GLOBALIZATION, TECHNOLOGY TRANSFER
AND SKILL ACCUMULATIONIN
LOW-INCOME COUNTRIES

Jorg Mayer

No. 150
August 2000

This paper was prepared for the WIDER project Globalization and the Obstacles to the Successful
Integration of Small Vulnerable Economies. A shorter version isto be published in the volume also
containing other papers prepared for the project and edited by S. Mansoob Murshed. Theauthor isgrateful
to Mark Knell, Mansoob Murshed, Robert Read, Matthew Slaughter and Adrian Wood for their hel pful
comments and suggestions on an earlier draft.

UNCTAD/OSG/DP/150



The opinions expressed in this paper are those of the author and do not necessarily reflect the
views of UNCTAD. The designations and terminology employed are also those of the author.

UNCTAD Discussion Papersareread anonymoudy by at least one referee, whose comments
are taken into account before publication.

Commentson this paper areinvited and may be addressed to the author, ¢/o Editoridl Assstant*,
Macroeconomic and Development Policies, GDS, United Nations Conference on Trade and
Development (UNCTAD), Palais des Nations, CH-1211 Geneva 10, Switzerland. Copies of
Discussion Papers and Reprint Series may also be obtained from this address. New Discussion
Papers are available on the website at:  http://www.unctad.org/en/pub/pubframe.htm

*  Tel. 022-907.5733; Fax 907.0274; E.mail: nicole.winch@unctad.org

JEL classification: O33 and J24.



CONTENTS

Chapter

Introduction

. TECHNOLOGY AND SKILL ACCUMULATION

1. TRADEINTEGRATION AND TECHNOLOGY IMPORTS:
SOME STATISTICAL EVIDENCE

1. LABOUR PRODUCTIVITY AND DEMAND FOR SKILLED LABOUR
A. Labour productivity
B. Wage differentials and the demand for labour

V. CONCLUDING REMARKS

References

Page

22
23
25

27

29



GLOBALIZATION, TECHNOLOGY TRANSFER AND
SKILL ACCUMULATION IN LOW-INCOME COUNTRIES

Jorg Mayer

United Nations Conference on Trade and Development, Geneva

Abstract

Globalization has drastically improved access of technological latecomers to advanced
technologies and, to the extent that technological upgrading is important for development, it
provides a unique opportunity for low-income countries to raise per capita income. This paper
shows that low-income countries as a group have in fact substantially increased the GDP ratio
of technology imports over the past few years, but that there are large cross-country discrepancies
in technology upgrading within this group. General-purpose technology continues to constitute
the bulk of technology imports, while sector-specific technology used for labour-intensive
activities has gained in importance. Improved access to technology imports appears not to have
improved labour productivity and the demand for skilled labour in many low-income countries.
To raise the benefits reaped from globalization, governments might need to make additional
efforts towards a simultaneous increase in technology imports and the skill level of the domestic
labour force.

I ntroduction

Both standard neoclassical growth theory and recent endogenous growth theory explain the
persistent poverty in devel oping countries asbeing partly dueto differencesin technology betweenrich
and poor countries. Neoclassical theory considers technology as both universally available and
applicable, and technological differences as gaps in the endowments of objects, such asfactories or
roads. By contrast, endogenous growth theory considersthat gapsin the endowment of ideasand in
the limited capability of devel oping countriesto absorb new knowledge are the main reasons for
poverty. Thelatter impliesthat devel opment policy should concentrate on the interaction between
technology and skills with aview to facilitating the reduction of the idea gap.

Oneof themain opportunitieswhich globalization—theintegration of national economies—issaid
to offer to developing countries isthat they would have better access to the technical advancesin
developed countries. Integration would help to reduce thetechnology gap and to raisethelevd of tota
factor productivity and per capitaincomein developing countries. Coeand Helpman (1995), Keller



(1998) and Coe, Hel pman and Hoffmaister (1997) —henceforth CHH (1997) —have shown empiricaly
that countrieswhich have imported more from the world’ s technology |eaders have experienced faster
growthintotal factor productivity. Thispaper refinesthe measurewhich these authors used to proxy
technol ogy imports and assesses whether on thisrefined measure technology transfer to low-income
countries have increased over the past few years.

Theroleof technol ogy adoption in the process of economic development hasbeen arecurrent
themeintheeconomic literature. It highlightsthat the cross-country distribution of per capitaincome
will moveup over timewith no changeinitsrangeif the distribution of technology adoption isconstant
over time, i.e. al countries adopt new technology equally. To reducethisrange, backward countries
will need to upgrade their level of technology faster than the advanced countries. Theredlization of
technological improvementsin backward countriesis closely interrelated with their educational
atainment: their skill supply influencesthe amount and degree of sophidtication of technology which can
be adopted and efficiently used, while in turn the amount and sophistication of newly introduced
technology impacts on the demand for skills. Thismeansthat globalization can igniteavirtuouscircle
of technological upgrading and skill accumulation in technological latecomers.

It is clear that the interdependence between globalization, technology upgrading and skill
accumulationisdetermined by many factors, and afull specification of these mechanismsisbeyond the
scope of this paper. The more modest objective of the paper isto concentrate on trade flows as a
vehiclefor technology transfer to devel oping countries, and to assessempirically two phenomenawhich
reflect whether or not globdization hasignited avirtuouscircle between technol ogy upgrading and kil
accumulation: (i) the evol ution of machinery and equipment importsand their sectord bias, and (ii) the
change in the demand for skilled labour.

Section | presentsasimple framework regarding the interaction between technology upgrading
and skill accumulation. Section Il assessestechnology imports by low-income countries from both
devel oped countriesand devel oping countrieswith significant domesti ¢ research and devel opment
(R& D) spending, wherethelatter group will be called “technol ogically more advanced devel oping
countries’. Section |11 discusses changesin labour productivity and the demand for skilled [abour, and
section 1V provides some concluding remarks. Throughout the paper, specificemphasiswill be placed
on low-income countries where, following UNCTAD (2000), this group includes all developing

countries with a per capita GDP of under US$ 800 in 1995.



|. TECHNOLOGY AND SKILL ACCUMULATION

The shortage of modern technology iswiddly assumed to hold down thelevel of per capitaincome
inlow-income countries. But thereislittle empirical evidence on whether the improved accessto
modern technol ogy which has come about with globalization has hel ped dleviate thisshortage. Itis
clear that their improved access to modern technology a one does not guarantee that low-income
countrieswill realize productivity increases. They need the human capital required to absorb and
efficiently ussmoderntechnology. Moreover, economic policiesand ingtitutiona arrangementsimpact
on the actual amount of modern technology which low-income countries can import.

The combined role of education and technology for output generation can be expressed in two
aternativewaysin the production function. Firgt, they can beviewed asmultiplicativeinputs, which
impliesthat the “margina productivity” of education — determined by the number of inputs and the
current technology — can remain positive even if the technology does not change. A second, and
probably more useful, view (Nelson and Phelps, 1966; Lucas, 1993; Y oung, 1993) argues that
education has a positive payoff only if the technology is always improving.

Thissecond view can beformalized building onamodel by Nelson and Phelps (1966). Themodd
shows that the rate at which technological |atecomers realize technology improvements made in
technologically advanced countries is a positive function of their educational attainment
(with*** /*h > 0) and proportional to the gap between the technology level in advanced countries
(T(t)) and their own (A(t)):

Al(t) “ih T(t) — A1)
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Assuming that technology in advanced countries improves exogenously each year by n per cent, i.e.
Tty = Te™
impliesthat the equilibrium path of potentid technol ogical development of atechnologica latecomeris

o
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Accordingly, thepotentid level of technol ogy whichisemployedin atechnologically backward country
dependsonitsown educational attainment h and the rate of technological progressin the advanced
countrieswhich becomes available to the backward countries. A grester supply of human capital will
have no effect on thelevel of output generated with conventional inputs unless new technology is
introduced, and skill accumulation will continue only when technical progressis sustained.

Theintroduction of new technology can stimulate skill accumulation in two ways. First, the
technology can be of amore recent vintage without affecting the sectoral composition of production
(within-industry effects). Second, assuming the existence of atechnology |adder in the production of
goodsordered by increasing technical sophigtication, theintroduction of new technology can stimulate
skill accumulation also —and perhaps most importantly —when it leads to a change in the sectoral
composition of production by relating to activitieswhich are one rung up on the technol ogy ladder
compared to those which already exist in an economy (between-industry effects). Hence, the full
impact of technology adoption on skill accumulation depends on the amount of new technology thet is
introduced and on the degree of changein the structure of production up the technology ladder which
the new technology entails.

Theintroduction of new technology isconstrained by barriersto technology adoption. When such
constraints are present, the technology inflows which can be redlized (ng) will be lower than the

potential inflows of modern technology (n).

AY = [y ) Te™

Severad factorsdeterminethe difference between n and n.. Import rulesand restrictionswill limit
technology imports—one effect of tradeintegration isthe decline of such limits. Naturd trade barriers
such asgeographical distance can reduce technology importsto the extent that geographical distance
raisestransportation costsof capita equipment, which embodiestechnology to prohibitivelevels. From
amicroeconomic perspective, high costsfor firmsto invest in new technology limit its adoption,*
including acumbersomelegal and regulatory framework or high real interest rates and an unstable

exchange rate, which do not enable potential investors to make long-term plans.

! See Parente and Prescott, 1994, for a detailed discussion.



From amacroeconomic perspective, acountry’ sability toimport new technology will beserioudy
limited if it issubject to abal ance-of -payments congtraint because it cannot achieve export earningsthat
fetch theforeign exchange whichisrequired to pay for suchimports. Theleve of the export-earnings
requirement isdetermined by the share of machinery investment which needsto beimported, aswell
as by the level of aggregate investment and the proportion of investment which is machinery (as
distinguished from construction).

But increased tradeintegration a so hasacompostion effect on the country’ sproduction structure.
Asargued above, thiscomposition effect impacts on the direction of change up or down the technology
ladder brought about by the sectora bias of the new technology. Ontheimport Sde, aninflow of new
technol ogy that raises productivity of all sectorsequally will not alter comparative advantagein the
framework of standard tradetheory. But the oppositewill bethe caseif theinflow of technology was
sectorally biased, since for Ricardian reasons this would alter comparative advantage.

On the export side, the composition effect worksthrough two channelsthat can pull in different
directions. Thefirst channel regardsthe terms of trade: to maximize its export earnings, the country
should strive to export those products which are not subject to declining terms of trade. The second
channel regardsthe country’ scomparative advantage: to maximizeitsexport earnings, the country will
need to changeits production and export structure towardsthose sectorsin which it hasacompetitive
edge. Concern has often been expressed in this regard because to the extent that manufacturing is
higher up on the technology ladder and provides a better growth potentia than agriculture, developing
countries might experience deindustridization and lower growth becausetheir comparative advantage
isusually not in manufacturing.

Globalization further complicatesthe composition effect of tradeintegration. With anincreasing

number of countriesintegrating into the world economy, aspecific country’ scomparative advantage




