model, solving therefore the problems of collinearity and of degrees
of freedom as mentioned aove. According to these criteria, the selected model nested within the NP model is to be
preferred to the MRW 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 the explanatory variables already in the equation, it has the highest sample
partial correlation in absolute value with the response variable, it isworth noticing that once the variable reflecting
the rate of accumulation of capital is entered, the interaction term is added followed by the initial level of income.
None of these variables isremoved subsequently. This suggests the relaive importance of the technological catch-up
effect compared to the neoclassical convergence effect. Finally, the size of the estimated coefficient associated with the
neoclassicd convergence effect in the sel ected model |owers by 50 percent compared toits estimated valueinthe M RV
modd. Thus, the speed of convergence due to diminishing returns decreases substantially once we control differences
in technology as modelled by Nelson and Phelps. Poorer countries benefit from both diminishing returns to capital
and technol ogical gaps once one controlsfor differencesin physical capital accumulation. Thereistherefore no reason
to reject that differencesin technology stand as an important part of the convergence and divergence phenomena that

poorer countries may have experienced over the period.

JA-test
Non-oil Intermediate  OECD

HO H1
SNP MRV 0.3 0.04 0.49
MRW  SNP 0.10 023 0.01

p-value p-value p-value

Table 2. Nonnested hypothesis test: MRW versus SNP

Note: the JA-test performs a test of ecification of non nested models as described in the text. The p-values give the probability of being wrong when rejecting the
model gecified under the null hypothess

I now turn totesting between the MRW and the sel ected model that are nonnested model s asthey are characterized
by non-overlapping independent varicbles. | apply a JA-test that comes about by applying, in a dightly modified

form, the Cox principle that generalizesthe likelihood ratio procedure used inthe case of nested hypothesis. It has the
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advantage, in contrast, for instance, to the J-test deve oped by Davidson and MacKinnon[6] , to remainvalid for small
samples and to be a robust test when the number of variables specified in each model is quite similarl4. Results of the
test are provided in Table 2 where the p-val ues give the probability of being wrong when rejecting the model specified
in the null hypothesis. When the selected model is specified as the null hypothesis and the MRW as the alternative
hypothesis, it cannot be rejected at a 10% significance level. However, this does not mean that it must necessarily be
preferred to the MRV model or that the MRV model is not also capable of predicting the performance of the SNP
modd'®. Once the modds are reversed with the previous alternative hypothesis becoming the null, the test tends to
reject the MRW model with amuch smaller probability (10% compared to 34%) of committing afirst error type, i.e.,
toreject it though it isthe true model. Hence, thereis no evidence that the SNP model is misspecified. What ismore,
it may be preferred to the MRW model given the one type error probabilities which indicate that the MRW modd can
be rejected at a10% significance level while the SNP model cannot.

| also specify a more general model that incorporates both the MRV 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 the conditional number
corresponding to this model increases. A stepwise procedure is applied to select arestricted version of it. Again,
the investment ratio variable entersfirst in the model. The interaction term follows and the last variable added is the
initial level of income A LM-test showsthat the selected restricted model is again nested within thisartificial nesting

moded 16,

14 The JA-test isanonnested test derived by Fisher and McAleer [ 12] . It is based on artificial regressions.
Suppase we have two competingmodels of the form:
Ho: E(Y) = Xl_l VsHj : E(Y) = X2_2

Thequestionis: to wha extent the modd specified under the null hypothesisis capable of prediding the performance of the model spedfied
under the altemative hy pothesis? And the procedureis as follows:

(i) obtain the predictions ¥, of Y from the model specified in the null hypothesis by applying the Least Squares method: ¥, = lel with
By = (X{X0) X}y

(ii) obtain the pregictions Yo;1 of Yo from themode! specified in the alternative hypothesis Yo:1 = X2 B,, with®, = (X§X2) i X3

(iii) augment the model spedfied in the null hypothesis by the single variable Yo:1, and test the significanceof its coeffident.

(iv) Thenull hypothesisis rgected if the coeffident is significantly different from zero.
15 Nonnested hypothesis tests do not formulate the hypothesisin a complementary way as in nested hypothesis tests because one model cannot
be obtained from the other by imposing a restriction. There aretherefore four possible outcomes: (i) both models arerejected, (ii) both modds are
accepted, (iii) the SNP modd is accepted and the MRV model isrejected, (iv) the MRW model isacoepted and the SNP modd is rejected.
16 NR2isequal to 2:56 ascomparedto thecritical valueto reect the nested modd that isequd to 7:81. Notethat aL M-test of aMankiw, Romer,
and Weil spedfication nested within thismore general modd leadsto a tes-statistic equal to 3:53 with aA3 equd t0 5:99.
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Estimations for the intermediae sample lead to very similar results. However, the JA-test rejects the SNP model
and acceptsthe MRW model that is dso preferred according to the AlC. The oppositeis true when one considers the
OECD sample. The JA-test accepts the model selected by the stepwise procedure and nested within the NP model
and rejects the MRV model. The adjusted-R? and the Al C improve substantially'” when one considers the sel ected
modd that now incorporates both the interaction term and the average stock of human capital though with anegative
sign for the later. Note that the sel ected model does not incorporate anymore theinitial level of income. T his suggests
that among the group of OECD countries, diminishing returns to reprodudcible factors do not play an important role
anymore as compared to the opportunity to catch up because of technological gaps provided that countries reached

what Abramowitz callsa threshold levd of “ sodal capability”.

322 “ldea Gapsand Object Gapsin Economic Development” Revisited

A key finding of the* new empiricsof economic growth” istheimportance of investment in equipment asan exceptional
source of economic growth. In seminal contributions, De long and Summers [8] and [9] argue that implied social
returnsto equipment investment are far above the private returns. However, De Long and Summers[8] also find that
thisresultisnot robust to testsfor interaction with anincomegap variablefor high income-countries. Asaconsequence,
they suggest that their high estimate may to some extent ref lect catching up. More specificadly, they note (p.467-468)

that:

“Wefind very attractive the idea that a high social product of equipment investment ref lects technol ogy transfer
mediated through capital goods, and thus that the sodal product is higher for poorer countries with more of a
technology gap to bridge. But the data do not speak reliably enough on this point for usto be willingto do more

than point out that the question isintriguing and potentially very important, and the evidence not conclusive.”

If De Long and Summers are so cautious in suggesting that their high estimates may indeed ref lect technol ogical
catch up, thisis because their results are not robust to sample expansion. In this section, | follow this line of research

pioneered by De Long and Summers, and by Romer in his insightful discussion about the relative importance of object

17 Theadjusted-R? isnow equd to 0:74 (comparewith 0:64 for the M R\ specification).
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gaps and idea gaps. | re-estimate equation (16) but where the absorption capacity of anation isnow approximated by
the average shareof equipment investment in output as provided by De Long and Summers[9] . Note that the samples
under study are similar to that used in the above estimations so that results provided in Table 3 aredirectly comparable
to that obtained in Table 1.

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 acountry are presented in Table 3 in the column called OIG for Object and
Idea Gap model. Notefirst tha the goodness-of -fit criteria are much better that those obtai ned with the estimations of
both the MRW and NP models. Second, the interaction of theinitial output per working-age person 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 De Long and Summers when they consider a large sample of countries. As the
conditional number suggests, this may be due to high multicallinearity that again substantially inflates variances of
the coefficients. Therefore, a stepwise procedure is applied to the Ol G model. The selected modd 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 sdected modd is almost identical to the one corresponding to the more general OIG model. Also
interesting is that the size of the coefficient on physical capitd investment decreases by almost 15 percent while the
coefficient of the interaction term is now twice as large Asthe Lagrange Multiplier test cannot reject the selected
modd as a nested model within the more general Ol G model, the relative importance of equipment investment as a
factor ref lecting technology transfer is now more convincing and can hardly be rejected. The same conclusions can be
drawn for the intermediate sample though the stepwise procedure selects first the interaction term and then adds the
share of investment in physical capitd. Results obtained with the OECD samples are similar to the results obtained
in the previous section. The only significant variable is the interaction term whose coefficient is also relaively stable

across the different sub-samples though slightly higher for the OECD group. This corroborates De Long and Summers
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Dependent variable: log difference GDP per working-age person 1960-1985

Sample Non-oil Intermediate OECD
Observations 73 65 21
aModel selection OIG SOIG NP SNP QG SOIG NP SNP QG SOIG NP SNP
Constant 1.30 091 1.60 1.52 1.18 0.85 1.39 1.32 -1.68 0.44 0.20 0.44
b (0.24) (000)  (0.09)  (0.08 (030) (0000 (015) (0.13) (0.36) (0.00) (0.88)  (0.00)
In(Y60) -017 -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)
(E9/GDP).IN(Y 60 ax /Y 60) 222 455°2 177 4451 683 5541
(022 (0.00) (0.35)  (0.00 (0.05)  (0.00)
H3.In(Y 60m ax/Y 60) 0.61 0.65-3 0.56 0.58-4 148 2.05-1
(0.08)  (0.04) (0.11)  (0.06) (0.02  (0.00)
In(I/GDP) 0.42 0.36-1 0.59 0.59-1 0.35 0.32-2 0.55 0.551 -0.13 0.12
(0.00) (000)  (0.00)  (0.00) (0.00) (0000 (0.00)  (0.00 (0.51) (052
In(n+g+t) -037 053 -0%4-4 -044 062 -062-3 -041 -0.55
(022 0.09) (008 (0.15) (0.06)  (0.05 (0.20) (0.10)
Eq/GDP 342 4.07 -0.62
(0.20) (0.14) (0.84)
H3 0.10 0.07 0.11
(0.81) (0.86) (0.62)
df. 67 70 67 68 59 62 59 60 15 19 15 19
se. 0.289 0.295 0.311 0.309 0.285 0.295 0.312 0.309 0.118 0.116 0.125 0.123
ﬁ 0.54 052 0.46 047 0.48 0.45 0.38 0.39 0.74 0.75 0.71 0.72
d. 6.1 15 36 2.6 6.0 14 34 24 9.19 1 41 1
AlC 318 319 428 40.8 274 285 389 36.9 -24.2 -29.4 -21.8 -26.3
€L M-test 51 0.06 6.3 0.04 377 4.07

Table 3: Testsfor neoclassical convergence and technological catch-up where the absorption capability of anationis
approximated by its equipment investment output ratio and its stock of education & tertiary levels.

Notes:

a OIG (NP) corresponds to the model as described by equation (16) in the text with the absorpti on capacity approxi mated by the equi pmentinvestment outputratio (the
stock of education at tertiary levels). SOIG (SNP) corresponds to the model nested within the OIG (NP) model and sel ected by the chosen variable selection method.
SW is for stepwise procedure as described in thetext.

b. p-values, i.e., the marginal significancelevel of atwo-tailed testof the hypothesis that the coefficient is equal to zero, are inparenthesis under coefficient estimates.
c. Inorder of thevariables added in the model as sl ected by the stepwise method.

d. - isthe conditiona number measuring callinearity.

e. Breusch and Pagan’s Lagrange Multiplier testfor nested model's as described in the text.
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[8] alternative view that equipment investment may indeed accompany technology transfer.

JA-test
Non-oil  Intermediate OECD

HO H1

s0IG MRV 0.17 0.08 084

MRV SOIG 0.00 0.00 0.02
SNP (H3) MRV 0.24 0.02 0.16

MRV SNP(H3) 0.00 0.00 0.02

SOIG SNP(H3) 0.14 0.2 0.18
SNP (H3) SOIG 0.00 0.00 0.00

p-vaue p-vaue p-value

Table 4: Nonnested hypothesis test: MRW against SOIG and SNP models.

Note: the JA-test performs a test of specification of non nested models as described in the text. The p-val ues give the probability of being wrong when rejecting the
model specified under the null hypothesis

A nonnested hypothesis test of specification is avalable 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 acountry
is proxied by its share of equipment investment in output can be specified either as the null hypaothesis against the
MRV model or asthe alternative hypothesis, the outcome remains the same for all three samples. Itisaways accepted
while the MRV model is always reected with aclose 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 reproducibl e factors does not enter the sd ected model, this suggests that technol ogy
transfer mediated through capital goods yieldsimportant opportunitiesto 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.

Table 3 al so provides estimati ons where the absorption capability is proxied by thestock of human capital at tertiary
levels. Results are very similar to those obtained when the stock of human capital at secondary levels is considered.
However, the selected nested model within the NP model incorporates the labor force growth rates variable for both

the non-oil and intermediate samples of countries. What isimportant when using education stocks at tertiary levelsis
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that the JA-test always, i.e., for al three samples, rgects the MRW model as the null hypothesis with a close to zero
probability of committing afirst error type (see, Table 4). Note however, that the SOIG modd remains unambiguously

preferred to thisrestricted version nested in the NP modd.

4. Counterfactual Income Dynamics and Individual Effects of Diminishing
Retur nsand of Technological Catch-Up

In the MRW model, convergence occurs only because of diminishing returns to reproducible factors and technology is
considered as a pure public good. Inthe SNP model, both the neoclassical convergence effect and the technol ogical
catch-up effect are & work. Finaly, in the SOIG model, only the technological cach-up effect appears to be signif-
icantly important to explain internaional differencesin growth rates, once one controls for differences in physical
capital accumulation.

In this section, | 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 changesin the U.S.
distribution of wages. More specifically, they ask (p. 1009): “what would the density of wages have been in 1988 if
workers atributes, such as their union status, had remained at their 1979 level s?”

Growth regressions as estimated above allow us to calculate the partial contribution of each variable to growth
and therefore to quantify the growth rates tha would have been observed once differences in al the other variables
specified in the empirical model and thefixed effect are controlled for. Thereforeitis also possible to cal cul ate what
the density of output per working-age person would have been in 1985 if countries had exhibited average behavior
inall variables except some variables of interest (see dso, De laFuente who illustrates how traditiond cross-country
growth regressions can be used to analyze the immediate sources of the income distribution dynamics for a sample of
OECD countriesthough restricting his analysis to the first and second moments of the distribution).

Theeffects of the different variablesare estimated by applying kernel density methods. Thus, the procedure provides

avisually dear representation of wherein the density of incomesthe specified factors exert the greatest impact.
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Suppose we are given asample of independent, identically, distributed realizations of arandom variable fX;gi, .
2.0, . .
Now, if a smooth kernel function K '—lhil- is centered around each observation X; and if we average over these

functions in the observations, we obtain the kernel density estimate defined asfollows

1 X Mo T

ﬂ(x):m_ K =

Theestimateinheritates from all propertiesof thekernel function, i.e., it isa symmetric probability density function
(see for instance, Silverman [20] ). Practicd application of kernel density estimation is crucially dependent on the
choice of the smoothing parameter h. In the following andysis, | use the plug-in method of Sheaher and Jones [19]
as bandwidth selector that is also chosen by Di Nardo, Fortin, and Lemieux.

A question that originally mativated the convergence literaure is: what will the distribution of output per worker
look like in the future? In this section, | rather investigate the following question: what the distribution of output
per worker would have looked like if countries had been characterized by technol ogical backwardness and different
absorbing social capabilities, and by differentinitial levels of output per worker after having controlled for differences
in factor accumulation? This dlows us to focus on counterfactual dynamics of the world income distribution implied
by the neoclassical convergence effect and the technological catch-up effect. | first estimate the contribution of each
variable to the growth performance of each country in the sample given the results obtained from the convergence
equations estimated in the previous section. Second, | estimate counterfactual output per worker density estimaesthat
ref lect the impact of our variables of interest on the evolution of theincome distribution. Such counterfactual income
density estimates are plotted in Figure 1. Substantial differences arise between these density estimates and must be
explained.

In the upper-left andright plotsin Figure 1, | superimpose counterfactud income density estimates tha would have
been observed a 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
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.
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The individual impact on the evolution of the world income distribution of both phenomena can now be clearly seen.

Both density estimates naturally exhibit convergence, but theimpact of technological backwardnessassociated with
the absorption cgpacity of a nation appears to contribute in alarger extent to the decline of the middle-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 eff ect
appears to affect all countriesrather uniformly, it seems that poorer countries do not benefit to the same extent of their
technological backwardness compared to countries having already reached a threshold level of development. Their
absorption capacity must limit the strength of technological potentiality proper. The counterfactual income density
estimate associ ated with the Nelson and Phelps approach isto the left of the one associated with the Mankiw, Romer,
and Weil’s specification for poorer countries. For richer countries though, it is now to the right. This phenomenon
becomes even stronger if one looks at the plot in the lower right of Figure 1 where both the convergence effects as
specified in equation (16) are distinguishable. The impact of the technological catch-up effect is to yield the middle-
income group to vanish: countries belonging initially to this class of income either close their gap with richer countries
or fall behind into apoverty trap. Hence, it is, at least partially, responsible for the polarization of the world income
distribution into twin pesks, a characteristic of the world incomedynamicsthat has been highlighted, among others, by
Quah. This corroborates Abramowitz who argues that only those poorer countries that benefit from ahigh absorption
capability will beable to catch up and tojointhegroup of richer countries. Astheavailable stock of human capital rises,
total factor productivity growth takes place and poorer countries become ableto catch up with richer countries. The
phenomenon is even stronger when the absorption capacity of acountry is proxied by its share of equipment investment
in output (see the lower left plot in Figure 1).

Following Di Nardo, Fortin, and Lemieux, | also plotin Figure2 the difference between the density estimate of the
world income distribution in 1985 and each counterfactual density estimated after accounting for the neoclassi cal con-
vergence eff ect resulting from the MRV spedification (solid line) and from the technol ogical cach-up effect estimated

with the SOIG empirical modd (dotted ling). The closer to the zero line and the f latter isthe estimated line, the better

23



the counterfactual density estimate fits the shape of the observed income distribution at the end of the period.
Whatever the class of income is, the impact of the technological catch-up efect estimated with the SOIG model
allows for abetter fit to the observed income distribution in 1985. Even though, the middle-income group remanstoo
important compared with the onewe observed in 1985, the technological catch-up effect clearly yields divergence at
the bottom of the income distribution and convergence at thetop. Thereis adear impact of the technol ogical catch-up
effect on the pol ari zation of the world incomedistribution as advocated by Quah. Recall that the SOl G model could not
be rg ected while the MRN model was whatever the sample under 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
dynamics as opposed to a neoclassical framework where technol ogy isassumed to be a pure public good and where all
what matters to explain international differences in growth raesis that countries may suffer from object gaps on the

one hand and benefit from diminishing returns to reproducibl e factors on the other.

5. Concluson

In this artide, | take serioudy two alternative theoretical models that have been proposed to explain international
growthrates differences. These differencesledto dramaticinequalitiesinthequality of lifethat isfeasibletotheworld
population. As both approaches have different implications in terms of the development policies and strategies that
should be undertakento lead poorer countriesto catch up with richer ones, itisimportant that growth researchersfocus
on finding a consensus aout the rdative importance of the different mechanisms that may offer to poorer countries
the opportunity to catch up.

On the one hand, the neoclassicd growth theory assumesthat technol ogy isa pure public good. | nternational growth
rates differences are expected to disappear in the long run because of diminishing returnsto reproducible factors. All
that poorer countries must do to close their wealth gap is to accumulate more of a capital aggregate that incorporates
both physical and human capital. Following Romer’s terminol ogy, within a neoclassical framework, poorer countries

only suffer from an object gap. Thisapproach is rather pessimistic. An alternative view arguesthat technology isless
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public. Poorer countries dso suffer from an idea gap. This yields total factor produdivity growth diff erences to have
an impact on the dynamics of the world income distribution. These diff erences may be permanent or only transitional.
In the mid-80s, because growth rates were not 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
leadsto technologicd progressin the form of learning-by-doing that offsets the decline of the marginal productivity of
capital. Within this kind of framework, convergence does not occur anymore: the poor stays poor, and the rich stays
rich. However, thereisdso clear empiricd evidence that some poorer countries have been able to catch up while others
fell into a poverty trap. The middle-income group vanished over the post World War 11 period leading to a polarization
of the world income distribution. It is, therefore, important to assess whether this convergence phenomenon is the
result of diminishing returns to reproducible factors or the result of atechnological catch-up effect, or both. Similarly,
itis important to know whether the poverty trap arises because of differencesin the rates of accumulation, or because
countries lack the absorbing capability tha would allow them to benefit from their technol ogicd backwardness.

To be convindng, the above analysis makes useof formal modelsand stetistical hypothesi s testswhere both object
and idea gaps are allowed to play arolein the evolution of the world income distribution. Hence, it avoidsthe major
shortcoming of the appreciative theory on technology and growth. It aims at finding a consensus about the relative
importance of the neoclassical convergence effect and the technological catch-up effect.

Themessagein thisarticleisthe following: the assumption of acommon rate of technol ogical progressin aworld-
wide cross section of countrieswhere all what mattersisfactor'saccumul ationisundefensible. The neoclassical growth
modd provides an incomplete story of growth. And the above empirical evidence emphasizes technology diffusion
as acomplementary explanation to the worldwide income distribution dynamics. In other words, and as Solow orig-
inally argued (and as Mankiw, Romer, and Wel did not necessarily rule out), both traditional inputs and productivity
differences play alarge and important role in explaining growth rates differences.

First, robust to sampl e selection macro empirical evidencesuggeststhat the high sodial returnsto equipment invest-

ment may reflect technology transfer mediaed through capital goods rather than the presence of externalities taking
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the form of learning-by-doing. Second, stocks of education at both the secondary and tertiary level s appear to be also
good proxies of the absorption capability of anation. They play animportant role as a determinant of the rate of tech-
nological progress by allowing poorer countriesto adapt and i mplement technologies from abroad. All theseeconomic
mechanisms beter characterize the international growth rates differences over the period under study than atradi-
tional human capitd augmented neoclassical growth modd does. T hey cannot be rejected as anull hypothesis. Third,
after having controlled for differences in capital accumulation and the neoclassical convergence effect, technol ogical
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 islikely to be embodied, |eading
therefore to the formation of clubs of economies.

More generally, this should be interpreted as evidence in favor of growth model s that emphasi ze the importance of
differences in technology in addition to differences in endowments of human capital to explain international growth
rates differences. Some open economy endogenous growth mode s underline the potentia benefitsto lagging countries
from technology diffusion. The Schumpeterian tradition also strongly supportsthe view that technology transfer isan
important economic mechanism to understand the evolution of the world income distribution. As it is also consistent
with the polarization of the world income distribution becausetechnol ogy transfer may encounter obstacl es depending
for instance on the absorption capacity of anation, the above macro empirical evidence should lead growth researchers
andinternationd institutions to concentrate on working on adapted economic policiesthat will dlow devel oping coun-

triesto successfully adapt and implement new technol ogies from abroad.
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Figure 1. Counterfactual income dynamics: individual.contributions of the neoclassical convergence effect
as estimated in the MRW model (bold line) and of the convergence effect combining both the neoclassical
effect and the technological catch-up effect estimated with the SNP model (dotted lines) where the educa-
tion stock is measured 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 the
SNP model where education at tertiary levels acts as a proxy for the absorption capability of a country are
displayed, together with the neoclassical convergence effect estimated with the MRW model (bold line).
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Figure 2: Changesin the world income distribution: differences between the observed density estimate of the
log output per working-age person in 1985 and counterfactual density estimates implied by the neoclassical
convergence effect in the MRW model (solid line) and the technological catch-up effect in the SOIG model
(dotted line).
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