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Abstract

Several new measures of national technological capabilities have recently been developed. These attempts are a result of an
often-implicit theoretical consensus about the nature of technology. The aim of this article is to compare their methodologies
and results. The World Economic Forum (WEF), the UN Development Program (UNDP), the UN Industrial Development
Organisation (UNIDO), and the RAND Corporation are the institutions that have provided the measures examined here. We
compare these authoritative attempts with our own measure of technological capability, ArCo. The results provide a broadly
comparable ranking of countries, although a few significant differences do emerge.
© 2005 Elsevier B.V. All rights reserved.
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. Introduction and scope

Some significant attempts to build aggregate indi-
ators of technological capabilities at the country level
ave recently been made. The purpose of this article

s to illustrate the methodologies followed by each of
hem, to explore their similarities and differences, and
o compare the results. These recent empirical attempts
re the offspring of a certain consensus on the nature
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ax: +39 06 4463 3836.
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D. Archibugi), albertococo@yahoo.it (A. Coco).

of technology that has emerged over the last quart
a century, and that is today shared by different d
plines such as institutional economics, social studi
science and technology, and management studies

Both policy analysts and academic researchers
new and improved measures of technological c
bilities on the performance of nations to underst
economic and social transformations. With regar
policy analysis, this has relevance for public and b
ness practitioners. Governments constantly requir
formation about the performance of their own coun
and this is often better understood in comparison to
performance of their partners and competitors. B
nesses must make decisions on the geographical

048-7333/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.respol.2004.12.002



176 D. Archibugi, A. Coco / Research Policy 34 (2005) 175–194

of their investments, trade, and joint ventures based on
technical expertise embedded in the various national
innovation systems.

Not surprisingly, countries are more and more
ranked according to various statistics of performance
in science and technology activity (this is a standard
practice of many international organizations; see, for
example,European Commission, 2003; OECD, 1999;
NSF, 2002). The interpretation of statistical data, how-
ever, is not uniform and policy makers are often in-
clined to read data on science and technology as a sort
of Olympic Medals Table, with the assumption that the
countries with higher levels of performance, either in
absolute or in relative terms, are better off. We do not,
of course, dispute that activities in the field of techno-
logical knowledge are a positive factor in social and
economic life. But a better understanding of the effects
of knowledge on economic and social variables should
still be gathered.

In recent years, there has been an increasing aca-
demic interest in the varying explanations of differ-
ences across countries in growth rates, composition of
trade, competitiveness, human development, and em-
ployment. This huge and mounting literature has of-
ten assumed that these differences are dependent on
the level of technological expertise, and in turn new
efforts have been made towards understanding, mea-
suring, and explaining the latter. However, to measure
technological capabilities is more complicated than to
measure other economic and social indicators. The very
n ate
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nature of technological capabilities available in each
country. Many scholars are uneasy, and with good rea-
son, with the idea that a single “number” could be used
to describe the technological activities of a country. We
are aware that one of the key features of technology is
precisely its variety; research activities, infrastructures,
human skills, the stock of capital, and many other com-
ponents constitute the technological capabilities of a
country, and it is a hard task to aggregate them in a log-
ically meaningful way. The notion of national innova-
tion systems (Lundvall, 1992; Nelson, 1993; Freeman,
1997), which has become increasingly popular over
the last 15 years, requires identifying the qualitative
as well as the quantitative differences across countries
and it explicitly assumes that each national system is
the outcome of a large number of institutions and of
geographical components, each of which is character-
ized by uneven capabilities. While some attempts to
measure sectoral differences in national innovation sys-
tems have already been carried out (seeArchibugi and
Pianta, 1992; Patel and Pavitt, 1994; Pietrobelli, 1994),
we share the view that there is no single number that
can provide comprehensive information of the whole
technological capabilities of a country.

But in spite of these limitations, synthetic indica-
tors can help. This is certainly not the first time that
aggregate indicators have been used for economic and
social analysis. Take, for example, the most widely
employed economic aggregate indicator, the gross do-
mestic product (GDP). Although GDP has the great
a life
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ature of technology makes it difficult to aggreg
ts heterogeneous aspects and components into
le meaningful indicator. Despite these limitations,
vailable statistical sources have grown during the
ecade, and we expect that this growth will conti

or the next few years. This paper has a two-fold a
rstly, it aims to compare the similarities and diff
nces between the various methodological approa
nd secondly, to test the consistency of these re
his paper is not devoted to exploring the impac

echnological capabilities on economic and social v
bles, but simply to check the consistency of the var
easures, under the assumption that a better u

tanding of the measures used will be helpful in o
o assess casual links between technology and p
ance.
The investigations taken into account here are a

ggregate level only, and therefore do not conside
dvantage in converting each aspect of economic
nto a monetary yardstick (an advantage that only
ew technological indicators have), it is equally e
ent that it highlights some aspects of economic
ocial life (such as income) and obscures others (
s well being). Not surprisingly, other social indicat
re becoming more frequently used to guide stra
ecisions (seeAnderson, 1991). Take the recent exam
le of the Human Development Index (HDI) (UNDP,
003), a relatively young statistical index, which h
ecome increasingly popular. By aggregating th
easures—life expectancy, education, and GDP—

ndicator has even a higher and wider ambition t
DP since it aims to describe a large aspect as hu
evelopment. However, its three components are
ressed in different yardsticks and are aggregate

he grounds of a score conversion. Despite the lim
ions, and if taken with due caution, these indica
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help to understand the reality of certain situations, and
can assist in devising strategic decisions.

2. What theory behind the measurement of
technological capabilities?

The works considered in this paper have many com-
monalities both in terms of their understanding of tech-
nological change, and of the statistical methods ap-
plied. These assumptions are often implicit rather than
explicit and this may generate the impression that the
results produced are somehow “beauty contests” where
the countries ranked play the role of contenders. The
danger of providing “measurement without theory” has
been highlighted long ago (see the classic paper by
Koopmans, 1947). In this influential article, Koopmans
reviewed the seminal bookMeasuring Business Cycle
by Burns and Mitchell (1946)and, while recognizing
the major contribution, it provided to statistical eco-
nomics, he criticised it for not offering adequate theo-
retical background on the human behaviour that leads
to changes in economic activity.

In our view, however, Koopmans partly misunder-
stood the real purpose of the work byBurns and
Mitchell (1946). These authors, in fact, considered their
work as an attempt to provide a new instrument that
could potentially be used to test any theory. Can the
various attempts to measure technological capabilities
reviewed here be compared to an instrument of scien-
t fact,
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vided, the outcome can be meaningful only when there
is an underlying theory that justifies the algorithm. On
the other hand, the selection of the ingredients depends
heavily on the value judgement of the scholars1 as well
as on the availability of the data. Since this paper com-
pares a handful of approaches, what needs clarifying
are the commonalities that justify a comparison.

First of all, a certain consensus emerges on the un-
derstanding of technological capabilities. Although the
literature discussed here is aware that technological ca-
pabilities and production capacity are strictly intercon-
nected, it broadly shares the view that the former is a
stock of knowledge which should be kept conceptually
separated from the latter (seeBell and Pavitt, 1997, pp.
88–90;Lall, 1990). The two phenomena are clearly in-
terdependent since technological capabilities generate
production capacity and vice versa. However, since one
of the main purposes of the economics of technologi-
cal change is to quantify and specify the nature of this
linkage, it is useful and necessary to separate the two
concepts and finding independent measurement tools
for each of them.

Second, the literature here discussed shares the view
that technological capabilities are composed of hetero-
geneous elements, which can be summarised in the fol-
lowing three contrasts: (a) Embodied/Disembodied, (b)
Codified/Tacit, and (c) Generation/Diffusion. To ex-
pand:

(a) Embodied/Disembodied: It is recognized that tech-
ital
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ific research? In some sense, yes, they can. In
he various statistical measures are not devoted t
lore causal connections between technology on
ne hand and economic and social performance o
ther. Some of them (and in particular,WEF, 2001
NIDO, 2002) have taken into account also an in
ator of performance such as competitiveness, bu
urpose here is to investigate the consistency of t
tatistics as faithful measures oftechnological capabil
ties. If valuable, they can be used to test different
ven competing hypothesis.

But in another sense, these attempts do not
hemselves to the production of new statistical sou
ince they share the view that knowledge has a
rogeneous nature, all of them try to account for
eterogeneity by taking into account a battery of
icators, and even by summing them. When any

ndicators are summed, subtracted, multiplied or
nological capabilities are embodied in cap
goods, equipment, infrastructures, and in dis
bodied forms such as human skills and scien
and technical expertise. There is ongoing deba
the relative importance of capital goods and dis
bodied knowledge (see, for example,Scott, 1989
Evangelista, 1999), but there is a shared belief th
both types of capability contribute vitally to t
technological base of a country.

b) Codified/Tacit: Likewise, it should be stressed th
the codified component of knowledge represe

1 It has long ago been recognized that the empirical data and
ics used to study socially sensitive issues such as poverty
quality are strongly dependent upon the value judgements a

deology of the various scholars. See, for example,Atkinson (1970
nd more broadly,Sen (1992). The impossibility of avoiding valu

udgements in social sciences has forcefully been argued byMyrdal
1953).
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by manuals, blueprints, patents, and scientific pub-
lications are as important as the tacit components
associated with learning by doing and by using
(Lundvall and Johnson, 1994). While it is relatively
easy to quantify codified sources of knowledge, it
is much more difficult to find reliable measures of
tacit components: if they were easily quantifiable
and measurable they would no longer be tacit! Yet,
concentrating on the codified knowledge may over-
look fundamental components of the knowledge
used in production. One way of quantitatively cap-
turing these capabilities is by looking at the quali-
fications of the labour force, under the assumption
that better educated employees have a higher learn-
ing potential.

(c) Generation/Diffusion: Last but not least, it has long
been recognized that both the production of knowl-
edge and its diffusion and imitation provide a valu-
able technological resource. Some countries can
be heavy producers of new knowledge but may be
slow to apply it to production, while other countries
may benefit disproportionately from the knowl-
edge generated elsewhere. This implies that tech-
nological capabilities should be measured accord-
ing not only to indicators of the generation of inven-
tions and innovations, but also indicators of their
application and dissemination.

Third, these works share the methodological view
that the various statistics describing the different as-
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each component singled out is attributed by the various
research teams rather than by a statistical technique. In
other words, the scholars take the discretionary deci-
sion to attribute a weight to gold, silver, and bronze
medals. This is a fundamental assumption, which is
very informative about the purpose of these works: it is
to rankcountries rather than mapping theirsimilarities
anddifferences. Even when two indicators are strongly
and positively correlated, they are added up, since it is
assumed that both contribute to the technological ca-
pability of a country. This implies that the indicators
considered should somehow inform different aspects
of technological capabilities.

Fourth, these approaches also share the view that
inter-country comparisons are meaningful, in spite of
the social, cultural, and regional variety encountered
in each of them. The technological capabilities of Cal-
ifornia are substantially different from those of Mon-
tana, and the same can be said for the regions of large
countries such as China and India. However, the anal-
yses surveyed here share the belief that nations are
still a meaningful statistical unit with which to mea-
sure technological capabilities. Of course, these works
are fully aware of the differences inside nations, and of
the existence of significant institutions within nations
that should be considered with their own technologi-
cal profile. Take the case of large multinational corpo-
rations, their technological capabilities are sometimes
more relevant than those of a nation, but none of the
approaches reviewed here take into account units of
a lly
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ects of technological capabilities can be summe
ether. Besides the numerical aspect of summing

erent statistical data, this practice has deeper the
cal implications: it is assumed that the various co
onents of technological capabilities are complem

ary and not substitutes (for a discussion, seeAntonelli,
003, Chapter 4). It is commonly supposed that the
ition of a country is more favourable when its rang
echnological activities is wide and intense. In fac
pproaches, in spite of the methodological differen
dd the various components: to use again the meta
f the Olympic medals table, these works assume
old, silver, and bronze medals obtained by each n
an be summed and that the position of a country
e related to the number of medals won.

But this will still leave open the method of aggre
ion. Another similarity shared by the approaches c
idered here is, in fact, that the relative importanc
nalysis or institutions different from geographica
elimited states.2 Since nations vary considerably

erms of size, all of these attempts have provided m
ures that weights absolute values by the dimensi
ations, either in terms of population or of GDP.
re therefore considering measures ofintensityrather

han ofsize.
Fifth, the attempts reviewed consider both de

ped and developing countries. This places a num
f limitations on the statistical sources that can be u
ince both the data available and their reliability
uch less satisfactory for developing countries. In

he selection of the factors to construct a composit
icator is directly associated with the number of co

2 For a recent attempt to connect national and regional techn
cal capabilities to the activities of multinational corporations,
antwell and Iammarino (2003).
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tries taken into account: the more countries considered,
the more problematic it becomes to find satisfactory
measures. For a restricted group of developed capital-
ist countries (i.e. the OECD countries), there is a high
number of indicators available and high reliability of
data. (For an overview of these indicators, seeOECD
(2003). Relevant international comparisons for these
countries are carried out inNSF (2002)andEuropean
Commission (2003). For a discussion on the nature of
individual indicators, seeSirilli (1997). A comprehen-
sive theoretical analysis is provided inGrupp (1998).)
But the method applied for OECD countries cannot be
used for developing countries for the simple reason that
relevant data are not available; rather, one can choose
indicators that are available for more countries and be
aware that the data are not as satisfactory and as ac-
curate as they are for the OECD countries. Moreover,
the nature of technological change differs at the vari-
ous levels of development (seeBell and Pavitt, 1997).
This implies that the selection of indicators should be
able to differentiate between countries that are at the
top and at the bottom of the scale.

3. The composition of the indexes

We consider five different attempts to measure tech-
nological capabilities: the World Economic Forum
(WEF) Technology Index (WEF, 2001, 2002, 2003;
Furman et al., 2002), the United Nations Develop-
m In-
d
A s
I s-
t
A h-
n or-
p
T EF,
U w
o rld
B op-
m ),
a ers.

3

In-
d

WEF Report contains a wealth of data and sophisti-
cated statistical analyses. Moreover, it is continuously
updated and improved on a yearly basis, the most re-
cent being the Report 2003–2004(WEF, 2003).3 WEF
has introduced two main measures for competitiveness
and economic development, the first devoted to the
medium-term (Growth Competitiveness Index (GCI))
and the second to the short-term (Current Competitive-
ness Index (CCI)). The first index (GCI) is based on a
battery of variables linked to growth grouped in three
components: (1) the level of technology, (2) the quality
of public policies, and (3) the macroeconomic envi-
ronmental conditions. The second index (CCI) consid-
ers variables that concentrate on microeconomic as-
pects, such as the business environment around a firm,
and the strategy and organisation inside a company.
Competitiveness is a largely used and abused concept
in economics (for a review, seeCantwell, 2004). Al-
though there is a general consensus that technology is
an important component of competitiveness at the mi-
cro, sectoral, regional, and national levels, it is clear
that it is not the only component. For this reason, we
concentrate our attention on the component of the GCI
directly linked to technology, the WEF Technology In-
dex. The other aspects considered in the GCI and in the
CCI are certainly valuable, but are beyond the scope of
this paper.

The WEF Technology Index includes three main
categories of technology: (a)innovative capacity(mea-
sured by a combination of: patents granted at USPTO,
t
s rvey
d -
p hted
d
g ced:
2 -
s e of
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t nol-
o r the
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t
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ent Program (UNDP) Technology Achievement
ex (TAI) (UNDP, 2001; Desai et al., 2002), our own
rCo (Archibugi and Coco, 2004), the United Nation

ndustrial Development Organization (UNIDO) Indu
rial Development Scoreboard (UNIDO, 2002; Lall and
lbaladejo, 2001), and finally the Science and Tec
ology Capacity Index developed by the RAND C
oration and associated partners (Wagner et al., 2004).
hroughout this piece, they will be referred as W
NDP, ArCo, UNIDO, and RAND. We also dra
ur attention on the work carried out by the Wo
ank Institute programme “Knowledge and Devel
ent” Knowledge Assessment Methodology (KAM
lthough this is not strictly comparable with the oth

.1. The WEF Technology Index

The first indicator considered is the Technology
ex by the WEF Report 2001–2002 (WEF, 2001). The
ertiary enrolment ratio, and survey data); (b)ICT diffu-
ion(measured by internet, telephone, PCs, and su
ata); and (c)technology transfer(measured by non
rimary exports and survey data). These are weig
ifferently for a set of 75 countries,4 divided into two
roups according to the number of patents produ
1corecountries and 54non-corecountries. WEF con
iders the first two categories as a sufficient sourc
nformation for thecorecountries since it is assum
hat those countries are much less reliant on tech
gy transfer. All three categories are considered fo
on-coregroup, but a lower weight is assigned to

ndicators ofinnovative capacity. The theoretical jus

3 Our statistical analysis refers to theWEF (2001)version becaus
he years covered are closer to the other attempts.
4 In should be noted that the latest version of WEF has enla

he countries considered to 102.
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tification for this asymmetric measurement of technol-
ogy is thatnon-corecountries are supposed to derive
competences from technology use and imitation rather
than production and innovation (for a critical analysis
of this approach, seeLall, 2001b).

It should be noted that, although WEF was produced
by a non-governmental organisation, it is the only index
that it is annually updated, and that, so far, it has also
managed to increase the number of countries covered.

3.2. The UNDP Technology Achievement Index

The second index considered is the Technology
Achievement Index elaborated byDesai et al. (2002),
and reported in the Human Development Report
(UNDP, 2001). The authors consider four dimensions
of technology achievement, each of which is based on
two indicators: (a)creation of technology(based on
patents registered by residents at their national offices
and receipts of royalty and license fees); (b)diffusion
of newest technologies(based on internet hosts and
medium- and high-technology exports); (c)diffusion
of oldest technologies(based on telephone mainlines
and electricity consumption); (d)human skills(based
on years of schooling and tertiary science enrolment).
These indicators are aggregated to define a synthetic
index for a set of 84 countries.

The 2003 and 2004 versions of the Human Develop-
ment Report have discontinued the production of data
of TAI, although data on the eight basic indicators are
r
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namely import technology, based on the assumption
that an important source of technological capabilities
is also represented by the possibility of a country to ac-
cess technology developed elsewhere. This index con-
sidered three other indicators derived fromLall and
Albaladejo (2001), namely inward foreign direct in-
vestment (FDI), technology licensing payments, and
import of capital goods. This was possible for 86 coun-
tries only. This fourth component, imported technology
was given equal weight compared to the others and the
overall index was labelled “Global Technology Index”.
For the 86 countries, for which both the values of ArCo
and of the Global Technology Index are available, the
linear and the rank correlation coefficients where, re-
spectively, 0.990 and 0.995. For this reason, we have
limited our analysis in the remaining sections of this
paper to the ArCo index.

So far, the ArCo database has no periodicity, al-
though we plan to update ArCo and to complete the
time-series. Data are freely available and download-
able athttp://www.danielearchibugi.org.

3.4. Industrial Development Scoreboard UNIDO

The fourth study examined is fromUNIDO (2002),
and is strongly inspired by the work ofLall and
Albaladejo (2001). It collates a wealth of indicators for
87 countries. The components and the drivers of com-
petitive industrial performance are taken into account.
Lall and Albaladejo (2001)consider four categories: (a)
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.3. The Technological Capabilities Index (ArCo)

The third index is our own ArCo Technological C
abilities Index (Archibugi and Coco, 2004). It takes

hree dimensions of technology into account: (a)inno-
ative activity(based on patents registered at US pa
ffice and scientific publications); (b)technology in
rastructure(including old and new ones and based
nternet, telephone mainlines and mobile, and elec
ty consumption); (c)human capital(based on scien
ific tertiary enrolment, years of schooling, and lit
cy rate). We also extend the analysis by exami
62 countries and attempting to provide data for
ifferent periods (1990 and 2000).

In Archibugi and Coco (2004), pp. 646–648, w
lso presented an index with an additional compon
echnological effort(based on patents at the US pa
ffice and enterprise financed R&D); (b)competitive
ndustrial performance(based on manufactured va
dded (MVA), medium- and high-technology shar
VA, manufactured exports, and medium- and hi

echnology share in exports); (c)technology import
based on FDI, foreign royalties payments, and c
al goods); and (d)skillsandinfrastructures(based on
ertiary technical enrolment and telephone mainlin
all and Albaladejo (2001)andUNIDO (2002)create
ome indexes for each of the individual categories c
bove, but do not produce a synthetic indicator tha
regates the various components into a combine
ex. This choice is probably dictated by the sceptic
urrounding the compression of many variables in
ingle aggregate measure (see above), and at the
ime points to the fact that data on the various com
ents can be as useful and informative as an aggr

http://www.danielearchibugi.org/


D. Archibugi, A. Coco / Research Policy 34 (2005) 175–194 181

indicator. However, the lack of a synthetic indicator
prevents statistical comparisons between the UNIDO
report and the other works presented here.

There are no update to theUNIDO (2002)report,
and it is therefore difficult to know if the indexes will
become periodical.

3.5. Science and Technology Capacity Index
(STCI), RAND Corporation

The last study considered here is byWagner et al.
(2004)for the RAND Corporation. For a set of 76 coun-
tries, eight indicators are aggregated and divided into
three categories: (a)enabling factors(based on GDP
and tertiary science enrolment); (b)resources(based on
R&D expenditure, number of institutions and number
of scientists and engineers); (c)embedded knowledge
(based on patents, S&T publications and co-authored
scientific and technical papers). A synthetic index is
created through a standardised formula, with different
outcomes occurring according to the weights assigned
to the three categories.

This work was inspired by previous research car-
ried out at the RAND Corporation (see, in particular,
Wagner et al., 2001). At the moment, there are no plans
to make this index periodical.

3.6. World Bank Institute, Knowledge Assessment
Methodology
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parisons among groups of countries according to geo-
graphical location, income level, human development
level, etc. The exercise, however, does not provide ag-
gregate measures comparable to the other discussed
above and for this reason is not taken into account in
the next sections.

Such a relevant programme, however, leads to some
considerations. KAM shows that a sort of “do-it-
yourself” approach to economic and social indicators
is technically feasible. On the one hand, this has con-
siderably lowered barriers to data access. Policy mak-
ers, analysts, students, and journalists have become
less dependent upon the availability of data and on the
methodological choices of data producers. They could
today choose the variables that fit better their needs and
their preferences̀a la cartefrom a huge menu. On the
other hand, the way in which data are freely available
leaves open the question of the significance of statis-
tics. It becomes more relevant that the various users
of statistical sources make explicit the theoretical as-
sumptions that lead to the use of some indicators (and
to make some comparisons) rather than others.

4. The factors: similarities and differences

A synopsis of the main features of the indexes that
we are dealing with is presented inTable 1, and shows at
a glance that the various approaches contain significant
similarities. In fact, many indicators are identical, sig-
n ongst
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It should also be mentioned that the World Ba
upplies the largest database on development in
ors, including indicators of technological capabiliti
any of the studies cited above rely on original d
roduced by the World Bank, which are constantly
ated, and which are also freely available on the
World Bank, 2003). More recently, Carl Dahlman an
is colleagues have developed, under the auspic

he “Knowledge for Development” programme, a
ailed database,Knowledge Assessment Methodol
World Bank Institute, 2004) that includes also stati
ics produced by other institutions. Overall, the p
ramme contains 76 variables, of which 20 relat

he innovation system, 16 to education and train
nd 13 to information infrastructures. The program
as also made available a new on-line user-friendly

istical tool, which allows comparisons among co
ries for any of the variables listed. It also allows co
alling the achievement of a certain consensus am
cholars on what are the most significant compon
f technological capacity. The discussion below c
iders the strengths and weaknesses of these me
s internationally comparable indicators, and does no
ddress their properties for other comparisons (su

nter-industry or inter-firm comparisons).

.1. Patents

All of the attempts use patent statistics as a soli
icator ofnational innovative capacity(Furman et al.
002). This is also related to the ease of availability
atent data for all countries (in contrast, data on R

s available for a more limited set of countries). Ho
ver, we are also aware of the limitations of patents
urveys on patents as internationally comparable
ators, seePavitt, 1988; Archibugi, 1992). Firstly, the
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Table 1
Attempts to measure technological capabilities: a synopsis

Acronym WEF UNDP ArCo UNIDO RAND

Full name WEF Technology
Index

UNDP Technology
Achievement Index
(TAI)

ArCo Indicator of
Technological
Capabilities

UNIDO Industrial
Development
Scoreboard

Science and
Technology
Capacity Index

Generation of
technology and
innovation

Innovation
sub-index: patents at
USPTO; tertiary
enrolment; survey
data

Technology creation:
national patents;
receipts of royalty
and license fees

Technology creation
sub-index: patents at
USPTO; scientific
articles

Technology effort
index: patents at
USPTO; enterprises
financed R &D

Embedded
knowledge:patents
at USPTO; scientific
articles.Resources:
R&D expenditure

Infrastructure and
technology diffusion

ICT sub-index:
internet, PCs,
telephone, survey
data.Technology
transfer sub-index:
non-primary
exports; survey
question

Diffusion of recent
innovations: internet
hosts; medium- and
high-technology
exports.Diffusion of
old innovations:
telephone; electricity
consumption

Technology
infrastructure
sub-index: internet,
telephone, electricity
consumption

Technology imports:
FDI; foreign royalty
payments; capital
goods.
Infrastructure:
telephone main lines

Resources: number
of institutions.
Embedded
knowledge:
internationally
co-authored papers

Human capital Included in
Innovation
sub-index

Human skills: years
of schooling; tertiary
science enrolment

Human skills
sub-index: scientific
tertiary enrolment;
years of schooling;
literacy rate

Skills: tertiary
technical enrolment

Enabling factors:
tertiary science
enrolment.
Resources: number
of scientists and
engineers

Competitiveness Considered out of
the Technology
Index: public
institutional and
macroeconomic
conditions in the
GCI; firms strategies
and microeconomic
environment in the
CCI

Not explicitly
considered

Not explicitly
considered

Competitive
Industrial
Performance Index:
manufactured value
added; medium- and
high-technology
share in MVA;
manufactured
exports; medium-
and high-technology
share in
manufactured
exports

Enabling factors:
GDP

Years covered 1997–2000a 1995–2000 1987–1990;
1997–2000

1997–1998 1995–2000

Number of countries 75a 72 162 87 76
Connected
indicators or links

Growth
Competitiveness
Index (GCI);
Current
Competitiveness
Index (CCI)

Human
Development Report
other Indexes

None Competitive
Industrial
Performance Index

None

Sources WEF (2001),
Furman et al. (2002)

UNDP (2001), Desai
et al. (2002)

Archibugi and Coco
(2004)

UNIDO (2002), Lall
and Albaladejo
(2001)

Wagner et al. (2004)

a Although our comparison takes into account the data reported in the table, we remind readers that WEF publishes a report every year;
therefore, the years covered and the number of countries are continuously up-dated. The last available WEF Report was made in 2003, covering
1999–2002 and the number of countries was increased to 102.
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quality of patents varies substantially across countries
for legal and economic reasons, namely that the proce-
dures to receive a patent and the protection accorded
to an invention vary significantly across countries. In
order to have an internationally patent-based reliable
indicator, it is preferable to consider the patents reg-
istered by all countries in a specific patent institution.
We are aware that the propensity to patent in a foreign
country varies from nation to nation depending on a
variety of factors that include the intensity of commer-
cial relations, the similarities among the legal systems,
and the linguistic diversity. However, it is assumed that
the most valuable inventions are patented in the most
important countries; in fact WEF, UNIDO, ArCo, and
RAND all use patents granted at the US Patent Trade-
mark Office (USPTO). We believe that this is the best
patent institution to take into account since the USA
market is the largest and most technologically devel-
oped in the world (although the European Patent Office,
a quarter of a century after its inauguration, is becom-
ing a more frequently reliable and employed statisti-
cal source). However, the number of patents granted to
American citizens and firms should be adjusted given
that they are registering inventions in their home mar-
ket, while all other citizens and firms patent in a foreign
institution. This adjustment is carried out in ArCo, but
not in the WEF, UNIDO, and RAND attempts. For this
reason, we believe that these attempts over-estimate the
technological performance of the US economy.

UNDP takes into account the patents registered by
i do
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(enterprise-financed R&D) and RAND (total R&D ex-
penditure). This is a very relevant indicator, which is
easily comparable over time and across countries since
it is measured in monetary values. Moreover, R&D
intensities can be compared across countries by tak-
ing into account the R&D/GDP ratio; since both the
nominator and the denominator are expressed in na-
tional currencies, there is no need for exchange rate
adjustments. R&D also provides information on public
investment for the generation of knowledge. Unfortu-
nately, as this indicator is available for a restricted num-
ber of countries (UNIDO considers 87 nations, RAND
considers 76) it is not possible to use it in ArCo as
this would imply a reduction of half of the countries
considered.

4.3. Scientific publications

Another way to take into account the role of aca-
demic institutions is to use the number of scientific
publications. This can be considered as an output in-
dicator, which is closely associated to the public R&D
expenditure input. The limitations of this indicator are
similar to those for patents in that quality and sec-
toral distribution varies from country to country. More-
over, English-speaking nations are likely to be over-
represented, since the vast majority of the journals
monitored by the Institute for Scientific Information
are in English. The advantage is that, as for US and
EPO patents, the data are collected homogeneously
f tific
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nventors and firms at their national offices. We
ot consider this source of information reliable d

o the substantial institutional differences present
ween national legislations. For example, accordin
NDP, Japan and South Korea emerge as leading c

ries in terms of “technology creation”, due to the v
igh number of patents registered by domestic in

ors. However, this is due in some degree to the
hat the legislation of these two countries does no
ow two or more priorities to be grouped together in
ame patent application; Japanese and South K
nventors, must therefore complete a separate p
pplication for each claim.

.2. R&D resources

Another source of technology generation
&D expenditure, which is considered by UNID
or all countries and from reliable sources. Scien
ublications are used in ArCo as one of the two m
ures of technology creation. They are used als
AND, in addition to two other measures of prod

ion of knowledge, R&D and patents. RAND also u
co-authorship index as a source of information on

nternational integration of countries’ academia.

.4. Royalties and license fees

Both UNDP and UNIDO include data on royalt
nd license fees. While UNDP uses the “receipts” a

ndicator of thecreationof technology, UNIDO use
ayments as an indicator of theacquisitionof tech-
ology. In principle, the data are a reliable indica
f both creation and acquisition of technology. Ho
ver, they are too often biased by financial transac
arried out amongst different branches of the same
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poration, and for this reason, we do not take them into
account for ArCo.

4.5. Infrastructures

In terms of infrastructures and diffusion of technolo-
gies, there is a certain convergence amongst the various
approaches. This is especially true for the indicators
related to ICT, the sector most closely associated with
the concept of a “new economy”. Four approaches (all
but RAND) include telephone lines; three approaches
(WEF, UNDP, and ArCo) include internet; two (UNDP
and ArCo) include electricity consumption; and WEF
comprises PCs as well. RAND uses none of these mea-
sures, although an original indicator of technology in-
frastructures through the number of research institu-
tions of each country is presented.

4.6. Trade indicators

Data on international trade are highly accurate and
can easily be disaggregated according to the technolog-
ical intensity of the various product groups. Three of
the approaches use trade-based indicators. WEF con-
siders non-primary exports fornon-coreeconomies as a
source of active “technology transfer”. UNDP includes
medium- and high-technology exports as diffusion of
recent innovations. UNIDO, which considers manu-
factured exports per capita and the share of medium-
and high-technology exports on total exports as a com-
p in-
d tion.
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4.7. Human resources

All teams take into account statistics of human re-
sources; this is unsurprising given that human capital
is one of the most important drivers of the growth of
a nation. ArCo and UNDP consider human skills as a
separate category on the ground of, three and two indi-
cators, respectively. UNIDO and WEF use one measure
only (tertiary enrolment), although we are not comfort-
able with the fact that WEF includes it in the category
of “innovative activity”. RAND makes use of two mea-
sures of education: tertiary science enrolment and the
number of scientists and engineers, which are included
in the categories “enabling factors” and “resources”, re-
spectively. All of the five works contain tertiary scien-
tific education, and UNDP and ArCo also consider the
mean years of schooling. ArCo introduces an additional
indicator, literacy rate, particularly helpful when dis-
criminating among the poorest countries. Since ArCo
includes a larger number of countries, many of which
have very low technological capabilities, literacy rate
helps to highlight differences at the bottom of the
scale.

4.8. Economic indicators

Although it is beyond the scope of this article, WEF
and UNIDO pay particular attention to other economic
indicators (especially that of competitiveness) although
their approaches differ substantially (for a compari-
s -
n stry,
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ex, provide the widest use of trade-based informa
AND and our ArCo do not use any trade-based i
ator. The reason for the exclusion from ArCo is
ll other indicators taken into account are weighted

he size of the economy (in terms of population). Tr
s strongly associated with the size of the econo
nd small countries are more open to trade than la
nes. We have not been able to generate an index

o simultaneously control the size of the economy,
alance between exports and imports, and the co
ition of trade between high, medium, and low te
ology. Besides this statistical problem, we were
ncertain about how to interpret the data; for exam
strong component of high-technology import rep

ents an important way of acquiring technology wh
ight help to upgrade the national capabilities, yet
lso signal dependence on foreign sources.
on, seeLall, 2001b). While UNIDO links competitive
ess to the performance of the manufacturing indu
EF utilises a large set of microeconomic and mac

onomic environmental variables including meas
bout the level of national public institutions. W
nd UNIDO associate competitiveness with tech

ogical innovation, and both studies allow separa
f the indicators of competitiveness from those in
ators that are strictly technological. ArCo and UN
o not take any specific indicator of competitiven

nto account since they concentrate on narrowly defi
echnological capabilities. However, prospective in
ators such as UNDP and ArCo can be easily use
conometrically explore the interplay between com

tiveness and technology, given that the measures o
atter do not include any measure of the former. RA
lso uses GDP as an indicator, under the heading
bling factors”. We find this choice questionable; w
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GDP does not necessarily include technological com-
ponents, it is also more difficult to compare their index
with GDP and other GDP-based indicators (such as,
for example, GDP growth).

4.9. The use of survey data

WEF also makes extensive use of survey data
in addition to quantitative information. WEF con-
ducts global opinion surveys (4600 respondents chosen
among executives) in order to gather information on the
technological capabilities and the competitiveness of
each country. The information attained is aggregated
to hard data using sophisticated statistical methodol-
ogy. However, survey data may produce doubtful re-
sults and the method of aggregation with hard data is
questionable (Lall, 2001b).

5. Statistical approaches

After the examination of the factors incorporated in
the five attempts, we now compare the statistical ap-
proaches to aggregation. We focus on four attempts:
WEF, UNDP, ArCo, and RAND (UNIDO is excluded
since it has not generated a synthetic index, see above).
The methodology of aggregating the sub-indexes in a
final indicator is rather similar and consists of simple or
weighted means of the various components. As already
argued, none of these attempts have tried to weigh and
c tatis-
t ent
a cid-
i nt of
t dif-
f y to
c xes,
a nal
i

m-
m es.
T ub-
i hile
e f two
i utes
1 ult
o ach
c sim-

ple mean of the indicators belonging to each category
(two indicators for the creation of technology category,
three indicators for each of the other two). Therefore,
UNDP and ArCo attribute the same importance to the
sub-indexes composing the final indicator.

RAND offers different combinations of weights for
the three sub-indexes analysed. The ranking considered
here weights 1/2 the resources category and 1/4 of the
other two categories (enabling factors and embedded
knowledge). Inside each category, each component is
given the same weight. The authors also suggest three
other weighting schemes.

The WEF Technology Index differently weights
the various components by splitting the sample be-
tweencore andnon-corecountries. For the group of
the core countries, the Technology Index is obtained
as a simple mean of two sub-indexes: innovation sub-
index and ICT sub-index (therefore, they contribute 1/2
each). For thenon-coreeconomies, a third sub-index-
technology transfer is introduced. Consequently, the
relative weights change: while ICT continues to con-
tribute 1/2, the innovation sub-index contributes only
1/8, and the other 3/8 is contributed by the technology
transfer index. The use of survey data by WEF also has
implications for the statistical methodology. For each
of the three sub-indexes, the soft data from the quali-
tative assessment is added to the hard data through a
system of score conversion. This methodology presents
some weaknesses: the division betweencoreandnon-
corecountries, the reliability of opinion surveys, and
t e all
q
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ombine the various components by means of a s
ical technique such as factor or principal compon
nalysis: each team has taken responsibility for de

ng what the relative importance of each compone
echnological capabilities is. However, significant
erences lie on the weighting systems used initiall
ombine the single variables within the sub-inde
nd then to combine the sub-indexes within the fi

ndicator.
The UNDP and the ArCo Indexes maintain a sy

etric structure in the weighting of the sub-index
he UNDP computes the simple mean of the four s

ndexes (one for each category of technology), w
ach sub-index is calculated as a simple mean o

ndicators. Consequently, each component contrib
/8 to the total value of the index. ArCo is the res
f the simple mean of three sub-indexes (one for e
ategory of technology) and each sub-index is the
he method of aggregating hard and soft data ar
uestionable.

. Comparing the ranking

We now move on to check the consistency of
esults. We are dealing with typical ordinal (not c
inal) values. The method of construction of the
exes only allows comparison between the ranki
nd not the absolute values. The first issue is to c
ow similar the rankings of countries are for the v
us studies; for this purpose, a rank correlation (Sp
an index) is employed. The second issue is to i

ify how the position of individual countries chang
etween the use of one index and another. In spi

he methodological differences, do the four approa
ead to similar results? If the results are broadly sim
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it is less relevant to examine further the nature of dis-
similar methodologies. If, however, the results are sub-
stantially divergent, further work is needed. As shown
above each team has considered a different group of
countries. We must therefore consider the countries in-
cluded in all of the approaches in order to make compar-
isons. Only 49 countries are included in all of the four
works.

Table 2shows the rankings provided by the four
indexes (columns 1–4). Columns 5 and 6 display the
rank mean and the standard deviation. The latter statis-
tic signals the main divergences at the country level.
We note a significant divergence of the four indexes re-
garding the position of Israel. In our ranking, it is 3rd;
but it ranks 7th for RAND, 21st according to WEF,
and 18th according to UNDP. This divergent pattern is
due to the high number of Israeli patents granted at the
US Patent Office, and to the substantial number of sci-
entific articles published (this last indicator not being
considered by the latter two works). WEF Technology
Index diverges heavily from the other three concerning
Japan, which gets a much lower ranking (19th) com-
pared to UNDP (4th), ArCo (7th), and RAND (5th).
This is due to the opinion survey data employed by
WEF, which is strongly influenced by short-term fac-
tors rather than by structural characteristics. Notice-
able differences also emerge for South Korea, Singa-
pore, Hong Kong, and Malaysia. This suggests that it is
easier to gather diverging results when measuring the
catching-up and fast growing Asiatic countries, rather
t liable
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Table 2
Rank correlation among WEF, UNDP, ArCo, and RAND for the
common 47 countries

1 2 3 4 5 6

WEF UNDP ArCo RAND Rank
mean

Standard
deviation

US 1 2 4 1 2.0 1.41
Finland 3 1 2 4 2.5 1.29
Sweden 5 3 1 3 3.0 1.63
Canada 2 9 5 2 4.5 3.32
Australia 4 10 8 8 7.5 2.52
Norway 6 12 6 10 8.5 3.00
Japan 19 4 7 5 8.8 6.95
UK 8 7 11 9 88 1.71
Netherlands 11 6 9 12 9.5 2.65
Germany 12 11 10 6 9.8 2.63
South Korea 7 5 15 16 10.8 5.56
Israel 21 18 3 7 12.3 8.62
Belgium 10 14 13 13 12.5 1.73
New Zealand 9 15 12 17 13.3 3.50
Singapore 15 8 17 15 13.8 3.95
Austria 13 16 14 14 14.3 1.26
France 14 17 16 11 14.5 2.65
Ireland 23 13 18 18 18.0 4.08
Spain 22 19 20 21 20.5 1.29
Czech Republic 16 21 24 23 21.0 3.56
Italy 26 20 19 20 21.3 3.20
Slovenia 25 23 21 19 22.0 2.58
Hungary 17 22 25 26 22.5 4.04
Slovakia 24 24 23 25 24.0 0.82
Portugal 20 26 27 24 24.3 3.10
Greece 30 25 22 22 24.8 3.77
Poland 28 28 26 27 27.3 0.96
Malaysia 18 29 33 38 29.5 8.50
Bulgaria 38 27 28 28 30.3 5.19
Argentina 36 31 29 29 31.3 3.30
Chile 33 34 30 30 31.8 2.06
Costa Rica 27 33 34 34 32.0 3.37
Romania 35 32 31 31 32.3 1.89
Mexico 29 30 35 36 32.5 3.51
South Africa 34 35 32 32 33.3 1.50
Thailand 31 36 37 41 36.3 4.11
Brazil 37 37 38 35 36.8 1.26
Philippines 32 38 39 42 37.8 4.19
China 39 39 41 33 38.0 3.46
Peru 42 41 36 40 39.8 2.63
Bolivia 45 40 42 39 41.5 2.65
Ecuador 46 42 40 44 43.0 2.58
Egypt 43 43 44 43 43.3 0.50
India 44 46 47 37 43.5 4.51
Sri Lanka 40 45 43 47 43.8 2.99
Indonesia 41 44 45 46 44.0 2.16
Nicaragua 47 47 46 45 46.3 0.96

Sources: WEF (2001), UNDP (2001), Archibugi and Coco (2004),
andWagner et al. (2004).
han Western economies whose data are more re
nd performance more predictable.

Table 3shows the co-graduation matrix among
7 countries reported in the four studies. Despite
ignificant differences in the position of some in
idual countries, there is a high correlation betw
ach pair of indexes. The highest correlation co
ients are found between ArCo and RAND (0.97)
o use of common indicators and between ArCo
NDP (0.96), which share the same methodology
ome infrastructure and human skills indicators. O
ll, ArCo and UNDP are the indexes with most corr

ion in the group. The WEF is the index with the low
orrelation with the others. The minimum correlat
s found between WEF and RAND (0.88).

Table 4 shows the correlations among the ra
ngs for the countries available for each cou
f Indexes. This allows consideration of 75 co
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Table 3
Correlation matrix among WEF, UNDP, ArCo, and RAND indexes:
47 countriesa

WEF UNDP ArCo RAND Mean

WEF 1.00 0.93 0.90 0.88 0.91
UNDP 0.93 1.00 0.96 0.95 0.95
ArCo 0.90 0.96 1.00 0.97 0.95
RAND 0.88 0.95 0.97 1.00 0.94

Sources: As for Table 2.
a The countries considered are the 47 ones reported inTable 2and

Spearman correlation coefficient.

tries for ArCo–WEF, 72 for ArCo–UNDP, 76 for
ArCo–RAND, 58 countries for WEF–UNDP as well
as for WEF–RAND, and 53 for RAND–UNDP. The
results do not change substantially: ArCo–UNDP
becomes the highest correlated couple instead of
ArCo–RAND (0.98 versus 0.96), while the other hier-
archies remain the same. WEF and (to a lesser extent)
RAND produce the most divergent rankings.

We finally try to compare the results for two re-
stricted sub-samples of nations (Table 5). The first sub-
sample includes the first 23 countries, jointly consid-
ered theleadersfrom each of the studies reported while

Table 4
Rank correlation among WEF, UNDP, ArCo and RAND indexes for
the countries common to every couple of indexesa

WEF UNDP ArCo RAND Mean

WEF 1.00 0.93 0.88 0.85 0.89
UNDP 0.93 1.00 0.98 0.95 0.95
ArCo 0.88 0.98 1.00 0.96 0.94
RAND 0.85 0.95 0.96 1.00 0.92

Sources: As for Table 2.
a Number of countries considered: 58 for WEF–UNDP; 72 for

WEF–ArCo; 58 for WEF–RAND; 76 for UNDP–ArCo; 53 for
UNDP–RAND; and 76 for Arco–RAND and Spearman correlation
coefficient.

the second one the 24latecomercountries. The pur-
pose for attempting linear correlation coefficients also
for sub-groups of countries is to test if the overall high-
correlation coefficients reported inTables 3 and 4are
just an artefact due to high polarization of the values
among the countries at the top and at the bottom of the
league. But the results do not change substantially. As
expected, the correlation values are slightly lower due
to the sample restriction, although all values continue
to be rather high (above 0.60). Among the leaders, the
highest covariance is found between ArCo and RAND,
and the lowest between WEF and RAND. Among
the latecomers, the higher correlation is between
ArCo and UNDP, and the lowest between WEF and
RAND.

7. Discussion

Indicators of technological capabilities are increas-
ingly needed to understand how and why countries dif-
fer. A satisfactory quantification of current levels of
technological capacity is required in order to under-
stand why some countries innovate and have a more
satisfactory performance than others. Even very aggre-
gate indicators, such as those reviewed in this article,
help to highlight the differences across countries and to
identify their strengths and weaknesses. From an ana-
lytical viewpoint, it is increasingly recognised that it is
feasible and useful to develop measures of technology
t here
s rag-
i s on
t , the
t han
m ses,
t sta-

Table 5
Rank correlation among WEF, UNDP, ArCo, and RAND technology in

First 23 countries (leaders)

Mean n

W 0.69 .72
U 0.72 .88
A 0.78 .85
R 0.78 .78

S
correla
WEF UNDP ArCo RAND

EF 1.00 0.70 0.69 0.68
NDP 0.70 1.00 0.73 0.75
rCo 0.69 0.73 1.00 0.92
AND 0.68 0.75 0.92 1.00

ources: As for Table 2.
a For the list of countries considered, seeTable 2and Spearman
hat combine different data. The attempts reviewed
hare many similarities, and this is certainly encou
ng. These similarities reflect a certain consensu
he nature of technology, although in some cases
heoretical hypotheses were kept implicit rather t
ade explicit. We are also aware that in many ca

he choices have been dictated by availability of the

dexes for two sub-samplesa

Last 24 countries (latecomers)

WEF UNDP ArCo RAND Mea

1.00 0.83 0.74 0.60 0
0.83 1.00 0.94 0.85 0
0.74 0.94 1.00 0.87 0
0.60 0.85 0.87 1.00 0

tion coefficient.
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tistical sources rather than by theoretical preferences.
For example, we are confident that all the authors would
have been happy to include data on R&D and on the
stock of machinery and equipment; unfortunately, these
measures are either not available or are available for a
smaller number of countries only. We are also aware
that a synthetic index inevitably incorporates a certain
level of randomness. In fact, the indexes differ concern-
ing the choice of the various technological dimensions
(technology creation, diffusion, infrastructure, human
skills), even if some common ‘keystones’ are main-
tained: the use of patents as an indicator of technology
creation, the recurrence of ICT indicators for techno-
logical infrastructure and diffusion, and tertiary edu-
cation in science and engineering as an indicator of
human skills.

We also showed that the results are too frequently
divergent. There is clearly a strong similarity in the
rank correlations, but a similar position of countries
would emerge even if taking entirely different social
indicators into account (e.g. health indicators). Greater
similarity in results should be achieved in order to make
them more reliable.

This leads to the need to increase the efforts, and
also the coordination, amongst the different attempts.
Sources of data have increased, and new information
technologies make data available in real time and in
friendly formats. All the attempts reviewed here are
fully transparent about the data sources and the method-
ology employed. We do not expect, and nor it is desir-
a gical
c te a
b y the
v ects
o their
c rent
a from
c ata,
a pur-
s that
n no-
t ba-
s far
t t of
t d
D f the
W and
h n-

der increased coordination among the works reviewed
here.5

Although the comparison here made is limited to
synthetic indicators, we wish to emphasize the impor-
tance of more detailed and disaggregated data. Our at-
tempt to test the consistency of the various measures
has been carried out for a single “number”, but this
is meant as a first step towards a more comprehen-
sive assessment of national technological capabilities.
We are aware that the various “ingredients” of techno-
logical capability can be as relevant as the final mea-
sure. As already stressed above, two relevant exercises,
UNIDO and KEM, have not bothered to generate a
synthetic indicator and have concentrated their atten-
tions on the various components. None of the works
reviewed here underestimate the importance of the var-
ious components. When these measures are used to
assess the impact of technological capabilities on eco-
nomic and social indicators, we strongly recommend
taking into account also the individual indicators and
the sub-indexes. Indeed, we expect that each compo-
nent will play a different role in each country, also on
the ground of its overall development stage. And there
is no shortage of statistical techniques, which allow
singling out the relevance of each component of tech-
nological capabilities.

Moreover, we also point to the importance of look-
ing at the sectoral compositions of certain indicators.
Data on trade, patents, and bibliometrics are available
at a highly disaggregated level and can inform about the
c d in
e ted
w has
s d to
d ting
a ing
r

ysis:
t o so,
w ries
a gi-
c s are
e es
( as
m

bod-
i

ble, to generate a unique measure of technolo
apabilities: methodological variety helps to crea
etter understanding of social phenomena. Clearl
arious teams are interested in slightly different asp
f technological change, and this has emerged in
hoices as well as in their results. But even diffe
nd competing approaches can take advantage
oordination on the elaboration of the original d
nd we encourage international organizations to
ue this goal. In fact, it is somewhat surprising
one of the approaches discussed here, with the

able exception of WEF, is established on a firm
is or periodically updated. The only database so
hat is periodically updated and maintained is tha
he World Bank (2003). The recent “Knowledge an
evelopment” programme under the auspices o
orld Bank represents a milestone in the field,

opefully it will be able to continue to lead the way u
ontent of the technological capabilities develope
ach country. Not all fields are likely to be associa
ith a similar performance, and past experience
hown that newly industrialized countries manage
evelop their technological capabilities also selec
specialization in fields and industries of increas

eturns and market shares.
We have also concentrated on a level of anal

he country. Although there are good reasons to d
e are aware that, in a globalising world, count
re not the only meaningful entity to study technolo
al change. Regions and multinational corporation
qually importantloci for technological competenc
Cantwell and Iammarino, 2003) and can be taken
eaningful statistical units.

5 In fact, three of the attempts reviewed here derive from UN
es: UNDP, UNIDO, and World Bank.
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In the early XVII century, when the Italian penin-
sula was leading scientific investigation, our compa-
triot Paolo Sarpi discussed the differences between the
deductive and the inductive approaches to scientific in-
vestigation:

“There are four ways to philosophise: the first is
through reasoning alone, the second directly from ex-
perience, the third by beginning with reason before
moving to the evidence of the sense, and the fourth by
starting from experience and finishing with reason. The
first is bad, because you know what you are looking for,
but not what it really is; the third is quite bad, because
many times it obtains what we would like to know, and
not what it is in reality; the second is true, but primitive,
and it allows one to know very little, and more of what
it is than its course; the fourth is the best which in this
poor life we can reach” (Sarpi, 1605; p.14).

His views are certainly more widely shared today
than four centuries ago, but it is not always easy to put
into practice the scientific method he recommended.
The works discussed in this paper are empirical in na-
ture, but the very attempt they make to aggregate vari-
ous components into a single measure relies upon theo-
retical hypotheses. Hopefully, this is just the beginning
of the story since there is no statistical index that can

Appendix A

Annexure. Structure of the technological indexes

A al indic
s)

W grante
per ca

techni
ent rati
data (1

t hosts
er capi

ne ma
bile pe

r capita

data (1

prospered and improved without being used for ana-
lytical or policy purposes. These measures have been
developed because there is an underlying assumption
that technology is a crucial explanatory variable for
aspects as different as growth rates, productivity, com-
petitiveness, job creation, and well being (Juma et al.,
2001). We hope that the new wealth of data will be used
to gain a better understanding of the complex relation-
ships between technology, development, and welfare. It
would be highly advantageous if the current flourishing
debate on technology and the wealth of nations were
to be increasingly accompanied by empirical observa-
tions and not just by theoretical assumptions (Leontief,
1971).
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Appendix A (Continued)

Authors Synthetic index Sub-indexes
(weights)

Individual indicators
(weights)

Sources Formula to compare
individual indicators

Years and
countries

Technology Index
for non-core
countries (no. 54)

Innovation
(1/8)

Patents granted at
USPTO per capita
(3/8)

USPTO
(2001)

Tertiary technical
enrolment ratio (3/8)

UNESCO
(2001)

Survey data (1/4) WEF (2001)

ICT (1/2) Internet hosts and
users per capita
(4/15)

World Bank
(2001)

Telephone mainlines
and mobile per capita
(4/15)

World Bank
(2001)

PCs per capita (2/15) World Bank
(2001)

Survey data (1/3) WEF (2001)

Technology
transfer (3/8)

Residual of
non-primary exports
on GDP (1/2)

UN (2000),
Statistics
Canada (1998)

Survey data (1/2) WEF (2001)

UNDP (2001),
Desai et al.
(2002)

Technology
Achievement
Index (TAI)

Technology
creation (1/4)

National granted
patents per capita
(1/2)

WIPO (2001) (Observed
value− minimum
value)/(maximum
value− minimum
value); index range:
[0,1]

1995–2000;
72 Countries

Royalties receipts
and license fees per
capita (1/2)

World Bank
(2001)

Diffusion of
new
innovations
(1/4)

Internet hosts per
capita (1/2)

ITU (2001)

Medium- and
high-technology
exports share in total
exports (1/2)

UN (2001),
Lall (2001a)

Diffusion of
old
innovations
(1/4)

Telephone mainlines
and mobile per capita
(1/2)

ITU (2001)

Electricity
consumption per
capita (1/2)

World Bank
(2001)

Human skills
(1/4)

Mean years of
schooling over
14 (1/2)

Barro and Lee
(2001)

Tertiary science,
math, and
engineering
enrolment ratio (1/2)

UNESCO
(1998–2001)
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Appendix A (Continued)
Authors Synthetic index Sub-indexes

(weights)
Individual indicators
(weights)

Sources Formula to compare
individual indicators

Years and
countries

Archibugi and
Coco (2004)

Indicator of
technological
capabilities
(ArCo)

Technology
creation (1/3)

Patents granted at
USPTO per capita
(1/2)

USPTO
(2002)

(Observed
value− minimum
value)/(maximum
value− minimum
value); index range:
[0,1]

1987–1990;
1997–2000;
162 countries

S&T publications per
capita (1/2)

NSF (2000,
2002)

Technology
infrastructure
(1/3)

Internet users per
capita (1/3)

ITU (2001)

Telephone mainlines
and mobile per capita
(1/3)

ITU (2001)

Electricity
consumption kWh
per capita (1/3)

World Bank
(2001)

Human skills
(1/3)

Tertiary science &
engineering
enrolment ratio (1/3)

UNESCO
(2002)

Mean years of
schooling over
14 (1/3)

Barro and Lee
(2001)

Literacy rate (1/3) UNDP (2001)

UNIDO (2002),
Lall and
Albaladejo
(2001)

None Technological
effort

Patents granted at
USPTO per capita
(1/2)

USPTO
(2002)

(Observed
value− minimum
value)/(maximum
value− minimum
value); index range:
[0,1]

1997–1998;
72 countries

Enterprise financed
R&D per capita (1/2)

UNESCO
(1994, 1998);
OECD (1999)

Competitive
industrial
performance

Manufactured value
added per capita (1/4)

UNIDO
database

Medium- and
high-technology
share in
manufactured value
added (1/4)

UNIDO
database

Manufactured
exports per capita
(1/4)

UN Comtrade
database
(2001)

Medium- and
high-technology
share in
manufactured exports
(1/4)

UN Comtrade
database
(2001)

Technology
imports

FDI per capita (1/3) UNCTAD
(1999), World
Bank (2000)
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Appendix A (Continued)
Authors Synthetic index Sub-indexes

(weights)
Individual indicators
(weights)

Sources Formula to compare
individual indicators

Years and
countries

Foreign royalties
payments per capita
(1/3)

World Bank
(2000), IMF
(1999)

Capital goods per
capita (1/3)

UN Comtrade
database
(2001)

Skills Tertiary technical
enrolment ratio

UNESCO
(1998)

Infrastructure Telephone mainlines
per capita

World Bank
(2001)

Wagner et al.
(2003) RAND
Corporation

Science and
Technology
Capacity Index
(STCI)

Enabling
factors (1/4)

GDP per capita (1/2) UNDP (2003) (Observed
value− mean
value)/(standard
deviation); index
range: [−∞, +∞]

1995–2000;
76 countries

Tertiary science
enrolment ratio (1/2)

UNDP (2003)

Resources
(1/2)

R&D expenditure on
GDP (1/3)

UNDP (2003)

Number of
institutions per capita
(1/3)

UNDP (2003)

Scientists and
engineers per capita
(1/3)

UNDP (2003)

Embedded
knowledge
(1/4)

Patents granted at
USPTO per capita
(1/3)

USPTO
(2002)

S&T publications per
capita (1/3)

NSF (2000)

Co-authored
scientific articles
(1/3)

NSF (2000)

a WEF publishes a report every year; therefore, the covered years and the number of countries are continuously up-dated. In the last available
one (2003), the last year considered is 2003 and the number of countries has been increased to 102.
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