
Industrial and Corporate Change, Volume 20, Number 2, pp. 457–510

doi:10.1093/icc/dtr003

Does structure influence growth? A panel

data econometric assessment of “relatively

less developed” countries, 1979–2003

Ester G. Silva* and Aurora A. C. Teixeira**,y

Neo-Schumpeterian streams of research emphasize the close relationship between

changes in economic structure in favor of high-skill and high-tech branches and

rapid economic growth. They identify the emergence of a new technological para-

digm in the 1970s, strongly based on the application of information and commu-

nication technologies (ICTs), arguing that in such periods of transition and

emergence of new techno-economic paradigms, the intermediate development

countries and the countries which are not at the technological frontier have

higher opportunities to catch-up. Although this debate is theoretically well docu-

mented, the empirics seem to lag behind the theory. In this article, we contribute to

this literature by adding enlightening evidence on the issue. More precisely, we

relate the growth experiences of countries which had relatively similar economic

structures in the late 1970s, with changes occurring in these countries’ structures

between 1979 and 2003. The results reveal a robust relationship between structure

and (labor) productivity growth, and lend support to the view that producing

(though not user) ICT-related industries are strategic branches of economic activity.

JEL classification: O10, O30.

1. Introduction

Structural change refers primarily to changes in the sectoral composition of the

economy (Silva and Teixeira, 2008; Wang and Szirmai, 2008), and may be driven
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either by demand-side factors, such as changes in domestic demand and in the

structure of exports, or by supply-side factors, such as the re-allocation of labor

and capital to more efficient uses.

The last two decades witnessed a revival of interest in structural change and in its

relationship with economic growth, which seems to be primarily related with the

spread of neo-Schumpeterian concepts (Silva and Teixeira, 2008). According to the

arguments put forward in this branch of economic literature [see especially, Perez

(1985) and Freeman and Perez (1988)], major technological breakthroughs have a

profound impact on the restructuring of the techno-economic and socio-

institutional spheres of the economy. With respect to the sectoral composition of

the economy, the introduction of a new “technological paradigm” (Dosi, 1982) leads

to significant changes, where a dynamic set of industries that is more closely related

with its exploitation assumes progressively greater importance and stimulates

growth, whereas sectors associated with older technologies see their influence decline.

Along with these important developments, some theoretical models within the more

orthodox branch of economics also came into play, suggesting that countries spe-

cializing in high-tech sectors could achieve high rates of productivity growth relative

to other countries (Grossman and Helpman, 1991; Lucas, 1993). Lucas (1988) even

suggested that it could pay off for a country to change its specialization pattern from

low- to high-tech sectors by adopting adequate policy measures.

The emphasis put by these theoretical approaches on the relationship between

technologically advanced industries and economic growth, together with the debate

on the impact of information and communication technologies (ICT) on aggregate

productivity growth, gave rise to a number of empirical studies examining the impact

of structural change on economic growth (e.g. Fagerberg, 2000; Timmer and Szirmai,

2000; Meliciani, 2002; Peneder, 2003; Castellaci, 2007; Wang and Szirmai, 2008).

Some of these studies consider a relatively large group of countries, grouping coun-

tries with marked structural differences (e.g. Amable, 2000; Fagerberg, 2000;

Meliciani, 2002; Peneder, 2003; Castellaci, 2007), whereas others focus on experi-

ences in individual countries or regions (e.g. Hobday, 1995; Nelson and Pack, 1999;

Timmer and Szirmai, 2000; Engelbrecht and Xayavong, 2007; Wang and Szirmai,

2008). To our knowledge, however, an attempt has yet to be made to assess the role

of technology-led branches taking specifically into account the countries which were

relatively less developed at the emergence of the new ICT paradigm, and could

therefore benefit more from adopting new technologies (Perez, 1985). This is the

main focus of this study. Our purpose is not so much to assess globally the impact of

technology-led sectors on economic growth, an issue that has already been addressed

in the literature (e.g. Fagerberg, 2000; Meliciani, 2002; Peneder, 2003), but to inves-

tigate their specific importance with respect to countries which were not at the

technological frontier in the late 1970s, and shared similar structural characteristics

in that time period.
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The period under analysis (1979–2003) was characterized by the emergence of a

new techno-economic paradigm, strongly based on the application of ICT (Freeman

and Soete, 1997), which replaced the previous paradigm based on low-cost oil and

mass-production technologies. According to some views expressed within the new

Schumpeterian approach (e.g. Perez, 1985), it is precisely in periods of transition and

emergence of new techno-economic paradigms that the relatively less developed

countries have greater opportunities to catch-up. In these circumstances, it seems

pertinent to compare economies that faced similar growth problems in the late 1970s

and which have experienced widely different growth trajectories since then, and

relate those experiences with changes occurring at the industry level of the economy.

This is accomplished in the present work by exploring the causality links between

industry and macro-level changes, taking into account a set of 10 “relatively less

developed” countries in the late 1970s, namely, Austria, Finland, Greece, Ireland,

Italy, Japan, South Korea, Portugal, Spain, and Taiwan. Despite presenting some

differences in per capita income and education levels, these countries share economic

structures that strongly rely on low-skill and low-tech industries, which indicate their

relative backwardness in technological terms.

The analysis of the trajectories of a restricted set of relatively homogeneous coun-

tries during the 1979–2003 span is further justified on empirical and theoretical

grounds by the consideration that countries follow very different growth patterns.

Given the strong empirical rejection of the hypothesis of a common growth model

for all countries in favor of the idea of different convergence clubs (e.g. Durlauf and

Jonhson, 1992; Färe et al., 2006), it does indeed seem more reasonable to analyze

separately a group of economies that shared similar structural characteristics at the

beginning of the period under study.

In comparison with previous studies on the relationship between growth and

structural change, this analysis also provides a more comprehensive approach, by

taking into account both the impact of manufacturing and services

technologically-leading sectors in the growth performance of countries. Evidence

found in recent studies (e.g. Inklaar et al., 2008; van Ark et al., 2008) points to an

important role played by some service subsectors, and particularly those more closely

related to ICT technologies, as sources of aggregate productivity growth. This as-

sumption is investigated in this study with respect to the set of 10 relatively less

developed countries in the late 1970s.

The article is structured as follows. Section 2 provides a brief discussion of the

theoretical groundings of the analysis between growth and structural change and

clarifies the main theoretical arguments that sustain the empirical exercise under-

taken. Section 3 identifies the list of countries to be compared by applying hierarch-

ical cluster analysis. Section 4 provides a descriptive characterization of the growth

and structural change processes of the selected countries during the period con-

sidered. It is shown that a striking increase in the countries’ dissimilarities came

into play during this period, and an association between changes in economic
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performance and changes in economic structure is hypothesized. In Section 5, this

possibility is examined through the estimation of dynamic panel data regressions.

The results reveal a robust relationship between structure and labor productivity

growth, although the impact of ICT industries is only relevant when ICT producing

manufacturing industries are considered. The final section presents a brief summary

and concludes.

2. Productivity growth and structural change: theoretical
considerations

The marked upsurge of empirical research on structural change in the last few dec-

ades can be related with a greater concern by the part of economists with the study of

technological change and innovation, to which the emergence of the New Economy

and the controversy generated around the “productivity paradox” have contributed

greatly (Silva and Teixeira, 2008). A prolific strand of applied work focusing on the

impact of leading technological sectors, and in particular of IT-related industries, has

thus emerged, using a vast assortment of empirical methods (e.g. Robinson et al.,

2003; Franke and Kalmbach, 2005; van Ark et al., 2008; Mahony and Vechi, 2009).

The intense proliferation of empirical research in the field has not, however, been

accompanied by a clarification of the corresponding theoretical groundings. Indeed,

a substantial amount of studies in this area does not provide any indication what-

soever as to the fundamentals of the research undertaken, whereas in other cases the

references given are so broad, encompassing concurrent views on the study of tech-

nology and innovation, such as evolutionary and neoclassical views, that they barely

offer satisfactory guidance to the empirical analysis.

With respect to the applied work of structural change, mainstream economic

theory does not seem to provide sound theoretical underpinnings. The prevailing

theory of economic growth has been able to produce totally aggregate growth

models, generally based on neo-classical production functions, and multi-sectoral

models in which structure remains unchanged through time, but not models which

represent the changing structure of the economy that inevitably accompanies growth.

The analytical treatment of economic growth has been carried out more in a way to

avoid analytical complications, than as a means to get as close as possible of the

concrete facts of reality. In this context, descriptive realism and historical evidence

have been sacrificed to the requirements of formal mathematization, and qualitative

changes, such as changes in the composition of the economic system, have been

omitted in the modeling framework. At the same time, mainstream economic theory

has been developed considering equilibrium analysis and optimization assumptions,

which by definition rule out any examination of problems related with the disruption

and restructuring of the productive structure. The dynamics of this type of

models, dictated by the choice of the relevant conditions—such as preference
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parameters—allows for a comparative analysis of different steady growth paths but

does not permit the analysis of out-of-equilibrium situations (Amendola and

Gaffard, 1998). Therefore, although some structural change features can be taken

into account, such as a change in technique or an increase in the variety of consumer

goods, the notion of growth as a process is irremediably lost: “equilibrium models are

aimed at identifying growth factors and measuring their respective contribution to

growth, so as to be able to derive policy implications”, but “there is no attempt to

understand the working of the growth mechanism, which is assumed in the model”

(Amendola and Gaffard, 1998: 115, emphasis added).

In this context, the theoretical bases of applied work on structural change have to

be found elsewhere in the literature. Pasinetti’s work on structural dynamics has been

identified as one of the most rigorous formulations to date of a structural model of

economic growth (Silva and Teixeira, 2008). The point of departure of the model

consists precisely in assuming that technical progress and demand changes (the main

engines of growth) have an uneven impact across sectors. Uneven technical progress

allows for an increase in productivity that is translated into growing uncommitted

income; higher levels of disposable income generate, in turn, a change in demand

patterns (through Engel’s law), with the consequent changes in the composition of

the economy and in the path of sustained growth. The model thus establishes a link

between technological advances, growth and structural change, in such a way as to be

useful to the empirical research on the matter. Nevertheless, for this study, Pasinetti’s

theoretical scheme does not offer more than general guidance. Indeed, the model is

centred on achieving a single purpose—to define the conditions under which it is

possible to obtain approximate full employment of resources in an environment of

continuous technical change—which although exploring some of the links ap-

proached in our work, namely the connection between the emergence of new indus-

tries and economic growth, it does so in a lateral manner. As Gualerzi (2001: 27)

highlights, although “new industries and new products can be represented in the

model”, they “do not become forces of change and the model does not acquire

dynamism from them”, which rules out any strict application of Pasinetti’s theoret-

ical framework in the present work.

In order to obtain a more appropriate theoretical background for the applied

work undertaken we turn to an alternative, yet complementary, approach to the

study of the process of economic growth and structural change: the

neo-Schumpeterian framework.1 Neo-Schumpeterian theory elaborates on the ori-

ginal contribution of Schumpeter relating innovation with renewed economic

growth and “creative destruction”. Schumpeter saw economic development as en-

dogenously determined by innovation and entrepreneurial investment. Economic

fluctuations, and most particularly, Kondratieff waves of half a century, were

1See Fagerberg (2003) for an extended discussion on the emergence and consolidation of the

neo-Schumpeterian stream of research.
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explained on the basis of the discontinuous introduction of swarms of basic innov-

ations and its subsequent diffusion in a bandwagon pattern throughout the econ-

omy. Although these ideas were received with great scepticism at the time of their

publication (e.g. Kuznets, 1940), in the recession period of the 1970s and 1980s the

role of basic innovations in generating “long waves” of growth gained new interest,

with a number of new-Schumpeterian economists addressing the issue, and giving

rise to what is currently known as the “long-wave” literature (e.g. Mensch, 1979;

Clark et al., 1981; Kleinknecht, 1986, 1990; Freeman and Perez, 1988).

This study takes into account the theoretical insights developed by the

neo-Schumpeterian literature, namely its emphasis on the profound impact of the

diffusion of major technological breakthroughs on the structure of the economy and

on economic growth, without adhering to the idea of a strict periodicity of

“long-waves”. We are particularly interested in exploring the joint impact of struc-

tural change and technological progress on the evolution of countries’ productivity

in the 1979–2003 period, focusing on the role played by technologically leading

sectors. According to the neo-Schumpeterian literature, the technological revolution

underlying this period is based on ICT, which would drive a new upswing of eco-

nomic growth starting in the 1980s or 1990s (see Freeman et al., 1982; Freeman and

Soete, 1997). This new “information age”, based on the exploration of cheap micro-

electronics (Perez, 1985), followed the older paradigm based on mass production

technologies and low-cost oil, which had its golden period in the 1950s and 1960s.

Following the arguments expressed in the literature (Perez, 1985; Freeman and

Perez, 1988), the emergence of a major technological breakthrough has a profound

impact on the restructuring of the techno-economic and socio-institutional spheres

of the economy. With respect to the sectoral composition of the economy, the

introduction of a new technological paradigm originates significant changes, where

a dynamic set of industries that is more closely related with its exploitation assumes

progressively greater importance and stimulates growth, whereas sectors associated

with older technologies see their relative influence decline.

Along with changes in the growth rates and the productive structure of the econ-

omy, there is also important institutional and social change. As argued in the

neo-Schumpeterian theory, diffusion is never immediate or automatic, but is strong-

ly dependent on a number of characteristics of the “receiving” economy, and in

particular on the ability to adapt its institutions to new forms of organization and

management of the economic activity required by the new technological paradigm

(Perez, 1985; Freeman and Perez, 1988).

Successful catch-up, it is argued, can only be achieved by countries that possess

adequate “social capabilities”, that is, those with sufficient educational attainments

and adequately qualified and organized institutions that enable them to exploit the

available technological opportunities (Fagerberg, 1994). The pace at which the po-

tential for catch-up is realized depends furthermore on a number of factors, related

with the ways in which the diffusion of knowledge is made, the domestic capability to
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innovate, the pace of structural change, the rates of investment and expansion of

demand, and the degree of “technological congruence” (Abramovitz, 1986, 1994) of

the backward country in relation to the technological leader. With respect to the new

technological paradigm (the ICT revolution), the requirements imposed in terms of

skills (investment in human capital) and infrastructure (investment in physical cap-

ital) seem to be particularly high, making catching up on the basis of diffusion more

difficult (Fagerberg and Verspagen, 2002).

Based on the neo-Schumpeterian literature and its emphasis on the relationship

between technology, structural change and economic growth, we analyze the growth

performance of a number of countries in terms of the observed changes in economic

structure towards skill and technology-intensive industries. The analysis of causality

links between changes in structure and economic growth takes into account the

countries’ investments in both human and physical capital, which are prior require-

ments to the adoption and creation of technology (cf. Section 5).

3. Determining the countries’ structural similarity: a cluster
analysis

3.1 Variables and data sources

In order to identify the group of relatively less developed countries which shared

similar structural characteristics in the late 1970s, a comparison of 21 countries (20

OECD members plus Taiwan) is undertaken.2

The assessment of similarity among countries is based on three major features: per

capita income, educational attainment of the workforce, and the composition of

economic activity. Per capita income is still an important measure used in the as-

sessment of countries’ economic and social development differences, despite its

well-known deficiencies (cf. Khan, 1991). Data on this variable are taken from

the World Economic Outlook Database (April 2008) of the International Monetary

Fund.3

Along with per capita income, a measure of human capital stock is included,

expressed by the average number of years of formal education of the working age

population (25–64 years). The choice of this variable reflects the crucial role of

2Although a larger set of countries would increase the discriminatory power of the cluster analysis,

more countries could not be included due to data limitations. In particular, data at the

industry-level comprising both manufacturing and services at a reasonably large disaggregation

level and covering the entire 1979–2003 span are only available for the list of countries effectively

considered. This list can be found in Table 1.

3This database provides full information regarding per capita GDP based on purchasing-

power-parity (PPP) in current international dollars for a vast number of countries for the 1980–

2007 period.
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education in determining the capacity to assimilate advanced technologies from

more developed countries, and to foster rapid structural change and economic

growth (cf. Section 2). Most of the data regarding this variable are taken from

Bassanini and Scarpetta (2001). The authors extend de la Fuente and Doménech’s

(2000) earlier computations, determining the average number of years of formal

education of the working age population on an annual basis over the 1971–1998

period.4 We consider additionally Barro and Lee’s (2001) estimates for the same

variable for Korea and Taiwan, because these countries were not taken into account

in Bassanini and Scarpetta’s work.5

With regard to the composition of economic activity, three complementary in-

dustry taxonomies are considered: a slightly modified version of the taxonomy

proposed by Tidd et al. (2005), based on innovation and technological characteristics

of industries; a taxonomy from Peneder (2007), which classifies industries according

to their skill requirements; and finally, an ICT-based taxonomy from Robinson et al.

(2003), which ranks industries according to their production or use of ICT.

The innovation taxonomy suggested by Tidd et al. (2005) constitutes a refinement

of Pavitt’s original classification scheme (Pavitt, 1984) which includes the informa-

tion-intensive category along with the former Pavitt categories: supplier-dominated,

scale-intensive, science-based, and specialized suppliers. These four categories estab-

lish a gradual scale of technological opportunities, identified with the number of

significant innovations achieved: they are lowest in supplier-dominated firms, in

which most of the technological advances come from suppliers of equipment and

other inputs; they are relatively higher in scale-intensive firms, which develop in-

vestment and production activities in large-scale production systems and major

sources of innovation come from production engineering departments and suppliers

of specialized inputs; and finally, they are highest in science-based and in specialized

supplier firms, the former characterized by high levels of in-house R&D and strong

links with science, and the latter facing continuous pressures to improve efficiency on

the part of their users. In later work (e.g., Pavitt, 1990; Tidd et al., 2005), the

information-intensive category is included to take into account the firms/industries

that benefit most from the new technological breakthrough, such as financial and

4Up to the early 1980s, Bassanini and Scarpetta (2001) interpolate the 5-year estimates provided by

de la Fuente and Doménech (2000), whereas from that date onwards they calculate average years of

education based on data from the OECD Education at a Glance (various issues), and consider the

cumulative years of schooling in each educational level described in the OECD (1998: 347).

5Barro and Lee (2001) show that the estimates of educational attainment based on OECD data are

quite similar to their own measures, and therefore the inclusion of a different source of information

does not seem to be problematic. The major differences arise with respect to Germany and the UK,

because of a different classification of educational attainment between the OECD and the UNESCO

sources.
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retail services.6 We use a slightly modified version of this latter taxonomy, consider-

ing additionally the non-market services category (cf. Table 1), in a way similar to

Robinson et al. (2003). The inclusion of non-market services is intended to take into

account the specificities of non-profit activities, such as public administration, edu-

cation, and health. Generally, nonprofit activities obey a distinct logic in terms of the

relationship between innovation and productivity growth (Lumpkin and Dess, 1996;

McDonald, 2007), and therefore it seemed reasonable to include them in a separate

category.7

The second taxonomy, from Peneder (2007), classifies industries according to

their educational workforce composition, distinguishing among seven categories,

from very high to very low educational requirements (cf. Table 1).8 It combines

educational attainment data, compiled in a collective effort coordinated by the

National Institute of Economic and Social Research (NIESR), with industry data

gathered from the OECD STAN database. The “very low” educational intensity cat-

egory includes only supplier-dominated industries, such as agriculture and textiles,

whereas the “very high” category encompasses sectors such as education, research

and development, and computer and related activities. The “medium” and “medium

high” categories represent the largest groups, including, among others, “science-

based” industries (chemicals and radio and television receivers as “medium high”

and other electrical machinery as “medium”), and specialized suppliers (telecommu-

nication equipment and scientific instruments as “medium high” and mechanical

engineering and insulated wire as “medium”).

Finally, the ICT taxonomy is based on the original classification of OECD (2002)

which distinguished between ICT producing and using industries. Considering add-

itionally non-ICT industries, Robinson et al. (2003) propose a seven group taxonomy

6A new taxonomy built upon innovation studies literature and sharing some commonalities with

that of Tidd et al. (2005) has been recently presented by Castellacci (2008). Combining manufactur-

ing and services industries within the same framework, this taxonomy highlights the role played by

vertical linkages and inter-sectoral knowledge exchanges between those industries. More specifically,

it proposes four major categories: (i) advanced knowledge providers (knowledge intensive business

services, specialized suppliers manufacturing), (ii) supporting infrastructural services (network in-

frastructure, physical infrastructure), (iii) mass-production goods (science-based manufacturing,

scale-intensive manufacturing), and (iv) personal goods and services (supplier dominated goods,

supplier dominated services).

7Tidd et al. (2005) provide examples of industries included under each of the taxonomical cate-

gories, but of course they do not cover the entire set of industries considered in the present work.

Our classification is based on our own interpretation of the authors’ taxonomy, and on previous

applied work using Pavitt-type taxonomies (e.g. Robinson et al., 2003).

8Robinson et al. (2003) present an alternative skill taxonomy, based on the Eurostat Labor Force

Survey data, which is devised in a way similar to Peneder’s. Although there are some differences in

the classification of industries in the intermediate categories (Peneder’s taxonomy is more disag-

gregated), the two taxonomies present many similarities in terms of the classification of the 56

industries considered in this research.
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which ranks industries according to their production or use of ICT: ICT producing

manufacturing (ICTPM), ICT producing services (ICTPS), ICT using manufacturing

(ICTUM), ICT using services (ICTUS), Non-ICT manufacturing (NICTM),

Non-ICT services (NICTS) and non-ICT other industries (NICTO). The former

two categories, ICTPM and ICTPS, include industries that directly produce ICT

goods and services, namely telecommunication equipment, radio and television re-

ceivers, scientific instruments, communications and computer related activities (cf.

Table 1). In general, ICTPM industries include specialized suppliers industries char-

acterized by high or medium-high educational intensity, whereas supplier-

dominated industries are mostly represented within the non-ICT category, and are

characterized by low or very low educational intensity levels.

The relative shares of the countries’ industries are computed according to the

three classification schemes, taking into account both gross value added and em-

ployment figures. Data on sectoral value added in current prices and employment (in

hours) are taken from the 60-Industry Database of the Groningen Growth and

Development Center, which is available on-line at: http://www.ggdc.net. This data-

base covers 26 countries for 56 industries classified according to the International

Standard Industrial Classification (ISIC) revision 3. Table 1 presents the classification

of the 56 industries according to the selected taxonomies.9

3.2 Countries’ characterization in the late 1970s

Table 2 presents the list of variables considered in the cluster analysis for our sample

of 21 countries.10

As can be seen in Table 2, countries with larger per capita incomes tend to have

higher educational capital stocks and relatively higher shares of high-skill industries.

Inversely, countries with relatively low levels of GDP per capita income and human

capital have higher shares of low-skill and supplier-dominated industries, the indus-

try group with fewer technological opportunities. The US and Germany, for example,

9The use of the three distinct taxonomies facilitates considerably the analysis of the impact of

technological and educational characteristics on the growth performance of countries, but it

should be noted that they have some limitations of their own. For instance, we can find

“supplier-dominated” firms in radio and TV receivers, electronics and chemicals, and

“science-based” firms in agriculture, despite, as Tidd et al. (2005: 174) point out “they are unlikely

to be technological pacesetters”. Moreover, given the fact that the selected taxonomies are based on

developed countries’ industrial frames, it is likely that for less-developed countries they might not be

as robust as desired. More precisely, some industries, such as radio and TV receivers, considered as

“science-based” when the reference country is a developed country, might, in the case of a develop-

ing country, include mainly assembling firms with few technological and educational requirements

[cf. Hobday (1995)].

10Table A1 in the Appendix A provides information on the industry groups considering the em-

ployment data.

A panel data econometric assessment of “relatively less developed” countries 469

 at U
n
iv

ersid
ad

e d
o
 P

o
rto

 o
n
 F

eb
ru

ary
 2

5
, 2

0
1
2

h
ttp

://icc.o
x
fo

rd
jo

u
rn

als.o
rg

/
D

o
w

n
lo

ad
ed

 fro
m

 



T
ab
le

2
In
d
u
st
ry

sh
ar
es

in
to
ta
l
gr
o
ss

va
lu
e
ad
d
ed

(%
),
av
er
ag
e
n
u
m
b
er

o
f
ye
ar
s
o
f
fo
rm

al
ed
u
ca
ti
o
n
o
f
th
e
w
o
rk
in
g
ag
e
p
o
p
u
la
ti
o
n
an
d
p
er

ca
p
it
a

in
co
m
e
(1
97
9,

va
ri
o
u
s
co
u
n
tr
ie
s)

S
ki
ll
ca
te
g
o
ri
es

In
n
o
va
ti
o
n
ca
te
g
o
ri
es

IC
T
ca
te
g
o
ri
es

E
d
u
ca
ti
o
n
P
P
P
p
cG

D
P
c

A
g
g
re
g
a
te

lo
w

a

M
ed

iu
m

A
g
g
re
g
a
te

h
ig
h
b

S
u
p
p
lie
r-

d
o
m
in
a
te
d

S
ca
le
-

in
te
n
si
ve

S
p
ec
ia
liz
ed

su
p
p
lie
r

S
ci
en

ce
-

b
a
se
d

In
fo
rm

a
ti
o
n
-

in
te
n
si
ve

N
o
n
-

m
a
rk
et

se
rv
ic
es

IC
TP
M

IC
TP
S
IC
TU

M
IC
TU

S
N
IC
TM

N
IC
TS

N
IC
TO

Y
ea
rs

C
u
rr
en

t

in
te
rn
a
ti
o
n
a
l

d
o
lla
r

A
u
st
ra
lia

3
7
.1

3
2
.2

3
0
.7

2
5
.1

1
9
.7

5
.6

1
.8

3
1
.1

1
6
.7

0
.6

2
.4

4
.9

1
4
.1

1
3
.9

3
9
.3

2
4
.7

1
1
.5

9
8
0
9
.8
0

A
u
st
ri
a

4
4
.5

2
5
.0

3
0
.6

2
8
.2

1
4
.8

6
.1

2
.4

3
1
.9

1
6
.6

1
.4

2
.4

6
.2

1
9
.8

1
6
.3

3
6
.1

1
7
.9

1
0
.3

1
0
,4
9
5
.0
0

B
el
g
iu
m

3
3
.0

2
4
.6

4
2
.4

1
8
.4

1
7
.1

1
1
.0

4
.2

2
9
.4

1
9
.9

1
.1

4
.0

5
.1

2
4
.9

1
6
.9

3
2
.7

1
5
.3

9
.2

9
7
5
8
.3
0

C
a
n
a
d
a

3
4
.0

3
4
.3

3
1
.8

2
2
.8

1
8
.7

5
.5

1
.9

3
2
.6

1
8
.5

1
.1

2
.8

4
.7

1
4
.9

1
3
.8

4
1
.2

2
1
.5

1
2

1
1
,1
1
9
.8
0

D
en

m
a
rk

3
4
.3

2
8
.9

3
6
.8

2
1
.2

9
.7

7
.1

1
.7

3
7
.9

2
2
.3

0
.9

2
.0

6
.7

2
1
.5

1
0
.4

4
5
.7

1
2
.7

1
0
.5

1
0
,0
3
8
.2
0

Fi
n
la
n
d

4
1
.2

3
2
.0

2
6
.8

3
3
.4

1
3
.2

6
.3

2
.0

3
0
.0

1
5
.1

0
.8

2
.5

8
.7

1
4
.3

1
7
.7

3
6
.3

1
9
.7

9
.5

8
7
6
3
.6
0

Fr
a
n
ce

3
5
.0

2
7
.1

3
7
.9

2
3
.5

1
1
.5

1
0
.7

2
.8

3
4
.2

1
7
.2

1
.8

3
.4

7
.5

1
7
.5

1
3
.9

4
1
.1

1
4
.8

9
.5

9
9
8
5
.8
0

G
er
m
a
n
y

3
2
.8

3
1
.7

3
5
.5

2
1
.0

1
6
.6

1
1
.4

5
.3

2
8
.7

1
6
.9

2
.1

2
.8

9
.9

1
7
.7

1
8
.4

3
5
.4

1
3
.7

1
1
.2

9
7
9
6
.7
0

G
re
ec
e

5
4
.5

2
2
.8

2
2
.7

3
8
.9

9
.5

2
.9

0
.9

3
4
.7

1
3
.0

0
.3

3
.1

6
.3

1
5
.4

1
1
.4

3
9
.5

2
4

7
.9

8
5
1
5
.3
0

Ir
el
a
n
d

4
9
.4

1
8
.7

3
1
.9

3
5
.8

1
3
.8

1
1
.3

3
.1

2
4
.3

1
1
.8

1
.3

5
.5

5
.2

2
0
.0

1
5
.6

2
4
.3

2
8
.1

8
.4

6
6
1
2
.4
0

It
a
ly

4
5
.8

2
4
.6

2
9
.6

2
9
.9

1
3
.4

9
.3

3
.7

3
1
.0

1
2
.7

1
.4

2
.2

9
.7

1
9
.6

1
8
.8

3
2
.9

1
5
.4

7
.3

8
9
9
9
.2
0

Ja
p
a
n

4
3
.2

2
9
.3

2
7
.5

2
9
.1

1
3
.4

6
.5

3
.9

3
7
.7

9
.4

2
.2

2
.2

6
.7

2
0
.9

1
5
.2

3
5
.8

1
7

1
0
.1

8
9
0
1
.2
0

K
o
re
a

5
7
.9

1
9
.2

2
2
.9

4
1
.7

1
2
.5

4
.8

4
.3

2
7
.1

9
.5

2
.8

1
.1

4
.3

1
6
.5

1
7
.7

2
4
.8

3
2
.7

6
.8

c
2
4
8
6
.8
0

Th
e
N
et
h
er
la
n
d
s
3
1
.1

2
6
.5

4
2
.4

2
1
.9

1
5

6
.3

4
.0

2
9
.3

2
3
.5

1
.8

2
.3

5
.2

1
8
.8

1
2
.2

4
1
.8

1
7
.8

1
0

1
0
,6
9
6
.1
0

N
o
rw

a
y

3
4
.3

3
5
.4

3
0
.4

1
9
.6

2
1
.8

4
.8

2
.0

3
4
.6

1
7
.2

0
.8

2
.1

6
.0

1
6
.0

1
1
.7

4
0
.6

2
2
.8

1
0
.6

1
2
,5
7
6
.6
0

P
o
rt
u
g
a
l

4
9
.8

2
3
.1

2
7
.1

3
3
.4

1
1
.7

6
.1

2
.2

3
3
.8

1
2
.8

0
.8

1
.5

4
.1

2
2
.5

1
7
.3

3
0
.9

2
2
.8

6
.9

5
1
3
0
.1
0

S
p
a
in

5
1
.5

2
3
.9

2
4
.6

3
2
.1

1
4
.8

5
.3

2
.9

3
1
.9

1
3
.0

1
.0

1
.9

6
.4

1
5
.7

1
8
.2

3
7
.6

1
9
.1

6
.3

7
2
8
7
.5
0

S
w
ed

en
3
1
.1

3
1
.0

3
7
.9

2
3
.4

1
2
.2

8
.1

2
.0

3
1
.8

2
2
.4

1
.7

2
.8

7
.3

1
6
.1

1
3
.5

4
4
.6

1
4
.1

1
0

9
9
5
3
.5
0

Ta
iw
a
n

4
8
.6

2
4
.3

2
7
.2

3
0
.3

1
8

6
.5

5
.0

2
9
.4

1
0
.8

3
.5

1
.6

8
.8

1
7
.8

2
4
.1

2
5
.8

1
8
.3

6
.4

c
3
3
5
5
.7
0

U
K

3
1
.3

3
3
.1

3
5
.6

2
1
.1

1
8
.8

9
.6

3
.2

3
0
.4

1
6
.9

1
.7

2
.8

9
.5

1
6
.9

1
4
.8

3
7
.3

1
6
.9

1
0

8
6
3
6
.4
0

(c
o
n
ti
n
u
ed

)

470 E. G. Silva and A. A. C. Teixeira

 at U
n
iv

ersid
ad

e d
o
 P

o
rto

 o
n
 F

eb
ru

ary
 2

5
, 2

0
1
2

h
ttp

://icc.o
x
fo

rd
jo

u
rn

als.o
rg

/
D

o
w

n
lo

ad
ed

 fro
m

 



T
ab
le

2
C
o
n
ti
n
u
ed

S
ki
ll
ca
te
g
o
ri
es

In
n
o
va
ti
o
n
ca
te
g
o
ri
es

IC
T
ca
te
g
o
ri
es

E
d
u
ca
ti
o
n
P
P
P
p
cG

D
P
c

A
g
g
re
g
a
te

lo
w

a

M
ed

iu
m

A
g
g
re
g
a
te

h
ig
h
b

S
u
p
p
lie
r-

d
o
m
in
a
te
d

S
ca
le
-

in
te
n
si
ve

S
p
ec
ia
liz
ed

su
p
p
lie
r

S
ci
en

ce
-

b
a
se
d

In
fo
rm

a
ti
o
n
-

in
te
n
si
ve

N
o
n
-

m
a
rk
et

se
rv
ic
es

IC
TP
M

IC
TP
S
IC
TU

M
IC
TU

S
N
IC
TM

N
IC
TS

N
IC
TO

Y
ea
rs

C
u
rr
en

t

in
te
rn
a
ti
o
n
a
l

d
o
lla
r

U
n
it
ed

S
ta
te
s

3
2
.1

3
0
.7

3
7
.2

1
8
.9

1
4
.4

9
.2

2
.7

3
5
.9

1
9
.0

1
.9

3
.9

7
.4

2
0
.5

1
4
.3

4
0

1
2
.2

1
2
.2

1
2
,2
5
5
.1
0

A
ve
ra
g
e

4
0
.6

2
7
.5

3
1
.9

2
7
.1

1
4
.8

7
.3

3
3
1
.8

1
6

1
.5

2
.6

6
.7

1
8
.2

1
5
.5

3
6
.4

1
9
.1

9
.4

8
8
1
7
.8
0

S
td
.
D
ev
.

8
.7

4
.8

5
.9

6
.9

3
.3

2
.4

1
.2

3
.4

4
.1

0
.8

1
.0

1
.8

2
.9

3
.2

6
.0

5
.3

1
.8

2
6
0
2
.3
0

M
a
xi
m
u
m

5
7
.9

3
5
.4

4
2
.4

4
1
.7

2
1
.8

1
1
.4

5
.3

3
7
.9

2
3
.5

3
.5

5
.5

9
.9

2
4
.9

2
4
.1

4
5
.7

3
2
.7

1
2
.2

1
2
,5
7
6
.6
0

M
in
im

u
m

3
1
.1

1
8
.7

2
2
.7

1
8
.4

9
.5

2
.9

0
.9

2
4
.3

9
.4

0
.3

1
.1

4
.1

1
4
.1

1
0
.4

2
4
.3

1
2
.2

6
.3

2
4
8
6
.8
0

a
In
cl
u
d
es

ve
ry

lo
w
,
lo
w
,
an
d
m
ed
iu
m
-l
o
w

sk
il
l
in
d
u
st
ri
es
.

b
In
cl
u
d
es

m
ed
iu
m
-h
ig
h
,
h
ig
h
,
an
d
ve
ry

h
ig
h
sk
il
l
in
d
u
st
ri
es
.

c Y
ea
r
o
f
re
fe
re
n
ce
:
19
80
.

S
ou
rc
e:
C
o
m
p
o
si
ti
o
n
o
f
ec
o
n
o
m
ic

ac
ti
vi
ty
:
G
G
D
C
-6
0
In
d
u
st
ry

D
at
ab
as
e;

E
d
u
ca
ti
o
n
:
B
as
sa
n
in
i
an
d
Sc
ar
p
et
ta

(2
00
1)

an
d
B
ar
ro

an
d
L
ee

(2
00
1)
;
p
er

ca
p
it
a
in
co
m
e:
IM

F
,
W
o
rl
d
E
co
n
o
m
ic

O
u
tl
o
o
k
D
at
ab
as
e
(A

p
ri
l
20
08
).

(N
)I
C
T
[P
/U

]{
M
/S
/O

}:
(n
o
n
)
in
fo
rm

at
io
n
an
d
co
m
m
u
n
ic
at
io
n
te
ch
n
o
lo
gy

[p
ro
d
u
ce
r/
u
se
r]
{m

an
u
fa
ct
u
ri
n
g/
se
rv
ic
es
/o
th
er
}
in
d
u
st
ri
es
.

A panel data econometric assessment of “relatively less developed” countries 471

 at U
n
iv

ersid
ad

e d
o
 P

o
rto

 o
n
 F

eb
ru

ary
 2

5
, 2

0
1
2

h
ttp

://icc.o
x
fo

rd
jo

u
rn

als.o
rg

/
D

o
w

n
lo

ad
ed

 fro
m

 



belong to the first group of countries, whereas Portugal, Greece, and Korea are good

representatives of the second, less developed group of countries.

With respect to the ICT classification, the results show that the two countries with

lower per capita incomes, Korea and Taiwan, have the highest shares in ICT produ-

cing manufacturing (ICTPM) industries. These results are, however, mostly related

to the radio and television receivers industry (ISIC 323), which accounts for about

one half of gross value added in ICTPM industries in both countries, and to a lesser

extent, to the electronic valves and tubes industry (ISIC 321), which contributes to

approximately 20–25% of that production. This is in marked contrast with the more

developed countries from our sample, such as Germany and the United States, which

also present high shares of ICTPM industries, but in which the more important role

is played by the scientific instruments industries (�40% of total GVA in ICTPM).11

The relative importance of ICTPM industries also explains why Korea and Taiwan

present high output and employment shares in science-based industries, the industry

group with more technological opportunities, despite being the less developed coun-

tries in the sample. As mentioned earlier, taxonomies sometimes “oversimplify” and

hide important idiosyncrasies among countries, particularly when applying taxo-

nomies based on developed countries to developing economies. Historical evidence,

documented in Hobday (1995), shows that South Korean and Taiwanese firms began

their catching up process in the 1960s and 1970s with the assembly of simple con-

sumer goods, most notably transistors, radios and black and white televisions (clas-

sified as “science-based” industries), relying on buyers for technical assistance and

market outlets. Thus, caution is required in interpreting the high shares of

“science-based” industries in these countries in the given period.

The picture is different when one looks to the ICT producing services category. In

this case, the countries which present higher shares are mostly wealthy countries,

with the exception of Ireland and, to a lesser extent, Greece.12 The same happens with

respect to non-ICT services, and information-intensive and nonmarket services

industries, the latter two representing categories from the innovation taxonomy.

In all cases, the higher output shares found in more developed nations reflect the

more advanced nature of the tertiarization processes in these countries, stemming

from changes taking place from the 1960s onwards in trade, technology and demand

factors (e.g. Feinstein, 1999; Peneder et al., 2003; Castellacci, 2008).13

11In terms of employment, scientific instruments account for �50% of total employment in ICTPM

industries in Germany (45% in the US), whereas in Korea and Taiwan it does not surpass 5%. In

line with the output figures, most of the employment in ICTPM industries in these latter countries

occurs within the radio and television receivers industries (�54% of the total in Taiwan, and 41% in

Korea).

12Korea and Taiwan, along with Portugal, show the lowest results.

13With regard to the employment variable, tertiarization can also be explained by the well-known

cost-disease argument developed by Baumol (Baumol, 1967, 2001).
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This impression is confirmed by the computation of Pearson bi-variate correl-

ation coefficients, considering both data on value added and employment variables

(cf. Table 3). The high positive relationship between education and per capita

income and, inversely, the strong negative relationship of each of these variables

and the relative shares of low-skilled and less innovative industries is clearly appar-

ent. All the correlation coefficients relating education (or per capita GDP) to either

the shares of low-skill or supplier-dominated industries are negative and strongly

significant. The more odd results, namely, the negative correlation of science-based

and ICT industry shares with both education and per capita GDP reflect the

Table 3 Correlation coefficients

Classification GVA shares Employment shares

Education Per capita GDP Education Per capita GDP

Skills

Very high 0.50** 0.56*** 0.65*** 0.70***

Aggregate higha 0.55*** 0.57*** 0.74*** 0.77***

Aggregate lowb ÿ0.80*** ÿ0.77*** ÿ0.79*** ÿ0.76***

Very low ÿ0.76*** ÿ0.79*** ÿ0.78*** ÿ0.77***

Innovation

Supplier-dominated ÿ0.72*** ÿ0.75*** ÿ0.76*** ÿ0.76***

Scale-intensive 0.34 0.24 0.31 0.32

Specialized supplier 0.19 0.15 0.52** 0.36

Science-based ÿ0.24 ÿ0.37 ÿ0.17 ÿ0.27

Information-intensive 0.31 0.44** 0.77*** 0.69***

Non-market services 0.63*** 0.71*** 0.62*** 0.75***

ICT

ICT producing manufacturing ÿ0.21 ÿ0.47** ÿ0.07 ÿ0.33

ICT producing services 0.31 0.33 0.63*** 0.62***

ICT using manufacturing 0.30 0.10 0.13 0.20

ICT using services ÿ0.08 ÿ0.02 0.73*** 0.55**

Non-ICT manufacturing ÿ0.56*** ÿ0.64*** ÿ0.57*** ÿ0.61***

Non-ICT services 0.63*** 0.79*** 0.74*** 0.85***

Non-ICT other ÿ0.37 ÿ0.54** ÿ0.73*** ÿ0.72***

Correlation education/GDPpc 0.82*** 0.82***

aIncludes medium-high, high, and very high skill industries.
bIncludes very low, low, and medium-low skill industries.

N¼ 21; ***, **Correlation is significant at the 0.01 and 0.05 levels, respectively (two-tailed

test).
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specificities of the Korean and Taiwanese economies. As indicated earlier, these

countries show the highest shares of ICT producing manufacturing activities,

which are also classified as “science-based”, but these industries reflect mostly

assembly-line production, that requires only minor skills of the workforce (e.g.

Hobday, 1995).

3.3 Hierarchical clustering results

Cluster analysis involves a number of different procedures that allow for the division

of a specific dataset into distinct groups, such that the degree of homogeneity is

maximal if the observations belong to the same group and minimal otherwise. In the

present study, because the dataset is relatively small, we use the hierarchical cluster-

ing approach to classify the individual observations into clusters of maximum

homogeneity.

Hierarchical clustering identifies successive clusters by using previously estab-

lished clusters. It can be either agglomerative or divisive, although the former is

the most commonly used.14 In the present case, we opted for the agglomerative

approach, starting with each case as a separate cluster and successively merging

the two closest clusters until a single, all-inclusive cluster remains.

The application of hierarchical agglomerative clustering requires the prior defin-

ition of a criterion to determine the distance or similarity between cases. We apply

the cosine similarity criterion, although there is no clear-cut indication as to this

measure’s superiority in comparison to the others.15 It also requires the definition of

the rules for cluster formation. In the present case, we use the average linkage be-

tween groups method, also known as unweighted pair group method using arith-

metic averages (UPGMA). This method defines the distance between two clusters as

the average distance between all pairs of cases in the two different clusters.16

Agglomerative clustering is applied to the standardized scores of the variables,

rather than to their real values, because they are measured on different scales (in-

dustry share variables in percentage points, human capital in years, and per capita

income in PPP current international US dollars).

Figure 1 presents the resulting dendrogram. The first vertical lines represent the

smallest rescaled distance, which in the present case corresponds to the merging of

Portugal and Spain on the one hand, and of Sweden and the United States, on the

14See Everitt et al. (2001) and Aldenderfer and Blashfield (1985) for more information on hierarch-

ical cluster analysis and on cluster analysis procedures in general.

15Acknowledging the subjective nature of this choice, we have also considered distance measures, as

well as the alternative similarity measure (the correlation of vectors). The resulting cluster solution

was always the same.

16The UPGMA method seems to be preferable in comparison to single and complete linkage rules,

since it uses information regarding all pairs of distances, and not just the nearest or the farthest.
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other. Subsequent vertical lines represent merges at higher distances, until only one

cluster, encompassing all cases, is obtained.

Generally, a good cluster solution is defined as being the one which precedes a

sudden gap in the similarity (or distance) coefficient. In this case, the larger distance

between sequential vertical lines occurs approximately between 15 and 25, suggesting

that the best clustering solution splits the list of countries into two clusters:

1. A cluster formed by Portugal, Spain, South Korea, Greece, Austria, Ireland,

Finland, Italy, Taiwan, and Japan (Cluster 1);

2. and a cluster including Germany, the UK, Belgium, Australia, Canada, Sweden,

the United States, Denmark, France, Norway, and the Netherlands (Cluster 2).17

The clustering solution thus separates our sample into a cluster of highly developed

countries (Cluster 2), characterized by high levels of education and per capita

income, and relatively higher shares of innovative and high-skill industries, and

a more heterogeneous cluster formed by relatively less developed countries

(Cluster 1).

As can be seen from Table 4, there is indeed greater dispersion within Cluster 1,

most particularly with regard to the ICT producing categories and to the per capita

Figure 1 Dendrogram using average linkage between groups and the cosine similarity

measure (1979).

17This result does not change when different linkage rules are considered.
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income variable. Countries such as Austria, Finland, Italy, and Japan present con-

siderably higher values for the income variable, close to the average value found for

the countries included in Cluster 2, whereas Spain, Ireland, Portugal, and most

notably, Korea and Taiwan, are very far behind (cf. Table 5). As a matter of fact,

Austria, Japan, and Finland are classified in Cluster 1 mainly because of the com-

position of their economic activity, characterized by a greater reliance on

supplier-dominated industries and the weaker relevance of high-skill industries com-

paratively to the countries included in Cluster 2. In contrast, countries such as Korea,

Taiwan, and Portugal present substantial differences in relation to the more de-

veloped countries in virtually all the variables considered. These differences are par-

ticularly acute with respect to per capita income and human capital variables, and

also in the (much higher) relevance of supplier-dominated industries.18

The higher dispersion in ICT producing categories in Cluster 1 reflects, further-

more, the economic specificities associated with the Asian countries in our sample,

most particularly, Taiwan and Korea. The strong relevance of some assembly line

ICT activities in these countries, together with relatively high shares of ICTPM

industries in countries such as Austria and Ireland explains the higher average

share of ICTPM industries in Cluster 1, when compared to Cluster 2. The inclusion

in Cluster 1 of countries with marked differences in terms of per capita income

might explain, in turn, the higher dispersion observed in ICT producing services

activities.

4. Descriptive characterization of the growth and structural
change processes of “relatively less developed countries”
countries between 1979 and 2003

Countries in Cluster 1, “relatively less developed countries”, which share some simi-

lar features in terms of economic structure in 1979, experienced very different pro-

cesses of growth and structural change from that time onwards, which gave rise to a

marked increase in their dissimilarities. Considerable differences arose with respect

to GDP and labor productivity growth, with Korea, Ireland, and Taiwan experien-

cing very high growth rates, well above those observed in the other countries (cf.

Table 6).

Furthermore, rapid growth experiences were intimately connected with strong

structural transformation. The computation of Nickell and Lilien indices of struc-

tural change (cf. Table 7) reveals that the fastest growth countries—Korea, Taiwan,

and Ireland—were simultaneously the countries with more rapid structural change

18It is worth highlighting, however, the contrasting evidence for Portugal, on the one hand, and for

Taiwan and Korea, on the other, with respect to the relevance of science-based industries, which is

considerably higher in these latter countries.
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Table 6 GDP at constant prices, GDP per capita based on purchasing-power-parity and labor

productivity (annual percentage change; 1979–2003)

GDP constant prices GDP per capita (PPP) Labor productivitya

Austria 2.2 4.9 2.6

Finland 2.4 5.1 3.0

Greece 2.0 4.3 1.6

Ireland 5.0 7.4 5.0

Italy 1.8 4.8 1.6

Japan 2.3 5.0 3.4b

Korea 7.0 9.1 5.7b

Portugal 3.0 5.8 2.7

Spain 3.0 5.5 2.0

Taiwan 6.5 8.6 6.9b

aLabor productivity is defined as value added per hour worked.
bReference period: 1979–2002.

Source: GDP: International Monetary Fund, World Economic Outlook Database, April 2008.

Labor productivity: GGDC 60-Industry Database.

Table 7 Nickell and Lilien indices of structural change (1979–2003)a

Nickell index Lilien index

Austria 0.527 0.274

Finland 0.735 0.404

Greece 0.475 0.315

Ireland 0.885 0.566

Italy 0.505 0.381

Japan 0.463b 0.352b

Korea 0.882b 0.635b

Portugal 0.601 0.477

Spain 0.472 0.346

Taiwan 0.807b 0.574b

aIndices are calculated considering 56 sectors and sectoral proportions in value added.
bReference period: 1979–2002.

Source: GGDC 60-Industry Database.
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during the period under study.19 In contrast, slow-growing countries such as Greece

or Italy experienced much more modest changes. This is in broad agreement with the

views expressed by the authors of the new structuralist approach (e.g. Pieper, 2000;

Rada and Taylor, 2006), according to which rapid growth requires profound changes

in the composition of economic activity and external trade.

The countries with faster structural change were also the ones experiencing more

profound changes in the relative importance of the industry groups defined earlier

(cf. Table 8). Korea, Ireland, and Taiwan were the countries where the decrease in the

relative share of low-skill industries was more intense. The lower importance of these

industries was compensated by a substantial increase in high-skill industries, par-

ticularly in the cases of Ireland and Korea. Ireland, Korea, and Taiwan also presented

the largest decrease in supplier-dominated industries, which, as indicated earlier, are

the industries facing lower technological opportunities. In contrast, relative shares of

specialized supplier and science-based industries—Pavitt’s top categories in techno-

logical and innovativeness potential—increased substantially (cf. Table 8).20

Moreover, these countries, along with Finland, presented the highest increases in

ICT producing industries, showing, at the same time, important changes in the com-

position of those industries. In Taiwan and Korea, the radio and television receivers

industry, which, as indicated earlier, accounted for about one half of total value added

in ICTPM in 1979, has at the end of the period only a minor contribution (5.5% and

2.5% in gross value added in Korea and Taiwan, respectively). In contrast, the relative

importance of electronic valves and tubes and office machinery increased substantially,

representing as a whole, more than 70% of total value added in ICTPM industries

(cf. Figure 2).21 A strong increase in the electronic valves and tubes industry is also

experienced by Ireland, rising from 3.9% to 22.5% of gross value added in 2003.

Given the profound changes in the structure of their economies, it is no surprise

that Korea, Ireland, and Taiwan have been able to significantly modify their situation

in comparison to the more developed countries included in Cluster 2. Indeed, these

countries have dramatically reduced the gap regarding the relative importance of

low-skill and supplier-dominated industries, and converged, at the same time, in

the more technological and skill-intensive categories. In the case of Ireland, in par-

ticular, not only was there a drastic reduction in the low-tech and low-skill industries

distances, but also a substantial increase in the already positive gap with respect to

specialized supplier and science-based industries.

Our findings seem to indicate furthermore that the influence of structural change

on economic growth depends on its association with technological change. The case

19See Lilien (1982) and Nickell (1985) for details on the computation of these indices.

20In Taiwan and Korea, there was however a small decline in the relative importance of

science-based industries.

21More precisely, 73.9% in Korea and 82.4% in Taiwan.
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of Portugal is rather illustrative of this point. Despite showing relatively fast struc-

tural change between 1979 and 2003, Portugal did not significantly change the com-

position of its economy in terms of the industry groups considered. The country was

able to reduce the relative importance of low-skill and supplier-dominated industries

and to increase high-skill industry shares, but the rate at which this transformation

took place was relatively low. Moreover, and quite significantly, the most important

change observed during this period refers to non-market services, which increased

their relative importance in �11% points. This has probably had an influence on the

relatively poor performance of the Portuguese economy, when compared to other

countries in the sample.

Considerable changes in education also came into play during this period.22 All

the countries increased the average number of years of formal education of the

working age population, expanding human capital stocks (cf. Table 9). However,

the rates at which this increase took place differed significantly across countries.

Table 9 Average number of years of formal education of the working age population (25–64

years) (1979–2003)

Years Percent change Education gapa

1979 2003 1979–2003 1979 2003 Var. (years)

Austria 10.3 12.2 18.8 ÿ0.3 ÿ0.1 0.2

Finland 9.5 12.5 31.3 ÿ1.1 0.1 1.2

Greece 7.9 10.4 32.0 ÿ2.7 ÿ1.9 0.8

Ireland 8.4 10.9 29.7 ÿ2.2 ÿ1.5 0.7

Italy 7.3 10.4 42.7 ÿ3.3 ÿ1.9 1.4

Japan 10.1 12.7 25.8 ÿ0.5 0.3 0.8

Korea 6.8 10.8 59.3 ÿ3.8 ÿ1.5 2.3

Portugal 6.9 8.0 16.6 ÿ3.7 ÿ4.3 ÿ0.6

Spain 6.3 9.7 54.4 ÿ4.3 ÿ2.6 1.7

Taiwan 6.4 8.8 38.9 ÿ4.2 ÿ3.5 0.7

aThe education gap is defined as the difference between the country’s value and the average of

countries included in Cluster 2.

Bold highlights countries with the highest increases in the average number of years of

education.

22In order to get a full series of education data we extended Bassanini and Scarpetta’s (2001)

estimates up to 2003 using the author’s methodology. We also applied this procedure to Korean

and Taiwanese data, considering Barro and Lee’s (2001) estimates. The complete data set and some

details on the calculus procedure can be found in Table A2 in Appendix A.
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Korea shows once more an impressive performance, along with Spain, Italy, and

Taiwan. Portugal, on the other hand, presents the weakest increase in the average

number of years of formal education, and is the only country which widens the gap

in comparison to the countries included in Cluster 2.

5. Regression analysis

5.1 The model

The empirical model is based on the typical cross-country catch-up equation (cf.

Barro and Sala-i-Martin, 2003), which can be formulated as follows:

yit ÿ yitÿk ¼ �yitÿk þ �xit þ �i þ "it : ð1Þ

In this expression, yit is the logarithm of labor productivity, defined as the value

added over employment in hours for country i in period t, xit represents a vector of

variables influencing economic growth, �i represents the unobservable

country-specific effect, and "it is the error term.

Equation (1) can be rewritten as:

yit ¼ �1yitÿk þ �xit þ �i þ "it , ð2Þ

where �1 ¼ 1þ �. This is a dynamic specification, since it includes the lagged de-

pendent variable among the regressors. It requires special instrumentation of the

lagged endogenous variable, for which we use the one-step GMM estimator de-

veloped by Arellano and Bond (1991).23

Differencing equation (2), the country specific effects are removed and the fol-

lowing equation is obtained:

yit ÿ yitÿk ¼ �1ðyitÿk ÿ yitÿ2kÞ þ �ðxit ÿ xitÿkÞ þ ð"it ÿ "itÿkÞ: ð3Þ

Equation (3) is estimated using GMM, considering both 1- and 5-year intervals

(k¼ 1 and 5), and assuming different specifications for the explanatory variables.

Given our previous analysis, the main explanatory variables reflect changes in

economic structure. More precisely, the variables considered are industry group

shares of some of the taxonomical categories described earlier (x1i) and their changes

over time (�x1i).
24 Both variables are expressed in lagged values so that causality

runs from industrial structure to productivity growth, and not the other way around.

According to the theory, the coefficients associated with these variables are expected

to be positive when industry shares refer to high-skill, specialized supplier and

23We opted in favor of the one-step formulation of Arellano-Bond GMM estimators, since there is

evidence regarding downward bias problems in the estimates of standard errors when using the

two-step estimator (Arellano and Bond, 1991; Islam, 2000).

24
� represents first differences.
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science-based industries, given their high productivity growth rates and the indirect

positive effects they generate to other industries, through producer and user-related

spillovers. More precisely, products and innovations originating in skills and

technology-intensive sectors are likely to be conducive to productivity gains in

other industries which use these products or find new applications for the innov-

ations developed, and therefore increase productivity. Inversely, a negative sign is

expected when low-skill, supplier-dominated industry shares are considered.25 A

positive sign is also expected with respect to ICT related industries, given their

role under the current techno-economic paradigm.

Along with these variables, which reflect the qualitative nature of the process of

structural change undertaken, we also include the Nickell index of structural change

(SC), which takes into account the pace at which changes in the composition of

economic activity took place. A positive impact is expected, assuming that rapid

growth requires profound changes in the composition of economic activity, as dis-

cussed earlier.

A number of control variables are also included. Following the arguments de-

veloped in Section 2, we control for the influence of the countries’ human and

physical capital investments, which, as indicated earlier, are prior requirements for

the adoption and creation of technology. The human capital variable (EDUC) is

expressed by the average years of education of the working age population, and its

variation over time (�EDUC). Physical capital accumulation is taken into account

through the inclusion of both the share of investment in GDP (INV), and its change

between tÿk and t(�INV).26 In line with our earlier discussion, the coefficients

associated to physical and human capital variables are expected to be positive.

Finally, we control for business cycle effects including time dummies in all

equations.27

The estimations are performed using the sample of countries included in Cluster 1

over the 1980–2003 period.28 The data source for labor productivity and industry

25This should not be seen as meaning that supplier-dominated (or low-medium technology) indus-

tries do not contribute to productivity growth. On the contrary, supplier-dominated firms do

generate production processes that have considerable aggregate impact (Heidenreich, 2009).

Nevertheless, these industries tend to lag in product and service innovation when compared with

their high technology, science-based counterparts, explaining therefore their relatively lower con-

tribution to overall productivity growth (cf. Kirner et al., 2009).

26The control variables are also expressed in lagged values in order to mitigate possible endogeneity

problems.

27In previous estimations, we also included the employment rate to check for country specific

differences in the business cycle. Since this variable was never statistically significant and could

directly influence labor productivity growth, it was excluded in the present framework.

28One observation was lost (1979), because data on employment and investment variables was only

available from 1980 onwards. Data regarding Taiwan, Korea and Japan refer to the 1980–2002

period.
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shares is the 60-Industry GGDC Database. Data on education are taken from

Bassanini and Scarpetta (2001) and Barro and Lee (2001), and extended up to

2003 using OECD Education at a Glance data, as indicated in the previous section.

Data on gross fixed capital formation are from the OECD Factbook 2008: Economic,

Environmental and Social Statistics, with the exception of Taiwan, whose data were

taken from the Taiwanese official government statistics.29

5.2 Estimation results

In Tables 10–13, we report one-step GMM estimates of the dynamic growth

equations.

The critical assumption underlying the GMM estimations, that is the lack of any

second-order autocorrelation in the residuals from the model in first differences, is

never rejected by the robust m2 statistics computed.30

The estimated coefficients show relative stability throughout all estimations. The

coefficient of the lagged productivity variable is always positive and inferior to 1,

which conveys the typical conditional convergence result, according to which coun-

tries with lower initial productivity levels present, on average, higher growth rates.

Regarding the control variables, the coefficient for the lagged education level is

positive and statistically significant in several equations using 1-year lags, but is never

significant when 5-year lags are considered. The change in the education variable is

never statistically significant. With respect to the physical capital variables, the vari-

ation in the rate of investment turns up with the expected positive sign in all esti-

mations and is significant in most cases, supporting the idea that the renewal rate of

the capital stock influences growth positively. The lagged investment rate shows in

some of the 1-year lag estimations a negative and significant coefficient. This seem-

ingly counter-intuitive result may reflect the fact that some of the slowest growing

countries in our sample, such as Japan and Portugal, present relatively high invest-

ment rates.31

With more relevance for the present work, the results confirm our premise ac-

cording to which structure influences productivity growth, irrespective of the lag

chosen or the variable used in the computation of industry shares (employment or

gross value added). In global terms, the coefficients for the structural variables turn

up with the expected signs and are, in most cases, statistically significant.

29Available on-line at: http://eng.dgbas.gov.tw.

30The m2 statistic is used rather than the more well-known Sargan test, due to the latter’s tendency

to over-reject the null hypothesis of serially uncorrelated errors in the case of one-step GMM

estimations (Arellano and Bond, 1991).

31The average investment rate in Japan and Portugal during the period under study is 29% and 26%,

respectively, whereas in Ireland and Taiwan the corresponding figures are 20% and 23%.
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The pace at which structural change takes place, proxied by the Nickell index

(SC), is one of the more robust explanatory variables. Ceteris paribus, an increase in

the Nickell index in 1 percentage point results, on average, in additional annual

productivity growth of 0.31 percentage points in 1 year lag regressions, and of

about 0.11 percentage points in 5 year lag regressions.32

Many of the variables used to reflect the direction of structural change according

to the selected technological and skill industry categories also show great robustness,

although in some cases their significance tends to decrease with the inclusion of the

SC variable. The coefficients for the skill variables, in particular, present the expected

signs and are in most cases statistically significant. According to our findings, an

increase in the share of high-skill industries results in a productivity growth bonus,

whereas the opposite occurs with respect to low-skill industries.

The science-based share variable also emerges as strongly robust. Its positive

impact is particularly high when considering 5-year lags and employment-based

estimations [cf. regressions (9) and (10) in Tables 10–13]. More precisely, a differ-

ence of 1 percentage point in the science-based share gives a difference of about 0.4

percentage points in the annual productivity growth rate when value added data are

used, and about 1.1 percentage points when using employment data.

Robust results are also found regarding both specialized suppliers and

supplier-dominated variables. As expected, the latter show a negative influence on

productivity growth, which is significant in value-added equations (share variable),

and in employment-based regressions (changes in the share variable). The coeffi-

cients for the specialized suppliers variables, on the other hand, turn out significant

and with the expected signs when 5-year lags are considered, although they emerge as

non-significant when shorter lags are used instead.

With regard to the influence of ICT industries over productivity growth, the

results point to a decisive role of ICT producing manufacturing (ICTPM) industries.

The coefficient regarding the lagged share of this variable is positive and strongly

significant in most equations. Also noticeable is that the impact of the ICTPM share

is quite strong, particularly when employment data are considered. More precisely,

an increase in the share of ICTPM industries by 1 percentage point amounts to a

more than 1 percentage point increase in the annual productivity growth rate (cf.

Tables 11–13). ICT producing services (ICTPS) industries, on the other hand,

emerge as less relevant. The coefficient of the variation in the share of these industries

has always the expected positive sign, but has only a significant impact over prod-

uctivity growth in two of the regressions estimated. Furthermore, the coefficient for

the lagged share presents a negative sign in many occasions, which is significant in

some of the estimations considering employment data. This seemingly

counter-intuitive result may reflect the rather low shares in these industries in

32Cf. Table A3 in the Appendix A.

A panel data econometric assessment of “relatively less developed” countries 495

 at U
n
iv

ersid
ad

e d
o
 P

o
rto

 o
n
 F

eb
ru

ary
 2

5
, 2

0
1
2

h
ttp

://icc.o
x
fo

rd
jo

u
rn

als.o
rg

/
D

o
w

n
lo

ad
ed

 fro
m

 



some of the fastest growing countries in our sample (e.g. Korea and Taiwan) during

the whole period under study. The coefficients regarding ICT-using industries are in

general non-significant, and when significant, show a negative sign.

Looking globally at the results on the selected industry groups variables, it can be

seen furthermore that their influence over productivity growth stems mostly from

the share variables and not from the changes in the shares. The coefficients on the

changes in the shares are only significant in four of the industry groups considered,

and in these cases they tend to reinforce the impact of the corresponding industry

group shares. It seems therefore that the pace at which global structural transform-

ation takes place is important for rapid growth, as suggested by the evidence found

with respect to the SC variable, but not so much the rate of change occurring in

specific industry groups.

The positive effect of skills and technology-intensive industries on productivity

growth, controlling for the influence of other variables that might also influence

growth, and particularly its strong impact, gives empirical support to our assumption

according to which substantial benefits have accrued to countries that successfully

changed their structure towards more technologically advanced industries.

Moreover, the fact that ICTPM industries have a strong impact on productivity

growth seems to be in global agreement with the conceptualizations of the

techno-economic paradigm developed within the neo-Schumpeterian streams of re-

search (cf. Section 2). It is important to stress, however, that the results lend support

to the view that ICT-related industries are strategic branches of economic activity,

but only when producing industries (in the present case, producing manufacturing

industries) are considered. This underlines the fact that most spillovers from

advanced industries, and particularly ICT-producing industries are local and national

in character, and therefore that “buying” is not the same as “producing”. Hence, our

results may be seen as reinforcing previous empirical evidence indicating that the

gains from the diffusion of new technologies are especially relevant in economies

which produce these technologies (e.g., Jaffe et al., 1993; Maurseth and Verspagen,

1999; Jaffe and Trajtenberg, 2002).

We now explore further the relevance of ICTPM industries, considering separately

the impact of each single industry included in this group under the modeling frame-

work expressed in equation (1). Tables 14 and 15 show the results.

The results are similar to our previous findings regarding the pace of global

structural change (SC) and the set of control variables (cf. Tables 14 and 15 and

summary results in Table A3). The pace of structural transformation is again always

positive and statistically significant, and the coefficient figures are very similar. The

convergence effect is once again present, showing a faster speed of convergence in

1-year lag regressions.

The results obtained from the specific structural change variables show once more

that their influence over productivity growth stems mostly from the share variables.

When significant, the changes in the shares reinforce the impact of the corresponding
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industry group shares. More importantly, the evidence found shows that the indus-

tries included in the ICTPM group were not equally relevant in promoting labor

productivity growth. Office machinery, electronic valves and tubes, and scientific

instruments industries emerge as those with a decisive influence on productivity

growth. The insulated wire industry is only statistically significant when employment

data and 1-year lag regressions are considered. The telecommunication equipment

and radio and television receivers industries, on the other hand, generally fail to be

statistically significant. These results are in global agreement with the evidence de-

picted in Figure 2. The fastest growing countries from our sample present noticeable

changes in the composition of the ICTPM industry group, which show precisely an

increase in office machinery and electronic valves and tubes industries.

These results are to some extent at odds with the evidence found in Carree (2003),

who found the Radio, TV and communications equipment industry as the only

electronics industry with a positive and significant impact on productivity growth.

Moreover, the average estimated impact of the specific branches of ICTPM industries

in this study are, in general, much higher than in Carree’s work.33 Carree’s results

were, however, determined for a larger sample of OECD countries, which included

developed as well as less developed countries. Apart from differences in the estima-

tion procedure, this result may therefore reflect the fact that the influence of specif-

ically oriented structural change in the ICTPM industries was more important in

relatively less developed economies. Perez’s contention (cf. Section 2) that relatively

these economies could benefit more from structural changes towards industries

related to new techno-economic paradigms in periods of transition seems, in this

way, to get some confirmation.

6. Conclusion

This article explores the relationship between structural and technological change

and economic growth, taking into account a number of relatively less developed

countries in the late 1970s. According to neo-Schumpeterian notions, there are rea-

sons to expect technologically leading industries, and particularly those more closely

related to new technological paradigms, to have a major influence on growth.

Moreover, according to some of the views expressed (e.g. Perez, 1985), it is precisely

in periods of transition and emergence of new techno-economic paradigms that the

relatively less developed countries have greater opportunities to catch-up.

33The estimated coefficient of the only statistical significant industry in Carree’s work (from Radio,

TV and communications equipment) suggests that a 1% higher share of this industry has almost

0.2% higher productivity growth per annum. Our corresponding figure, although not significant, is

2% per annum [cf. regression (4) in Table 15].
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Using a simple descriptive analysis we show that rapid growth experiences during

the 1979–2003 period in the countries in our sample were intimately connected with

strong structural change, measured by the computation of Nickell and Lilien indices.

Furthermore, the countries with faster structural change were also the ones experi-

encing more profound increases in the relative importance of skills and

innovation-intensive industries, and the largest decreases in low-skill and

supplier-dominated industries. These results suggest that an explanation for the

widely different growth patterns observed between 1979 and 2003 for the selected

countries might reside in their differing ability to promote changes in the economic

structure towards more skilled and innovation-intensive activities.

This assumption was examined in the last part of the article, through the estima-

tion of dynamic panel data regressions. According to our findings, the high-skill,

science-based industries have a positive and significant impact on productivity

growth, above the influence of physical capital renewal rate and, in the case of

science-based and ICTPM industries, of the “global” pace of structural change.

The results thus provide empirical support to the assumption that substantial bene-

fits have accrued to countries that successfully assigned larger amounts of resources

to more technologically advanced industries, namely science-based and

ICT-producing manufacturing industries.

At the same time, our results lend strong support to the view that ICT-related

industries are strategic branches of economic activity, but only when producing

industries are considered. This underlines the fact that most spillovers from advanced

industries, and particularly ICT producing industries are local and national in char-

acter, and therefore that “buying” is not the same as “producing”. Contrarily to the

conclusions presented in other studies (e.g. Barros, 2002), we therefore argue that the

implementation of industrial policies aimed at changing the pattern of specialization

towards the promotion of leading technology sectors may pay-off. 34
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Table A3 Regressions Summary (average estimates for the statistically significant coefficients)

GVA (lag 1)

(Table 10)

Hours (lag 1)

(Table 11)

Per year estimatesa

GVA (lag 5) (Table 12) Hours (lag 5) (Table 13)

Convergence rate þ0.041 þ0.049 þ0.024 þ0.014

[0.046] [0.053] [0.020] [0.029]

Conditioning variables

EDUC þ0.018 (11/18) þ0.019 (6/18) 0 0

[0.017 (3/6] [0.017 (3/6)] 0 0

V_EDUC 0 0 0 ÿ0.018 (2/18)

0 0 0 0

INV ÿ0.219 (11/18) ÿ0.210 (8/18) þ0.147 (2/18) 0

[ÿ0.199 (4/6)] [ÿ0.210 (3/6)] 0 0

V_INV þ0.399 þ0.369 (17/18) þ0.108 (9/18) þ0.110 (6/18)

[0.416] [0.387] [þ0.095 (4/6)] [þ0.132 (1/6)]

NICKELL þ0.304 (7/9) þ0.323 þ0.109 (8/9) þ0.106 (7/9)

[þ0.328] [þ0.308] [þ0.113] [þ0.104]

Skills taxonomy

AggHig þ0.719 þ0.389 þ0.324 0

V_AggHigh 0 0 0 0

Agglow ÿ0.536 0 ÿ0.404 0

V_Agglow 0 0 0 ÿ0.283

Innovation taxonomy

SB þ0.404 0 þ0.465 þ1.144

V_SB 0 0 þ0.429 0

SS 0 0 þ0.553 þ1.230

V_SS 0 0 0 0

SD ÿ0.767 0 ÿ0.299 0

V_SD 0 ÿ0.594 0 ÿ0.245

ICT taxonomy

ICTPM 0 þ1.309 þ1.132 þ2.115

V_ICPM þ0.904 0 0 þ1.256

ICTPS 0 ÿ1.636 0 ÿ1.592

V_ICTPS 0 0 þ0.679 0

ICTUM 0 ÿ0.524 0 ÿ0.396

V_ICTUM 0 0 0 ÿ0.598

ICTUS ÿ0.397 0 0 0

V_ICTUS 0 0 0 0

ICTPM

Office machinery and computers

ISIC30 þ2.087 þ4.542 þ1.092 þ4.654

V_ ISIC30 0 þ0.009 0 0

(continued)
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Table A3 Continued

GVA (lag 1)

(Table 10)

Hours (lag 1)

(Table 11)

Per year estimatesa

GVA (lag 5) (Table 12) Hours (lag 5) (Table 13)

Insulated wire

ISIC313 0 þ1.525 0 0

V_ISIC313 0 0 0 þ0.498

Electronic valves and tubes

ISIC321 0 þ1.827 þ2.543 þ3.698

V_ISIC321 0 þ3.352 þ1.122 þ1.703

Telecommunication equipment

ISIC322 0 0 0 0

V_ISIC322 ÿ0.870 0 0 0

Radio and television receivers

ISIC323 ÿ4.913 0 0 0

V_ISIC323 0 0 0 0

Scientific instruments

ISIC331 0 þ1.241 þ0.746 þ0.983

V_ISIC331 0 ÿ2.545 þ0.495 0

aObtained simply by dividing the average estimated coefficients in Tables 12 and 13 by five (number of

periods considered in the lag). Figures in [] for ICTPM specifications (Tables 14 and 15); 0—statistically not

significant; (x/y) means the number (x) of econometric specifications in total specification (y) estimated for

which the variable achieved a statistically significant estimate; when (x/y) is absent it means that all the

corresponding estimates were statiscally significant.
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