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1. Introduction

Is there an inbuilt tendency for productivity amdame across the globe to converge? If we
look at capitalist development in a long run pecsipe the answer is clear. The long run
trend since the so-called industrial revolution hasn towards divergence, not convergence
in productivity and income. For instance, accordimgconomic historian David Landes, 250
years ago the difference in income or productipéy head between the richest and poorest
country in the world was approximately 5:1, whilena recently this difference has increased
to 400:1 (Landes 1998). However, in spite of tlisgl run trend towards divergence, there
are many examples of (initially) backward counttiest — at different times — have managed
to narrow the gap in productivity between themsslaed the frontier countries, in other
words, to “catch up”. The current frontier courtryhe United States — was itself once on a
catch-up path vis-a-vis the then economically amchmologically leading country of the
time, the United Kingdom. Japan in the decadesrbediod after the Second World War is
another well-known example and the so-called “Adiiggers” from the 1960s onwards.
China and India are examples of countries that meaye joined this path more recently
(although they still have a long way to go).

The question that suggests itself is how this @dmerin patterns of development can be
explained. Why do some countries succeed in cajchp while others fall behind? Is it
related to the development of “capabilities” ofypd that other countries fail to create? In
fact, this is one of the oldest and most contragkissues in economics. It can be traced back
at least a few hundred years, when politicians madadstrialists in countries such as the
United States and Germany started to debate wpas tyf capabilities and policies that were
needed in order to catch up with the then worldléeathe United Kingdom (see Chang
2002).

In section 2 we start the search for what thesearifactors for catch-up may be. We do this
by reviewing some of the main arguments that hasenbpresented in the literature and
discussing what empirical measures these give @y give) rise to. Traditionally, much
theorizing in this area focused on the role of wdpaccumulation for growth and
development. Gradually this has given way to aenamstitutionalist” view, focusing on
how to get the institutional conditions for well-ang markets, including the capital market,
right. More recently we have seen development ofmare “knowledge based” approach,
according to which catching up (or lack of such)peleds not so much on capital
accumulation as the abilities of a country to aeatd exploit knowledge (and respond to
challenges arising in connection with this). Thegumally leads to a focus on what influences
the capacity of a country for creating and exphgitknowledge, including relevant policy
aspects, and concepts such as “social capabilitg™absorptive capacity” have emerged as
important focusing devices within this approach.
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Having considered the various arguments and thereapmeasures they give rise to we
start in section 3 on the synthesis work. In regesars the quality and availability of data on
different aspects of development have improved,aaled this might give researchers a new
opportunity for investigating the reasons behing tlarge differences in economic
performance in more depth. Rather than pickingviddal indicators we follow Adelman
and Morris (1965, 1967) and Temple and Johnson 8199 mapping the most central
elements with the help of factor analysis, takimig iaccount a variety of different indicators
and sources. Factor analysis is a useful tool enptesent context because it allows us to
reduce the complexity entailed by a large numbaetiféérent (but often mutually correlated)
indicators into a smaller number of synthetic disiens. The analysis clearly illustrates the
multidimensional character of “capabilities”, regug in four different dimensions, which we
label “innovation system”, “governance”, “politicalystem” and “openness”, respectively.
We examine the relationships with economic develamnand analyse to what extent these
capabilities may help us understand why some cmsnrxcel economically, while other
countries continue to be poor.

2. What are the most critical factors for developmet? Taking stock of the literature.
Intuitively, most people easily accept the idea #rowledge and economic development is
intimately related, and hence that access to krag@eshould be regarded as a vital factor.
However, this is not the way different levels ofvdlepment used to be explained by
economists. From the birth of the so-called “cleaispolitical economy” — a term invented
by Karl Marx - two centuries ago, what economisasenfocused on when trying to explain
differences in income or productivity is accumuthteapital per worker. Similarly,
differences in economic growth have been seen #Hsctiag different rates of capital
accumulation. This perspective arguably reflectse timportant role played by
“mechanization” as a mean for productivity advamiceing the so-called (first) industrial
revolution, the period during which the frame dierence for much economic reasoning was
formed. Closer to our own age Robert Solow adoptesl perspective in his so-called
“neoclassical growth theory” (Solow 1956). The the@redicted that, under otherwise
similar circumstances, investments in poor coust(eg. those with little capital) would be
more profitable than in the richer ones, so thatfdtrmer would be characterized by higher
investment and faster economic growth than therda#s a consequence of this logic, a
narrowing of the development gap (so-called “cogeece”) should be expected.

It soon became clear, however, that this couldbeotthe whole story. When students of
economic growth started to apply this perspectiviohg run growth processes in the United
States and elsewhere, they found that capital agladion, or factor accumulation more
generally, could only explain a relatively smalbsh of actual growth (Abramovitz 1956).
This finding has since been repeated many timediffarent data setsMoreover, as pointed
out above, the prediction that global capitalishayics would be accompanied by a
convergence in income and productivity betweenailiyt poor and rich countries was not
borne out of the facts either.

From capital accumulation to institutions and geaghy

It should be emphasized, however, that Solow’s thems based on standard neoclassical
assumptions on how markets and agents performjwhight not fit very well in developing
countries. Hence, one possible explanation fofdhere of many countries to catch up could

3 See Fagerberg (2004) for an overview and disocnsand Easterly and Levine (2001) for recent exideon
the subject.



be that markets did not work properly, agents did receive the right incentives, the
government interfered too much in the economy @tcshort; that “the rules of the game”
were not adhered to. Following the terminology ulsgdouglas North (1981) such rules are
customary called institutions. But in common packa@as well as in some scholarly work, the
concept institution is also used in a broader setasenclude not only rules and norms but
also organizations and other types of collaborasiggvities that may influence individual

behaviour.

Taking issue with the role of institutions for gribmand development Glaeser et al. (2004)
argue that institutions in the narrow sense ofténm (rules, norms) should be expected to be
relatively stable over time. This follows from tkieew that such rules and norms are deeply
embedded into society and, hence, change slowtyweder, the authors point out that many
commonly used indicators of “institutions” are faom stable. Hence, they conclude that
such indicators in many cases do not reflect “ingtins” in the above sense, but rather
political choices and policies pursued by governtsiewhich may be assumed to be subject
to more frequent changes than historically givdeswand norms. They also show that if the
analysis is restricted to indicators of institugan the narrow sense (reflecting constitution or
judicial system) and their relationship with levelsd growth of GDP, the correlations are
rather weak, in contrast to what can be shown tl Hor the more broadly defined
“institutional variables” (which Glaeser et al. sas reflecting political choices). Thus,
institutions in the more narrow sense are not go@dlictors of successful catch-up. What
seem to be of greater importance are the policdasHy pursued.

In recent years, a sizeable empirical literature émerged trying to expand on the type of
analysis just presented in various directions, iftstance by pushing the search for
explanatory factors far back in time (Acemoglu le2801, 2002), or by taking into account
other types of exogenous variables that might laavanpact on development (and policies),
such as climate, exposure to diseases, geograpbgs@to sea for instance), ethnic diversity
etc. (Sachs et al. 2004, Masters and MacMillan 280dom et al. 2003, Alesina et al. 2003).
Arguably, it is difficult to deny that factors oftastorical or geographical nature may have an
impact on long-run growth. Hence, it appears pertirio control for this when testing for the
impact of other factors, and we will follow thisgatice here. It might be noted, however, that
in many cases there is conflicting evidence andrpretation about the impact of history,
geography and nature on growth (Glaeser et al. )20Dde reason for this may be that
variables reflecting different causes sometimessarestrongly correlated that little can be
said with certainty (apart from, perhaps, thatehiera joint impact). Alesina et al. (2003, p.
183), for instance, conclude on this basis thatthie end one has to use theory and priors to
interpret our correlations”.  Another possibiliginted out already by Moses Abramovitz
(1994a), could be that the problems that such tomdi give rise to, may also spur the
creation of new knowledge and new social arrangésnemhich eventually may totally
eliminate the problems (and even making societiebeff over a long-run). This leads us to
the role of knowledge in growth and development.

Knowledge and development

“Knowledge”, or “knowing things”, may take many fos. It may be theoretical, based on an
elaborate understanding of the phenomena undetirscrBut it may also be practical, based
on, say, cause-effect relationships that have sbewn to hold in practice, although a total
understanding of the underlying causes may bergckt may be created through search or
learning but it may also be acquired through edanatr training or simply by observing
what others do and trying to imitate it. The creat{or acquisition) of knowledge does not



require an economic motive (or effect), althougis tis quite common. The subset of
knowledge that deals with how to produce and diste goods and services, which is what
interest economists most, is usually labelled “tetbgy”. An open question is if the concept
technology only refers to knowledge about physjadcesses (“hardware”), or if it also
includes knowledge about, say, how to organize/manbese (“software”). For the study of
growth and development the latter, broad interpigriaof the term is probably the most
meaningful. Arguably, mastery of physical processesf dubious value if you don’t know
how to embed these in a well-organized productimhdistribution system.

Traditionally, economic theorists have faced grpaiblems in incorporating knowledge
(technology) into their analysis of developmentisThad to do with a particular view on
knowledge that had come to dominate economics; letye as a body of information, freely
available to all interested, that can be used avet over again (without being depleted).
Arguably, if this is what knowledge is about, itositd be expected to benefit everybody all
over the globe to the same extent, and cannotvodéu to explain differences in growth and
development. It is understandable, therefore, ttie first systematic attempts to
conceptualise the relationship between knowledgk davelopment did not come from the
economics mainstream but from economic historidfiee economic historian Alexander
Gerschenkron set the stage for much of the subsediterature (Gerschenkron 1962).
Rather than something that exists in the public @ionand can be exploited by anybody
everywhere free of charge, technological knowledgeether created through learning or
organized R&D, is in this tradition seen as deepbted in the specific capabilities of private
firms and their networks/environments, and hendeeasily transferable. Compared with the
traditional neoclassical growth theory discussedierawriters working in this tradition
painted a much bleaker picture of the prospectsdtch-up. According to this latter view
catch-up is not something that can normally be etgueto occur only by market forces left
alone, but requires a lot of effort and institutiomlding on the part of the backward country
(Abramovitz 1986, 1994 a,b).

During the 1980s and 1990s economists’ interestthim possible role of knowledge
(technology) for growth and development increasetbta On the theoretical front an
important development was the emergence of theabedc“new growth theory” (Romer
1986, 1990, Aghion and Howitt 1992) according toickhdifferences in economic growth
and development across countries should be undersie the outcome of differences in
endogenous knowledge accumulation within (largedgiamal) boarders. Although some
newly created technological knowledge may spillrdvem one setting (firm or country) to
another one (and hence benefit the latter at Emstuch as the former), there are according
to this approach sufficient impediments to thisgess (being legal, such as intellectual
property rights, or more informal in nature) tosecthat in most cases the lion’s share of the
benefits will accrue to the setting in which theohedge is created. This leads to similar
conclusions with respect to the prospects for cafclhnd convergence as the more informal,
historically oriented tradition discussed abovegétber, these two strands of research, which
both focus on the role of knowledge in developméough through different lenses, have
inspired a lot of new work aiming at identifyingetivarious factors or capabilities that affect
the extent to which developing countries succeeekploiting the global pool of knowledge
to their own benefit.

4 However, Thorstein Veblen (1915) is usually dedliwith initiating the approach. See Fagerberg and
Godinho (2004) for details.

5 This research tradition is sometimes called tteeHhology gap approach” to growth and development
(Fagerberg 1987). For an overview and comparison ether approaches see Fagerberg (1994).



Capabilities

The starting point for much of the work on capébs and development was
Gerschenkron’s historical analyses of Europeanheagcwith the then technologically and
economically leading nation, the United Kingdom.er§&henkron (1962) pointed out that
although the technological gap between a frontieméry and a laggard represents “a great
promise” for the latter (a potential for high grémthrough imitating frontier technologies),
there are also various problems that may preveonkvard countries from reaping the
potential benefits to the full extent. His favoargxample was the German attempt to catch
up with Britain more than a century ago. When Bmitendustrialized, technology was
relatively labour intensive and small scale. Buttlie course of time technology became
much more capital and scale intensive, so when @eynentered the scene, the conditions
for entry had changed considerably. Because thissdBenkron argued, Germany had to
develop new institutional instruments for overcomitnese obstacles, above all in the
financial sector, “instruments for which there wiie or no counterpart in an established
industrial country” (ibid). He held these experiesto be valid also for other technologically
lagging countries. In short, to use a more recenninology, Gerschenkron argued that
catch-up by poorer countries should be expectetietdconditional” on certain types of
capability-building.

Moses Abramovitz, arguing along similar lines as¥8benkron, also placed emphasis on the
potential for catch-up by late-comers which he risdi as follows: “This is a potential that
reflects these countries’ greater opportunity teaate by borrowing and adapting the best
practice technology and organization of more préigaeconomies” (Abramovitz 1994b, p.
87). He suggested that differences in countrieditials to exploit this potential might to
some extent be explained in differences in so-datecial capability® These are some of
the aspects of social capability that Abramovitpbasized as particularly relevant:

- technical competence (level of education),

- experience in the organization and managemelargé scale enterprises,

- financial institutions and markets capable of iinibg capital on a large scale,

- honesty and trust,

- the stability of government and its effectivenasdefining (enforcing) rules and
supporting economic growth.

The concept social capability soon became very faopn applied work, so popular that it
may in fact be difficult to find a published paperthis area that does not make a reference to
it. However, the concept is as Abramowitz himselitesf notoriously difficult to
operationalize and this has left a wide scope fiber@nt interpretations. In fact, as we shall
see, in many practical applications it assumedetalbntical to some measure of educational
attainment, which, although arguably an importaspiest of social capability, clearly is a
more narrow perspective than what Abramovitz haahiimd.

Another popular concept in the applied literatunegoowth and development that touches on
some of the same issues is “absorptive capacitygsiéy Cohen and Daniel Levinthal who
suggested the term defined it as “the ability difra to recognize the value of new, external

6 The term “social capability” comes from Ohkawal d&osovsky (1973).

" This list is based on Abramovitz (1986, p. 3®D)Band, in particular, two papers he publishedngut994,
see Abramovitz (1994a p. 34-35, 1994b, p. 88).

8 The concept is, as Abramovitz himself admittpdte “vaguely” and “poorly” defined (Abramovitz 29a, p.
24 and 36).



information, assimilate it and apply it to commafoends” (Cohen and Levinthal 1990, p.
128). They saw it as largely dependent on the &rprior related knowledge, which in turn
was assumed to reflect its cumulative R&D. Howewhiey also noted that the path
dependent nature of cumulative learning might mialdfficult for a firm to acquire new
knowledge created outside its own specialized fialdl that it therefore was important for
firms to retain a certain degree of diversity ia knowledge base through, among other
things, nurturing linkages with holders of knowledgutside its own organization. Although
their focus was on firms, many of the same conaittems seem to apply at more aggregate
levels, such as regions or countries, and the gbi@es won quite general acceptance.

It should be noted, however, that the concept qibiser capacity refers not only to
“absorption” in the received meaning of the ternt &lso to the ability to exploit and create
knowledge more generally. Cohen and Levinthal, dpeirell aware of this, defended their
position by arguing - with reference to relevanggtelogical literature - that the ability to
assimilate existing and the ability to create newwledge are so similar so there is no point
in distinguishing between them (ibid, p. 130). Qthesearchers have placed more emphasis
on making such a distinction, though. Zahra andr@e (2002), in a review of the literature
on the subject, argue that the skills requireccfeating and managing knowledge differ from
those related to its exploitation and that the tixerefore deserve to be treated and measured
separately. They term the latter “transformativpazaty”. Kim (1997) equates absorptive
capacity with “technological capability” and idefigs three different aspects of it;
“‘innovation capability”, “investment capability” dn“production capability”. In a similar
vein Fagerberg (1988) and Fagerberg et al. (2034induish between a country’s ability to
compete on technology (what they term “technologynpetitiveness”) and its ability to
exploit technology commercially independently of es it was first created (so-called
“capacity competitiveness”).

Thus there is by now a relatively large literatorethe role of capabilities in development,
conceptual and applied. However, as should be switlem the discussion, scholars in this
area have suggested alternative concepts thataarkegst partly) overlapping and often
difficult to operationalize. The main purpose bistpaper is to contribute to an improved
(and more transparent) relationship between conekpind applied work in this area. We
start by examining the relationship between corsegmd indicators, noting that the
availability of indicators has improved a lot iecent years, and that this may prove to be
beneficial not only for applied but also for contuep) work.



3. In search of a synthetic framework

Based on the preceding discussion, Figure 1 presamtoverview of the factors that we
expect to be of particular relevance for catch-aijpng with possible indicators of these
factors. Starting from the bottom we first havetdas related to differences in geography and
nature. Such factors are important for developmespecially at an early stage, and are
therefore important to take into account, althotlgre is perhaps not so much one can do
about it? This also holds, to a large extent, for socialraberistics that are the result of
historical processes in the distant past, sucthasdles of language(s), religion(s), ethnic
groupings etc. Arguably, a part of what is comrgaiermed “institutions” (e.g. rules and
norms) may also fall under this category. For inséa the differences across regions in
attitudes towards social collaboration studied bynBm (1993) and labelled “social capital”
were shown to have their roots way back in histmng to be remarkably persistent. As a
consequence we do not include these in what welalipolicy space”, shorthand for factors
that within a reasonable time frame can be shapedigh policy interventions. However, at
any time there is a lot of scope for improvememshow society is governed (through
appropriate political action). Hence, the qualifygovernance clearly belongs to the policy
space. To this we also reckon the other aspectsAhemovitz included in his social
capability concept (such as organizational commpetemdequate financial infrastructure,
education etc.) and factors associated with abiserggpacity and technological capability
(such as, for instance, R&D infrastructure).

9 However, with increasing knowledge, the social anonomic effects of such given conditions mayngea
(learning to cope with diseases, for instance).



Figure 1
Capabilities and development - an integrated framewark
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The concepts “technological capability” and “abswe capacity” both refer to the ability to
develop and exploit knowledge commercially, whatr@tent literature is often seen as
reflecting the “innovation system” of a country ldvall 1992, Nelson 1993). We have
several data sources that capture different asm#ctisis dimension. As for “innovation
capability” (to use the term suggested by Kim 1997) reseanchdevelopment (R&D)
expenditures measure some (but not all) resouhegsate used for developing new products
or processes while patents count (patentable) tiorest® The quality of a country’s science
base, on which innovation and invention activiiessome extent depend, are reflected in
articles published in scientific and technical joals™* In addition, a well-developed ICT
infrastructure is widely acknowledged as a critiegkor for the ability to develop and exploit
new technology (knowledge). We include three inicaof ICT diffusion in the economy:
personal computers, Internet users and fixed/mgifiene subscribers. However, ICT is

10 We use only patents granted by the United StReent and Trademark Office (USPTO) to assure
consistency in terms of criteria for novelty, ongiity, etc.

11 We consider both patent and article counts agnetiable sources of quantitative data. Note, &éesv, that
the propensity to patent or publish varies considigr across scientific fields and sectors/industaad that
many innovations are not registered by these médareover, there can be an upward language/regiuaal

for English-speaking nations and/or countries vaitblose links to the United States. No attempt masle to
correct for these possible biases.



equally (or even more) important for another dimemsof technological capability
emphasized by Kim, namely “production capabilityAs an additional indicator of
“production capability” we include the spread afatjty standards in production, for which
the 1SO 9000 certification seems to be most releaad broadly available indicator.

As pointed out in the literature on “absorptive @apy/”, openness (or interaction) across
country borders may serve as an important charirietbnology transfer (or spillovers) from
abroad. This issue is also very much emphasizedoirk inspired by the so-called “new
growth theories” (see, for instance, Grossman aetprHan 1991 and Coe and Helpman
1995). Four channels of technology transfer accasmtry borders have been examined in
the literature: migration, licensing, trade ancefgn direct investment (FDI) (for an overview
see Cincera and Van Pottelsberghe 2001). Howewver tal lack of data we only take into
account the two latter, e.qg.; diffusion of techmyl@mbodied in (merchandise) imports and
(stock) of inward FDI. To avoid a bias against é&amgconomies (that for natural reasons
tradclezlinteract relatively more internally) both icators were measured orthogonal to country
size.

An important aspect of “social capability”, accargito Abramovitz, is the ability to
organize/manage large scale enterprises (“orgaoiedt capabilities”). This is, as
acknowledged by Abramovitz himself, a hard thingnmeasure, particularly for a large
sample of countries on different levels of develepm Unfortunately, although we have
scrutinized the available data sources for releugntmation (se below), we have not been
able to improve upon the existing literature irstteéspect. What most of the applied literature
on the subject has done, following the influensiidy by Baumol et al. (1989), is to equate
“social capability” with education, another aspeatphasized by Abramovitz. We include
three indicators; the teacher-pupil ratio in prignaducation and the rates of enrolnt2m
secondary and tertiary education. Abramovitz alemted to the crucial role of country’s
financial system for mobilizing resources for cangaup. We capture this aspect by the
amount of credit (to the private sector) and byitedipation of companies listed in domestic
capital markets'*

The importance of governance, policy and instingiofurnishing economic agents with
incentives for creation and diffusion of knowledge,also generally acknowledged in the
literature. This holds not only for Abramovitz, aas mentioned previously included several
such aspects into his definition of “social cap&pil but also for writers from other strands
such as, for instance, “new growth theory”. Althbuguch factors often defy “hard”
measuremertf, especially in a cross-country comparison, theristesome survey-based

12 The variables were regressed against (the logonintry size (krf) and the residuals from these regressions
were then used in our analysis.

13 Note that we do not use indicators of enrolmerprimary education, since this measure may hitle |
impact on the labour force within the time spansidered here, and has an upper boundary (“satofdéweels)
that imply that many if not most countries willMeavalues close to 100%. Indicators with this propare not
well suited in factor analysis, because they tendlaster into a single dimension due to this prgpalone,
regardless of the content.

14 Note that Kim (1997) included finance (what haled “investment capability”) in his definition of
“technological capability”, illustrating once motke partly overlapping nature of some of the muistely
used concepts in this area.

15 Among the aspects included in Figure 1 (and ersighd by Abramovitz), and for which survey-based
indicators do exist but with too low coverage twalinclusion here, are “tolerance” and “honesiy trust” .

In the more recent literature such aspects aren (feen as related to “social capital’, e.g. thditghdf a
population to engage in socially beneficial, coapiee activities, (see Woolcock and Narayan 2000&i0
overview).



measures that may be considered heke include the following aspects (taken from such
surveys):

- law and order,

- impartial courts,

- protection of property rights,

- how difficult it is to start/operate a business,

- size of informal market (extent of corruption),

- democratic versus autocratic government,

- checks and balances in the political system,

- degree of competition for posts in the execusind legislature and

- the extent of political rights and civil libertie

These indicators clearly refer to institutions bisththe broad sense (“quality of governance”)
and in the narrow sense (“rules of the gam€"Pne of the challenges in the following will
be to find ways to distinguish between these twirers.

Although measurability is a key issue for the prégxercise, data availability proved to be a
serious concern as well. Typically, most developstket economies figure prominently
among those with good coverage, while many dewadppountries and former socialist
economies lack data on many potentially usefulcattirs (and years). Based on an initial
screening of data for 175 countries and more th@d dotential indicators we chose to
include 115 countries and 25 indicators into thelysis (see Appendix 1 for details). Still
there were a few missing data points for many a@esiindicators. Excluding all countries
with one or more missing observations would inéohitalead us in the direction of only
considering a small group of highly developed cdaest The same goes for indicators, not
taking into account all indicators for which sonmuntry lacked data would lead to ignore
many of the potentially most interesting explanattactors. In such cases we therefore
chose to estimate the missing observations withhedp of information on other, similar,
indicators/countries (rather than reducing the dajip To ensure comparability over time
and across countries, all indicators were measimedeal units (quantity), deflated (if
applicable) with population or GDP and on an insineg scale from low score (weak) to high
score (strong}® To limit the influence of shocks occurring in sffie years, we express all
indicators as three-year averages for the initqal over 1992-1994 and for the final period
over 2002-2004.

16 The sources of the data include expert panelssarveys provided by the Heritage Foundation, doee
House, Polity IV Project, Transparency Internatlpemnesty International, World Economic Forum, PRS
Group, Economic Intelligence Unit, various U.S. diAState Agencies and others (see the AppendixoAl f
details).

17 Note that because of limited or no time-senmes,cannot use the indicators developed by Djanktwl.
(2002), Botero, et al. (2004) and the World Bartk'erestment Climate Survey” project. For the samasons
we cannot use the indicators on constitutionalsraled judicial independence proposed by La Parta,(@004)
and on legal procedures suggested by Djankov,.2@03). Nor do we not use the composite “govectean
matters” indicators developed by the World Bankause these, as explained by Kaufmann et al. (20C&1),

by construction eliminate the time trend in theadgguch as, for instance, a general trend towa® ifless)
democratic government which clearly would be ofeiest here). However, the sources for many of these
indicators are often the same as those utilized,l® much of the information is taken into accaanthis
study as well.

18 See Appendix 1 for details on how this was done.

19 If necessary we reversed scale of the indicatrisave all of them in an increasing order, e.g. use
teacher-pupil ratio instead of the opposite.

10



4. Constructing composite variables: factor analysi

Given the relatively large number of indicatorsrénés obviously a lot of information to

exploit in the analysis. But it goes without saythgt it would not be meaningful to take all
these indicators on board in, say, a regressiotysisaon economic growth, since many of
them reflect slightly different aspects of the saraality and tend to be highly correlated
(hence multicollinearity may be expected). How tonbine this information into a smaller
number of dimensions with a clear-cut economic rpritation? This is one of the key
challenges confronting us in this study.

The most widely used approach to construct compasitiables is to use judgment to select
the relevant indicators and then weigh these tagethormally using equal weights — for
survey of the literature see Archibugi and Coco ®00rhis requires that we know in
forehand which indicators to combine into a sindimension. However, if we lack this
knowledge, this way of doing things runs into peshs, as appears to be case here.
Fortunately there is a well-developed branch of tivaiate analysis, so-called “factor
analysis”, that is designed to advice on questions like (Basilevsky 1994). It is based on
the very simple idea that indicators referringhte same dimension are likely to be strongly
correlated, and that we may use this insight toicedhe complexity of a data set (consisting
of many indicators) into a small humber of compmsiairiables, each reflecting a specific
dimension of the total variance of the data seis fitethod has been widely used in the social
sciences for a long time (Spearman 1904, Hotelli883) and was applied to the study of
development in the pioneering study by Adelman ldiodris (1965, 1967).

Before we move to the factor analysis there areesmsues that deserve mentioning. First,
the indicators have to be standardized into a comfaomat (deducting mean and dividing
by standard deviation) before aggregating them antmmposite. We have standardized the
indicators with the mean and standard deviatiothefpooled data (from the initial and final
period). This means that the change of a compasit@ble over time will reflect both
changes in each country’s relative position (acrasntries) and changes in the absolute
level of the underlying indicators (over time). tims way we take into account as much
information as possible. Second, variables shdoddrelatively evenly distributed, e.g.,
variables with a “two sample split” (for examplerydiigh values for the developed countries
and close to zero for the poorer ones) should balad and for the same reason outliers need
to be dealt with. Simply excluding outliers frometeample may not be the best solution, as
we then may lose the important evidence. A logdfarmation of the data set was shown to
significantly reduce these problerfis.

Factor analysis is carried out in two steps. Frstolution is found in terms of number of
factors to be retained and the share of the tatadhmce that these together explain. Then, in a
second step, the loadings of the various indicaborghe factors are adjusted through so-
called “rotation” to maximize the differences beemethe factors (without changing the
number of factors or the share of the total vaeatiwat these jointly explain). Hence, the
choice of an appropriate method for rotation isiobsly an important part of the analysis.
For a long time so-called orthogonal rotations,hsas “varimax normalized” rotation, were
generally preferred in applied work, mainly becaubese are computationally less
demanding than the more complex alternatives. Hewearthogonal rotations assume that
the underlying composite variables that we are cééag for are totally uncorrelated.

20 Some variables containing zeros or negativeedutatl to be rescaled to positive values. We ussithple
rule by adding the minimum observed value in thega, which delivers the transformation, to all tbé
observations in the sample.
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Although an attractive feature in many respects (he least in regression analysis) this is a
very strong assumption that may be difficult toestef. Arguably, in the real world, there is a
good deal of correlation between different socaatdrs, and one would hence like to use a
method that allows for that. Moreover, to achievahagonality (uncorrelatedness)
adjustments in the loadings have to be made thgtlezal to strange results for individual
countries. Therefore we use the more flexible ‘@qidi” rotation, based on the “oblimin”
method, which does not from the outset assume gothneity.

In Table 1 we present the results from a factotyaison pooled data for the initial and final
period for the 115 countries covered by the anslftsierefore 230 observations). The table
presents the factor loadings (e.g. correlationwéen the indicators and the retained factors)
after oblimin oblique rotation. The analysis ledtte selection of four principal factors
jointly explaining 74% of the total varianéeThe first factor, which explains about one third
of the total variance, correlates highly with sedéndicators associated with “technological
capability” and “absorptive capacity” such as Ré&aatenting, scientific publications, ICT
infrastructure, 1SO 9000 certifications and auality of finance. However, it also
correlates highly with education, so it cuts acradse established distinction between
“technological” and “social” capabilities. We suggénterpreting it as a synthetic measure of
the quality of a country’éinnovation system? Figure 2 plots the factor score on innovation
system against GDP per capita (as a measure tghbleof economic development). The first
thing to note is the very tight correlation betwabe two, the quality of the innovation
system “explains” more than 85 % of the variatiordevelopment. To the extent that there
are some deviations from the regression line it e®rfrom a group of resource rich
economies (OPEC countries for instance), haviightty higher GDP per capita levels than
the quality of their innovation systems would irate, and a group of the former centrally-
planned economies for which it is the other wayat

21 The method “principal component factors” (8tft2) was used. This method returns as many &etor
indicators, e.g., 25. Factors with an eigenvalbeva unity were retained for the second step ofatfeysis.
This means that factors that explained less theiarage indicator” (1/25 = 4%) were dropped. Theice of
four factors was also found to be consistent witBcaee-test. An alternative method for identifyfagtors is
based on the Maximum Likelihood approach. This me@thas the advantage that it has provides signifiea
test for each factor. However, the method is kninvmany cases to converge to a corner solution \{ided
solution) in which case these tests are not valtiich happened in the present case).
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Table 1
Results of factors analysis

Innova- . ver-  Ppolitical X
tion Openness
nance  system

system
Research and development expenditure (% of GDP 2 0.7 0.18 -0.08 -0.33
USPTO patents (per capita) 0.63 0.32 0.14 -0J06
Science & engineering articles (per capita) 0.64  400. 0.06 -0.11
ISO 9000 certifications (per capita) 0.80 0.04 0.00 0.29
Fixed line and mobile phone subscribers (per capitd 0.92 -0.00 0.05 0.11
Internet users (per capita) 0.78 -0.17 0.09 0.36
Personal computers (per capita) 0.77 0.17 0.01 a.21
Primary school teacher-pupil ratio 0.82 0.15 -0.08 -0.15
Secondary school enrolment (% gross) 0.93 -0.09 4 0.0 -0.11
Tertiary school enrolment (% gross) 0.94 -0.11 0.10 -0.14
Domestic credit to private sector (% of GDP) 0.48 .440 0.00 0.09
Market capitalization of listed companies (% of GQDH 0.42 0.33 0.06 0.26
Merchandise imports (% of GDP) -0.08 0.04 -0.15 10.[7
Foreign direct investment inward stock (% of GDP) 0.02 0.02 0.08 0.86
Impartial courts -0.07 0.86 -0.04 -0.10
Law and order 0.22 0.58 -0.07 -0.01
Property rights -0.01 0.88 0.16 0.02
Regulation 0.10 0.72 0.05 0.02
Informal Market (corruption) 0.26 0.68 -0.03 0.23
Index of democracy and autocracy -0.03 -0.03 0.96 0.05
Political constraint 0.07 0.03 0.81 0.00
Legislative index of political competitiveness 8.0 -0.19 0.84 0.01
Executive index of political competitiveness 0.10 0.24 0.83 0.01
Political rights -0.01 0.23 0.89 -0.02
Civil liberties 0.01 0.27 0.82 0.04
Explained percentage of total variance 30.0 200 781 6.6

Note: Four factors with eigenvalue > 1 were detdctghich explain 74.4% of total variance; extrastimethod:
principal components factors; rotation: obliminigbk. Number of observations = 230 (pooled datal iy countries in
the initial and final period).

Source: See Appendix 1.
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Figure 2
GDP per capita and innovation system (average levelver 2002-2004)
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Source: See Appendix 1.

A brief look at the next two factors, which eaclpkains about one fifth of the total variance,
reveals that the above mentioned difference betWgevernance” (or “policy”) on the one

hand and “rules of the game” (or “institutions”) &me other are clearly mirrored in the
results. The second factor loads high on variospeets reflecting the quality of

“governancg such as a well-functioning judicial system,létcorruption and a favourable
environment for new businesses. As in the previoase this factor score correlates
positively with the level of economic developmenhd significantly so). However, as is
evident from Figure 3, the relationship is not &®rgy as in the case of the innovation
system. The main reason for this is that there ggaap of countries, mainly of African

origin, that deviates from the main pattern by gemuch poorer than the quality of
governance should indicate.
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Figure 3
GDP per capita and governance (average level ove0@2-2004)
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Note: For definition of the governance variable $able 1.
Source: See Appendix 1.

The third factor, in contrast, loads particularigth on a number of aspects reflecting the
character of the'political system” (e.g., “rules of the game”). In short, countrieghw
political systems that are close to those of thestéfe world, rank high on this dimension,
while countries with systems that differ lot fromedtern democratic ideals, get a low mark.
In contrast to the innovation system variable, havethe character of the political system is
not closely correlated with levels of economic depenent. In fact, figure 4 reveals that
some countries with distinctly “non-Western” (auikerian) regimes do rather well
economically. However, most countries cluster te tight in the figure (indicating a
“Western” type political system) irrespective oéihlevel of economic development.
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Figure 4
GDP per capita and political system (average levelver 2002-2004)
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Source: See Appendix 1.

Finally, there is a fourth factor which may be lddx@ “opennessas it shows high correlation
with imports and inward FDI. Hence this factor cep aspects that (in at least some
versions of the arguments) are attributed to “gitser capacity”. As noted this is a factor
that is deemed especially important by followersh& “new growth theory”. However, this
fourth factor contributes much less to the expli@mabf the total variance than do the three
other factors (only about seven per cent). Nohésdomposite variable based on this factor
closely correlated with economic development inufég5. However, it is nevertheless
important to retain this factor because the restdtdirm that it captures a distinct aspect of
reality (which may help to improve our understagdf the other factors as well).
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Figure 5
GDP per capita and openness (average level over 200004)
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Source: See Appendix 1.

Although most indicators correlate with one comfmsiariable only there are a few
exceptions worth noting. For instance, supply ofddr to the private sector correlates
moderately with both Innovation System and GoveteaiThis is not necessarily surprising.
A well functioning banking system is obviously imnt for innovation, but it is arguably
also intimately related to good governance. Sdientrticles correlate highly with the
Innovation system and (moderately) with Governantie latter may be explained by the fat
that most scientific articles originate from pubBector organisations or private research
sponsored by the public sector. Thus, the resotiicate that although the quality of the
Innovation System and that of Governance reprediéferent aspects of reality (and it is
possible to distinguish clearly between them) thisr@lso to some extent a relationship
between the two. The spread of internet correlatghkly with the innovation system and
moderately with Openness. The former clearly cot€avith our hypotheses but the latter
makes sense too. Arguably, openness (in an ecorsenise) should not only be about flows
of goods and money across borders but also abows fofideas(for which internet access
comes in very handy).

5. Capabilities and development

To sum up the main findings so far, there appeabeta very strong relationship between the
innovation system and the level of development, #nedsame holds to some extent for the
relationships between governance and developmertontrast, openness and the character
of the political system appear not to be stronglgted to economic development, at least not
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as measured here. However, such simple correlat@ysmask more complex relationships,
S0 in a second step we carry out a multivariateessyon of the relationship between the four
capabilities previously identified and the levelezionomic development as reflected by GDP
per capita. To avoid simultaneity bias in the eates we use data from the initial period
(average 1992-1994) for the four capabilities amel final period (average 2002-2004) for
GDP per capita.

As is customary in the literature we include, inliéidn to the capabilities mentioned above, a
battery of indicators reflecting differences in gegphy, nature and history. After a screening
of the recent literature on the role of such exogenfactors for growth (Acemoglu, et al.
2002, Alesina, et al. 2003, Bloom, at al. 2003,r6er2003, Gallup, et al. 1999, Masters and
McMillan 2003, Sachs, et al. 2004), the followingufteen variables were selected:
longitude of country centroid, latitude of countrgntroid, log of surface area, access to
ocean, land in desert ecozone, land in tropicak@uwe, log of population density, ethnic
fractionalization, religion fractionalization, maika fatal risk, log of oil deposits per capita,
mean soil suitability for rain fed crops, log oethumber of people killed in natural disasters
per capita and log of years since national indepeoel (see Appendix 1 for details). We use
a (backward) stepwise regression to identify thecHgation with the best statistical
properties? To test for the robustness of the results wipeet to the composition of the
sample we re-estimate this relationship with a sbbregression technique, iteratively
reweighted least squarés.

Table 2 presents the results from the regressialysin. Note that all variables are expressed
in a common scale (standardized by deducting thanmend dividing by the standard
deviation), which allows for direct comparisons peErameter values (beta coefficients are
reported* The main result is that irrespective of choice emonometric method the
development of th&innovation system”and the quality ofgovernance”are positively and
significantly associated with economic developmeriior the two remaining capabilities
there is no significant relationship. The introdotof indicators reflecting differences in
nature, geography and history led to a slight iaseein the explanatory power of the model
and a slight decrease in the correlation betweeP @& capita and the development of the
Innovation System. Hence, these results confirnieedindings that such differences do
matter for economic development. Moreover, the Itesteached here indicate that one
important reason for this may be that these diffees influence the ability of a country to
develop a well-functioning innovation system.

22 The aim of the stepwise procedustepwise regommand in Stata 9.2) is eliminate (insignificardjiables
that do not contribute to the explanatory powethaf model (given a chosen significance level). a&¢testep
the stepwise method also attempts to reintroduaady eliminated variables to control for a podisibthat
some of them might become significant later on.dffecified the threshold for removal at 20% sigaifice and
the level for reintroducing a variable at 15%.

23 lteratively reweighted least squares is a rolyagtession technique, which assigns a weight th ea
observation, with lower weights given to outlieme@ command in Stata 9.2).

24 See Wooldridge (2002a, pp. 114-115). Anothexoefdf the standardization is that sample averaggual to
zero, which implies that in the OLS estimate byimlgbn, the constant term equals zero as well.
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Table 2
Regression results — levels

(1) (2) 3)
Stepwise Iteratively re-
Estimation method oLSs regression with weighted least
fixed factors squares
Intercept . . 0.003
. . (0.11)
Innovation system 0.84*** 0.70%** 0.75***
(19.60) (15.56) (17.68)
Governance 0.17%** 0.19%** 0.15%**
(3.70) (4.49) (4.18)
Political system -0.03 . .
(0.82)
Openness 0.04
(1.32) . .
Longitude of country centroid . -0.06*** -0.06**
. (2.84) (2.06)
Access to ocean . 0.09*** 0.10%**
. (3.62) (3.39)
Oil deposits . 0.07** 0.07**
. (2.54) (2.40)
Ethnic fractionalization . -0.11%** -0.08**
. (3.37) (2.40)
Natural disasters . -0.04* -0.04
. (2.22) (1.33)
F 366.22 260.08 186.81
R? 0.91 0.93 N
Observations 115 115 115

Note: Depended variable is log of average GDP jpgita over 2002-2004 (PPP, constant 2000 USD). The
independent variables of capabilities (factor sgpege their lagged levels from the period 199241 3hsolute
value of robust t-statistics in brackets; *, ** **enote significance at the 10, 5 and 1 perceuelte
Standardized variables used in the estimates (oetfficients reported).

In the discussion so far we have mainly examinedrétationship between capabilities and
development when measured in levels. However, banrésults from the above analysis,
e.g., the importance of the development of the Vation System and the quality of

Governance for economic development, be sustameddynamic framework (e.g., explain

differences in economic growth)? It is worth ngtilhat many contributions to the empirical
literature on cross-country differences in growétfprmance, despite theoretical differences,
share a common empirical framework. This framewarkcalled Barro-regressions (Barro
1991), consists of regressing economic growth agamitial GDP per capita and a number of
other factors that may be deemed relevant (fobasecountry sample). In this framework the
GDP per capita variable measures the potentiac&ch-up (or convergence). The other
variables represent factors that are assumed tf beportance for (or “condition” ) the

ability to exploit this potential. Hence in thigerature these factors are often dubbed
“conditional factors”, and the growth-regressionghwhese factors included are interpreted
as tests of so-called “conditional convergerfGeiVe shall apply this framework here. As

25 The first to introduce this technique to thedst of growth and development was probably Johm®@aeH
(1976). Cornwall used GDP per capita to measurggéiein technology between frontier and the latewer
countries. The higher this gap, he pointed out,hilgher the potential for high growth in late-conteuntries
through successful imitation of superior technololgyeloped elsewhere. However, in his view, to exphis
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conditional factors we include the capabilities eleped in this paper and the battery of
indicators reflecting exogenous factors relategeiography, nature and history.

Table 3 presents the results from the analysis.fifiemodel (1) regresses the potential for
catch-up (log of initial GDP per capita) and tfengesn the capabilities on growth of GDP
per capita. The development of the innovation systnd the change in the quality of
governance from the preceding period were foundbeo highly significant, positive
predictors of growth while the changes in the pmditsystem and openness were found to be
uncorrelated with growth. However, the effect oé teDP per capita variable was not
significant following traditional statistical critie (5% level) and positive, e.g., indicating - if
anything - “conditional divergence”. The model ajgedicts poorly. The second model (2)
adds the initialevels of the capabilities along with their changes asspale “conditional
factors”. In this set up both the level and chaofjthe development of the innovation system
and the quality of governance were found to betpasand significant predictors of growth,
while as before the two remaining capabilities wiexend not to matter much. Moreover, the
GDP per capita becomes significant and with thatrigign. The explanatory power of the
model increases significantly as well.

In the third model (3) we add the fourteen exogenwariables previously introduced,
reflecting differences in nature, geography andohys As earlier we use a (backward)
stepwise regression procedure to identify the maatbl the best statistical properties. Again,
a healthy increase in the explanatory power ofrtteelel can be recorded, confirming our
earlier result that such exogenous factors do thaeatter for development. However, with
these exogenous factors included the level of thm®vation system is not any longer a
significant factor for growth, and the estimategbaut of the changes in this level on growth
is also much reduced (although still positive amghiicant). Hence, these results lend
further support to our previous finding that, sapfavourable factors related to nature,
geography and history tend to hamper the developwiewell-working innovation system
and with it the level of economic development mgeaerally.

To test for a potential endogeneity bias in thenestes, due to a possible feedback from
economic growth (the dependent variable) on cajpptlwhanges, we applied the Hausman
(or Durbin~-Wu—Hausman) test for endogenéitihis test is performed by first regressing
each potentially endogenous explanatory variable abdin exogenous variables (and
instruments), and then, in a second step, inclutlregresiduals from these regressions as
additional variables in a new regression of thginal modef’ If some of the residuals come
out as significant in this latter regression, weegat endogeneity of the variable and the
model should be estimated by, say, two-stages Eg@sires in order to obtain consistent
results. However, in the present case the tdstfto provide evidence for such endogeneity
problems .

In the fourth and fifth columns we test for the ustmess of the “best model” with respect to
changes in the composition of the sample. The lioombdel (4) applies, as before, a robust
regression technique (iteratively reweighted lesgtares) while in the fifth model (5)
twenty-five countries with political systems dewngt a lot from Western ideals were

gap countries needed to do additional investmeand (hat is where the “conditional” aspect comgs $ee
Fagerberg (1994) for an extended discussion.

26 For further details see Wooldridge (2002b, pg-122).

27 The exogenous variables that were excluded thaenibest” model by the stepwise regression weezlas
instruments in the test.
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removed. The results indicate that the resultsrtedoin the third model for the political

system and openness variables are not robust tegebain the sample. The conclusion,
therefore, must be that for these two variablegetie not convincing evidence for a
systematic relationship with economic growth, ewdren the impact of other variables have

been accounted fof

kk

Table 3
Regression results — growth
@ ) ®3) (4) ()
Stepwise lIteratively OLS excl.
Model Basic Initial regression re-weighted out_ligrs
model levels with fixed least (political
factors squares  system)
Intercept 0.02
.. . . (0.33) ..
Log of the initial GDP per capita 0.15* -0.83** 56 ik -0.55%** -0.65***
(2.91) (2.31) (2.97) (3.59) (2.79)
Innovation system . 0.78** . . .
(2.38) . . ..
Governance 0.36***  0.33* 0.36*** 0.45**
(2.64) (2.27) (2.83) (2.44)
Political system 0.06 -0.22** -0.23** 0.02
(0.58) (1.87) (2.18) (0.17)
Openness 0.10 0.18** 0.11 0.19
.. (0.96) (2.11) (1.25) (1.63)
A innovation system 0.31*** 0.45*** 0.24%* 0.28*** 0.23*
(3.50) (4.69) (2.88) (3.25) (2.40)
A governance 0.36*** 0.35%** 0.33*** 0.42%** 0.28**
(3.74) (3.58) (3.11) (5.30) (2.07)
A political system 0.10 0.12 . . .
(2.38) (1.33)
A openness 0.03 0.05
(0.25) (0.33) .. .. .
Latitude of country centroid . . 0.12 0.13 0.16
(1.58) (1.51) (2.01)
Ethnic fractionalization -0.26** -0.16* -0.23**
(2.43) (1.70) (2.01)
Malaria fatal risk -0.37** -0.44x*x -0.39**
(2.56) (3.58) (2.34)
Land in desert ecozone -0.32%** .(0.34*** -0.12
(3.63) (3.73) (1.34)
Natural disasters -0.16*** -0.14* -0.23%**
.. . (3.03) (1.82) (2.72)
F 5.25 4.26 6.76 9.05 6.44
R? 0.20 0.31 0.42 . 0.41
Observations 115 115 115 115 90

Note: Depended variable is annual growth of GDP g¢apita (PPP, constant 2000 USD) over 1992-2004.
Absolute value of robust t-statistics in brackéiss, *** denote significance at the 10, 5 and &ngent levels.
Standardized variables used in the estimates (oetfficients reported).
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6. Concluding remarks

The point of departure of this paper has been ithdinfg that income gaps in the global
economy are widening rather than narrowing. In,fhtstorical research shows that this is a
long run trend. However, there have always beemeles of countries that have defied the
trend and managed to catch up with the much richantries at the technology frontier, and
this also holds for the period under investigatiene. The reasons for this have been a matter
of considerable controversy, though.

However, in recent years the quality and availgbibf data on different aspects of
development have improved a lot, and this mighe gasearchers in this area an opportunity
for investigating the reasons behind the largeedifices in economic performance in more
depth. Attempting to exploit this opportunity thggper starts with an overview of the
different approaches in the literature to the exgleon of these differences and in particular
the empirical indicators and methods that theskerdift approaches have highlighted. This
led to the formulation of a synthetic empirical mbend, with the help of factor analysis, the
identification of set of “capabilities” which mighe assumed to be of critical importance for
catch up.

The following “capabilities” were identified andeasured with the help of data for twenty-
five different variables for 115 countries over ##92-2004 period:

The development of thénnovation system”

The quality of‘governance”

The character of thgolitical system”

“Openness’to technology/knowledge from abroad

The first of thesejinnovation system; is a synthetic measure of some of the most aliyic
important capabilities required in the global knedge based economy. It includes such
things a skilled labour force, R&D resources, alwleleloped ICT infrastructure and access
to finance. The analysis conducted here suggestativell developediinovation systemfis

a must for countries that wish to succeed in cafthTrhere is a strong, significant and robust
statistical relationship between (level and chaofjeGDP per capita on the one hand, and
(level and change of) theinhovation system”on the other. Historical and descriptive
evidence also suggest that countries that haveesded in catch up have given a high
priority to this dimension of development.

Albeit a well developedifinovation systemé&merges from the analysis as a clear priority no.
1 for development, it is not sufficient. A well ddgped fnnovation system’heeds to be
backed by gooddovernance”to succeed. Sometimes it is asserted that thimamly a
guestion of successfully “westernising” the polticsystem, e.g., adapting to institutional
arrangements that have proved to be successfuhenUnited States and other western
democracies. This study finds the support for éha@ssertions to be rather weak. What is
required, it seems, is the ability to continuoushprove the fnnovation system’and the
quality of “governance” through the mobilization of human, financial aamdiministrative
resources, and this appears to have been possibbeintries with quite different institutional
arrangements. This conclusion does not only restatistical evidence but is also supported
by historical research (consider for instance theent performance of countries such as
China and Vietnam, the Asian Tigers before the $980pre-world-war-two Japan). Hence,
the available econometric evidence seems to confinat follows from casual observation,
namely that the political and legal systems of esstul countries (and unsuccessful ones as
well) can differ a lot.
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Another result from the study, consistent with pveg research by Rodrik et al. (2004), is
that there is little support for the argument tHdferences in “openness” matter a lot for
development. This holds even, as in the presem, easen country size was controlled for.
This finding clearly runs counter to arguments dase “new growth theories” emphasizing
the openness dimension as perhaps the single mostrtant one for development. Note,
however, that the results reached here does nessagly invalidate the argument, central to
these theories, that flows of ideas across boraersmportant for global growth. What the
results imply, perhaps, is that what matters ferfgemance is not so much differential
access to such flows as the ability to take adgentd them. Arguably this is an issue that
may require further research.
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Appendix 1 (data & sources)

A brief overview of definitions, sources and tinmatry coverage of the indicators is given
in the table below. The main source of data is Werld Bank (World Development
Indicators 2006), which combines various sourcesatd for a large sample of countries. The
database has been complemented by data from otiganipations such as UNESCO,
UNCTAD, OECD, ISO, ITU, Heritage Foundation and e) and in addition datasets
produced by research projects. National sources wely used for Taiwan if necessary and
in a few cases for R&D data from developing cowstri

We originally collected data for all independerttss (app. 175 countries) and a large pool of
indicators (app. 100 indicators). The screeningea¢éad that a group of (mostly least
developed) countries suffers from a lot of missiiaga. Similarly data for a large number of
relevant indicators are available only for a grafighigh (medium) income countries and/or
only for the most recent period. A closer look,tif@rmore, revealed that some indicators
suffer from high volatility (primarily in developgqworld), methodological changes over the
period or are merely variations of each other. €hiadicators were then skipped. In order to
strike a balance between the need to bring rictiezxie for as many countries as possible and
data availability and methodological coherence,sefected 115 countries (see Appendix 2
for the full list of countries) and twenty-five iwdtors on capabilities (plus the fourteen
.exogenous factors” reflecting differences in gequry, nature and history). We use the
indicators in the form of three-year averages (19924 and 2002-2004) to limit influence of
shocks and measurement errors occurring in spga#cs.

Although the selected indicators have broad cowerag some cases there were missing
values that had to be dealt with. Missing valuesewmost frequent for R&D expenditure,
personal computers, the teacher-pupil ratio, mackitalization of listed companies and
some of the governance indicators. A number of ldgueg countries were not included in
the early surveys of computers and Internet pet@traWWe assumed that the initial value
was zero if these series started from less tharpenail. people later during the nineties (six
observations for computers and eighteen obsensatmminternet). Some missing data on the
market capitalization were filled by collecting ammation on Stock Markets of the World
(www.escapeartist.com/stock/markets.htm). Countugthout a stock market in a given
period were given zero (a total of forty-five obssions). The remaining missing data were
estimated using thenpute procedure in Stata 9.2 (see the Stata 9 Manuaddtails). We
based the estimation on data for other indicatorshe dataset. The proportion of data
estimated by the procedure is given in the lasiroal of the following table.

It should be stressed that considerable care was tt check the estimated data against
observed figures in countries with similar chardsties (level of development, region,
history, etc.). In a few cases the estimated dataddvexceed the minimum observed value of
an indicator elsewhere. In such cases we trunt¢htedata by replacing the estimated values
by the minimum observed figure. Only data from 1@®8vards were used for the science
and engineering articles for the former Soviet Wniand Yugoslavia countries due to
problems of reporting in the early 1990s. We aiseersed the scale, while keeping the
original range, for some indicators of governanod political system in order to have the
indicator in increasing order (with low value sifimgy weak governance and vice versa).
Note that this change of scale does not alter aopquty of the data but simplifies the
interpretation of loadings in the factor analysis.
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. . . Average | % of data
Indicator & definition Scaling Source over period| estimated
Gross Domestic Product (GDP):GDP converted to (constant 2000) internatig N capita World Bank (World Development Indicatorslgg(zg"1994 0
USD using purchasing power parity rates (PPP). 2006) 2002-2004
Research and development expenditure (R&D)Total (public and private) World Bank (World Development Indicatard992-1994
intramural expenditure on research and experimeigtetlopment performed on the nationd of GDP| 2006), OECD (MSTI Database), UNESCO & 31
territory. (S&T Statistics), RICYT and national source2002-2004
USPTO patents:Number of utility patents (patents for inventiompited by the U.S. 1992-1994
Patent and Trademark Office (USPTO). The origia phatent is determined by the residenper capitaj USPTO & 0
of the first-named inventor. 2002-2004
Science & engineering articlesCounts of articles published in journals classified : . : : 1992-1994

.| U.S. National Science Foundation (Science
and covered by Science Citation Index (SCI) anda&eiences Citation Index (SSCI). Theer capita) _ 4 Engilneeringllndicatorlfs ZOOIG) (Sci & 0
article counts are based on fractional assignments. 2002-2003
ISSOd 9800O Cerftlflqatlorss(:)A hfam(i]:yf_ of standards approved t;y thel_ Internatia nalrca | International Organization for Standardizat 0%99(2&-1994 .
tandards Organization (ISO) that define a qualitgnagement and quality assurah@er cap (The ISO Surveys of ISO 9000 Certificates
program. 2002-2003
Fixed ||pe and mobile hphonbel. subsc[:rlk()jerslTeLephonekmaiglines codnnecting a World Bank (World Development Indicatord 1992-1994
customer's equipment to the public switched telephaetwor (PSTN) an users Oﬁer capita| 2006), ITU (World Telecommunication & 0
portable telephones that subscribe to an autonmatidic mobile telephone service py Indicators Database 2005) 2002-2004
cellular technology providing access to the PSTN.
World Bank (World Development Indicators 1994
Internet users: Internet users are people with access to the watknetwork. per capita| 2006), ITU (World Telecommunication & 1
Indicators Database 2005) 2002-2004
World Bank (World Development Indicators 1994
Personal computers:Computers designed to be used by a single indikidua per capital 2006), ITU (World Telecommunication & 9
Indicators Database 2005) 2002-2004
Primary school teacher-pupil ratio: The number of primary school teachprs World Bank (World Development Indicators 1991
(regardless of their teaching assignment) dividgthie number of pupils enrolled in primary ratio | 2006), UNESCO (Global Education Digest & 11
school. 2005) 2002-2004
. World Bank (World Development Indicators 1991
Secondary school enrolmentThe ratio of the number of secondary students lf g}, gross | 2006), UNESCO (Global Education Digest & 3
ages (gross) expressed as a percentage of thedsegaehool-age population. 2005) 2002-2004
. . . . World Bank (World Development Indicators 1991
Tertiary school enrolment: The ratio of the number of tertiary students ofaaes o gross | 2006), UNESCO (Global Education Digest 2 3
(gross) expressed as a percentage of the tertihopkage population. 2005) 2002-2004
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Domestic credit to private sector: Financial resources provided to the priv
sector, such as through loans, purchases of nagezpgurities, and trade credits and of

ate
Hérof GDP

accounts receivable, that establish a claim foayepent.

World Bank (World Development Indicators
2006)

1992-1994
&
2002-2004
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Market capitalization of listed companies:The share price times the number of World Bank (World Development Indicators 1992-1994
shares outstanding (also known as market valugooiestically incorporated compan|&$ of GDP 2006) | & 4
listed on the country's stock exchanges at theoétite year. 2002-2004
Merchandise imports: The c.i.f. value of goods received from the resthaf world. World Bank (World Development Indicatorg +992-1994
Goods simply being transported through a countopdgin transit) or temporarily admitte&o of GDP 2006) ) & 0
(except for goods for inward processing) are ncltiged. 2002-2004
Foreign direct investment (FDI) inward stock: A received investment that 1992-1994
involves a long-term relationship and reflects stitay interest in and control by a reside¥ of GDP| UNCTAD (FDI Database 2005) & 1
entity in one economy of an enterprise resideiat different economy. 2002-2003
. . . . . . Gwartney and Lawson (2004) - based on the 1995
meartlal COULtS”. The (:]eglree }p wt;lch a trustepl legal fram:avyork exist private ((I)nt(cj)ei(O) WEE (Global Competitiveness Report, 2 8
usinesses to challenge the legality of governraetibns or regulation. various issues) 2002-2003
Law and order: The degree to which the citizens of a country aiténgy to accept the index (F;Ei?ieG:;)a:JrFoL(Jgtiesrslitlsc)m—aljgtzugtr%essg fron 199?&'1994 8
established institutions, to make and implemensland adjudicate disputes. (0to 10) Henisz (2005) 2002-2004
Property rights: The degree to which a country's laws protect peiyabperty rights : Heritage Foundation (Index of Economic 1995
S e index | Freedom, various issues) - based on the
and the degree to which its government enforcesetfews. The scale of the indicator has (1to5) | Economist Intelligence Unit (Country & 1
been reversed into increasing order, while keepgngriginal range. Commerce and Country Reports) 2002-2004
Heritage Foundation (Index of Economic 1995
Regulation: How easy or difficult it is to open and operateusihess. The scale of the index | Freedom, various issues) - based on the 2 2
indicator has been reversed into increasing owdeite keeping its original range. (1to5) | Economist Intelligence Unit (Country 2002-2004
Commerce and Country Reports)
Informal Market: The perceptions of people with regard to the exténtorruption, . Heritage Foundation (Index of Economic 1995
) : ) - . L index | Freedom, various issues) - based on the
defined as the misuse of public power for privagediit. The scale of the indicator has bae& to5) | Transparency International (Corruption & 1
reversed into increasing order, while keeping iitgioal range. Perceptions Index) 2002-2004
. 1992-1994
Index of democracy and autocracyThe degree of autocracy versus democragy ifndex |\, oo oo Jaggers (2003) 2 0
increasing order (POLITY?2 variable). (-10to 10) 2002-2003
i . . . . 1992-1994
Political constraint: The extent to which a change in the preferencesngfone actor index Henisz (2002, 2005) 2 0
may lead to a change in government policy (POLCOMtiable). (Oto 1) ’ 2002-2004
: - : " . o . . . 1992-1994
Legislative index of political competitivenessCompetitiveness of elections into index |5\ . . (2001) and Keefer (2005) 2 0
legislative branches (LIEC variable ). (1to 7) ’ ’ 2002-2004
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Executive index of political competitiveness:Competitiveness for post
executive branches in government (EIEC variable).

n index
(1to7)

Beck, et al. (2001) and Keefer (2005)

1992-1994
&
2002-2004
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Po!itical rights: The degree to which people participate freely ie golitical process . 4ay | Freedom House (Index of Freedom in the 1992-1994
derived from standards by the Universal DeclaratbbrHuman Rights. The scale of the(1 to 7) | World, various issues) & 0
indicator has been reversed into increasing owdeite keeping its original range. ' 2002-2004
Civil liberties: The degree of the freedoms of expression and belasfociational and 1992-1994
organizational rights, rule of law, and personabaamy without interference from the state index | Freedom House (Index of Freedom in the 2 0
derived from standards by the Universal DeclarabbrHuman Rights. The scale of the(1to 7) | World, various issues) 2002-2004
indicator has been reversed into increasing oxdeite keeping its original range.
Longitude of country centroid: Longitude is measured from the Prime Meridian, Gallup, et al. (1999) - CID Geography Fixed
) " ) . ) grees 0
with positive values going east and negative vafjgisg west. Datasets factor
Latitude of country centroid: Latitude is measured from the equator, with pos Vyegrees Gallup, et al. (1999) - CID Geography Fixed 0
values going north and negative values going south. Datasets factor
Surface area: Country’s total area, including areas under inl&udies of water and L0920f World Bank (World Development Indicators  Fixed 0
some coastal waterways. km 2006) factor
Access to oceanProportion of land within 100 km of the ocean cliast excluding % Gallup, et al. (1999) - CID Geography Fixed 0
coastline in the arctic and sub-arctic region altbeewinter extent of sea ice. Datasets factor
. . . . Gallup, et al. (1999) - CID Geography Fixed
Ve 0,
Land in desert ecozoneProportion of land in (temperate or tropical) deseozone. % Datasets — based on the UNEP factor 0
: . . . . Gallup, et al. (1999) - CID Geography Fixed
. 0,
Land in tropical ecozone:Proportion of land in tropical ecozone. % Datasets — based on the UNEP factor 0
Log of | World Bank (World Development Indicators
Population density: Midyear population divided by land area. people per 2006); missing data filled from UNEP (The| 1992-2004
km?> | GEO Data Portal)
Malaria fatal risk: Proportion of population at risk of contractingdiparum malaria. % gzgsler:)sntute (Jeffrey D. Sachs Malaria 1996
Ethnlc fractlo'nallzatlon: The probability that two randomly selected peopterfa  index Alesina, et al. (2003) The latest 0
given country will not belong to the same ethicugro (Oto 1) available
Rellglon fract_lonallzatlon: The probability that two randomly selected peopterfal  index Alesina, et al. (2003) The latest 0
given country will not belong to the same religion. (0to 1) available
log of The latest
Oil deposits: Proven crude oil reserves in billion barrels (bbl). (bbl +1) | The CIA World Factbook 2005 available 0
per capital
Mean soil suitability for rainfed crops: Mean proportion of each soil type that is % Gallup, et al. (1999) - CID Geography Fixed 0
moderately or very suitable for each of six rainfedps. Datasets factor
Killed in natural disasters: Number of persons killed (confirmed as dead, mgsinlog of | UNEP (The GEO Data Portal) — based on the
and presumed dead) in disasters of natural origiroughts, earthquakes, extremiglied per | OFDA/CRED International Disaster Databgas&992-2004
temperatures, floods, slides, waves, wind stormes).e capita | 2004
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National independence:Number of years since gaining national independesve
the period 1816-2004 (maximum truncated at 188s)ear

Log of
years

Fearon (2003); missing data filled from the
CIA World Factbook

1816-2004
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Appendix 2 (factor scores)

Ing;;itr':])n Governance | Political system Openness

> S > S S S S S

5 8|3 &) 3 8§83 9§

8 8!8 8|8 8|8 8

5 ]2 &]2 &3 %

Developed Countries
Australia 0.9 1.6 14 1.4 0.8 0.8 0.3 0.7
Austria 1.0 14 14 1.3 0.7 0.8 -0.8 0.3
Belgium 0.9 15 1.3 1.0 0.8 0.8 0.5 1.2
Canada 1.0 1.3 1.6 14 0.7 0.8 0.5 13
Denmark 1.0 1.6 1.6 1.7 0.8 0.9 -0.9 0.1
Finland 1.2 15 1.2 15 0.8 0.8 -0.9 0.3
France 1.1 1.3 1.2 0.9 0.6 0.8 -0.6 0.4
Germany 1.0 14 1.6 1.3 0.7 0.8 -1.0 0.n
Greece 0.5 1.2 0.6 0.1 0.7 0.7 -0.7 -0.2
Ireland 0.6 1.2 1.3 1.3 0.8 0.8 0.8 12
Israel 1.0 1.6 1.0 0.9 0.7 0.7 -1.2 -0.2
Italy 0.9 15 1.0 0.4 0.7 0.8 -1.2 -0.1
Japan 1.0 15 15 0.8 0.8 0.8 -3.1 -1.6
Netherlands 1.0 15 1.6 1.4 0.8 0.y 0.1 11
New Zealand 0.9 1.3 1.6 1.5 0.7 0.8 0.2 6
Norway 1.0 15 14 1.2 0.8 0.8 -0.4 -0.2
Portugal 0.4 1.3 0.9 0.7 0.7 0.7 -0.1 0.6
Spain 0.6 1.3 0.9 0.6 0.8 0.8 -0.5 0.6
Sweden 1.3 1.7 14 1.3 0.7 0.§ -0.7 06
Switzerland 11 15 14 14 0.8 0.9 -0.4 0.4
United Kingdom 0.9 15 1.8 15 0.7 0.8 -0.2 0.8
United States 11 15 1.7 1.5 0.8 0.8 -0.8 0i0
Asian Tigers
Korea 0.6 1.3 0.9 0.5 0.6 0.7 -1.2 -0.1
Singapore 0.6 1.3 15 15 -0.6 -0.6 1.3 17
Taiwan 0.7 14 1.6 0.8 -0.2 0.7 -0.7 1
New EU Members

Czech Republic 0.4 1.1 0.7 0.2 0.7 0.7 0.0 112
Estonia 0.2 1.1 0.6 0.7 0.1 0.7 -0.6 1.6
Hungary 04 1.2 1.0 04 0.7 0.7 -0.5 1.1
Latvia 0.0 1.0 0.1 0.0 0.3 0.7 -1.1 0.7
Lithuania 0.0 1.0 0.1 -0.2 0.2 0.7 -1.0 0.8
Poland 0.2 1.0 0.4 -0.1 0.5 0.7 -1.3 0.6
Slovakia 0.3 0.9 0.9 -0.1 0.0 0.7 -0.8 1.2
Slovenia 0.6 14 0.0 0.5 0.7 0.8 -0.6 0.p
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West Asia

Bahrain 0.3 0.8 1.7 1.2 -3.0 -24 0.1 0.5
Iran -04 0.7 -1.3 -2.0 -1.7 -0.8 -1.0 -0.7
Jordan -0.3 0.6 0.8 0.4 -0.6 -0.9 0.0 11
Kuwait 0.0 0.9 1.4 0.9 -1.3 -1.0 2.1 -1.3
Oman -0.6 0.4 1.4 0.7 -2.6 -2.4 -0.2 0.4
Saudi Arabia 0.0 0.9 1.4 0.4 -3.7 -3.6 0.0 0.1
Syria -0.7 0.1 -0.7 -1.4 -2.5 -1.8 -0.9 0.1
Turkey -0.3 0.6 0.3 -0.5 0.4 0.4 -0.8 0.5
United Arab Emirates 0.2 1.0 1.6 1.1 -2.8 -2.9 -0.2 0.2
Latin America
Argentina 0.2 1.0 0.4 -11 0.7 0.7 -1.2 0.4
Bolivia -0.6 0.4 -0.8 -1.5 0.6 0.6 -04 1.2
Brazil -0.1 0.7 0.3 -0.3 0.6 0.7 -1.0 0.3
Chile 0.0 0.6 1.2 0.9 0.7 0.8 0.2 1.3
Colombia -0.3 0.3 -0.7 -1.1 0.6 0.3 -0.6 0.y
Costa Rica -0.3 0.4 0.3 0.1 0.8 0.7 0.0 0,8
Dominican Republic -0.7 0.0 -0.6 -1.3 0.4 0.6 -0.9 0.3
Ecuador -0.6 0.2 -0.6 -15 0.4 0.5 -0.5 1.0
El Salvador -0.9 0.0 -0.1 -0.3 0.5 0.5 -1.0 0.4
Guatemala -1.0 0.0 -0.5 -1.6 -0.1 0.3 -0.5 0,3
Guyana -1.0 0.0 -0.6 -0.5 0.4 0.5 0.6 2P
Honduras -1.0 -0.3 -04 -1.3 0.5 0.5 -0.2 1.1
Jamaica -0.5 0.3 0.1 -0.5 0.6 0.6 0.0 11
Mexico -0.2 0.5 0.1 -0.5 0.2 0.7 0.0 1.1
Nicaragua -0.8 -0.1 -0.9 -14 0.2 0.5 -0.2 15
Panama -0.3 0.6 0.1 -0.7 0.5 0.8 -0.1 0/7
Paraguay -1.0 0.1 -0.3 -2.1 0.4 0.5 -0.7 0,8
Peru -04 0.4 -1.0 -1.3 0.0 0.7 -1.1 0.5
Trinidad and Tobago -0.3 04 0.9 0.2 0.9 0.6 -04 90
Uruguay -0.1 0.6 0.2 -0.1 0.8 0.9 -1.3 -0.1
Venezuela 0.0 0.8 -0.3 -2.5 0.5 0.5 -04 0/5

East Europe & CIS
Albania -0.8 0.0 -0.7 -1.5 0.3 0.5 -1.6 -0.6
Armenia -04 0.4 -0.3 -0.8 0.1 0.1 -1.3 0.3
Belarus 0.0 1.0 -0.2 -1.5 -0.6 -2.4 -3.2 0.b
Bulgaria 0.2 0.9 0.1 -0.7 0.5 0.7 -1.3 0.9
Croatia 0.3 1.1 -0.8 -0.7 -0.3 0.5 -1.2 0.8
Georgia -0.3 0.5 -1.3 -1.4 -0.6 0.3 -3.1 -0.1
Moldova -04 0.4 -0.7 -04 -0.5 0.3 -1.9 0.9
Romania -0.1 0.8 -0.8 -11 0.2 0.6 2.1 0.8
Russia 0.1 1.1 -04 -1.2 -0.1 -0.2 -1.9 0.6
Ukraine 0.0 0.8 -1.3 -1.2 0.3 0.2 2.2 0.5
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North Africa
Algeria -0.7 0.0 -0.5 -1.1 -2.5 -0.4 -1.2 -0.1
Egypt -0.2 0.5 -0.9 -0.5 -0.8 -0.9 -0.1 0.2
Morocco -0.9 -0.3 0.9 0.1 -1.0 -0.9 0.2 1.y
Tunisia -0.6 0.5 0.8 0.4 -1.4 -1.4 0.8 1.2
South-East Asia
China -0.5 0.7 | -0.2 -04 2.7 24 -01 1.0
Indonesia -0.8 0.0 -04 -1.1 -1.9 0.3 -0.3 0.0
Malaysia -0.1 0.8 0.9 0.3 0.1 0.0 1.7 2.0
Philippines -0.5 0.2 -0.5 -1.1 0.4 0.5 -0.3 1.1
Thailand -04 0.5 0.8 0.2 0.0 0.6 0.6 1.5
Vietnam -1.3 0.2 -2.2 -1.9 -25 -1.9 -0.3 1.5
Sub-Sahara Africa
Benin 2.1 -1.2 0.2 -0.8 0.6 0.6 -0.1 -0.4
Botswana -1.0 -0.1 0.7 0.7 0.2 0.5 0.7 0.8
Burkina Faso 2.2 -1.4 -0.9 -0.5 -1.4 -0.4 14 2-1
Cameroon -1.5 -0.6 -0.9 -1.5 -0.9 -1.1 -14 -0/5
Congo -15 -1.4 -1.5 -1.6 -0.1 -0.8 -0.2 1.4
Cote d'lvoire -1.1 -0.5 0.1 -1.2 -0.9 -0.5 -0.3 0.6
Ethiopia -1.9 -1.3 -04 -0.7 -1.8 -0.2 -1.6 0.8
Ghana -14 -0.8 0.2 -0.2 -0.8 0.5 -0.2 11
Guinea -2.0 -1.2 0.1 -1.3 2.1 -0.3 -1.3 -0.b
Kenya -1.1 -04 -0.1 -0.8 -0.7 0.5 -0.1 0.3
Madagascar -1.8 -1.2 -0.8 -0.9 0.3 0.5 -1.5 -0.2
Malawi -2.6 -1.4 0.0 -0.2 -14 0.3 0.2 0.7
Mali -2.3 -1.7 -0.5 -0.6 0.1 0.6 -0.3 0.8
Mozambique -2.3 -1.8 -0.7 -1.2 -1.3 04 0.0 21
Namibia -1.0 -0.2 0.8 0.7 0.5 0.3 1.2 1.5
Niger -2.3 -1.9 -0.8 -1.3 -0.4 0.4 -0.3 0.2
Nigeria -1.4 -0.6 0.0 -1.3 -2.0 0.3 0.6 0.9
Senegal -1.7 -1.0 0.1 -0.5 0.1 0.5 -0.5 0.9
South Africa 0.2 0.5 0.7 0.4 0.3 0.7 -0.3 1.0
Tanzania 2.1 -1.7 0.3 -04 -1.3 0.1 0.4 16
Togo -1.5 -0.7 -0.7 -1.8 -1.4 -0.9 -0.9 0.4
Uganda -1.7 -0.9 0.4 -04 -1.7 -0.7 -1.7 0.n
Zambia -1.6 -1.3 -04 -0.5 0.3 0.2 0.8 1.8
Zimbabwe -0.9 -0.1 0.2 -2.5 -0.8 -1.3 -0.9 1.4
Central Asia
Bangladesh -1.5 -0.5 -15 -2.0 0.6 0.8 -2.3 -0(7
India -0.9 -0.1 0.0 -0.1 0.4 0.6 -2.3 -0.5
Mongolia -0.8 0.0 0.4 -0.4 0.2 0.2 -0.1 1.8
Nepal -1.3 -0.6 -0.7 -1.1 0.3 -0.7 2.1 -0.9
Pakistan -1.3 -0.6 -04 -0.7 0.4 -1.4 -0.8 0.2
Sri Lanka -0.9 0.1 -0.3 -0.3 0.2 0.4 -0.4 0.2
Oceania
Papua New Guinea -1.6 -1.1 0.4 -0.1 0.6 07 0.7 2.3
Fiji -0.5 0.4 -0.1 -04 0.1 0.3 -0.2 0.2

Note: For definition of the variables see Table 1.
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