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Abstract

The debate around industrial policies is incredgisgifting from ‘why’ industrial policies to
‘what’, ‘when’ and ‘how’ these can be more effeelly designed and implemented.
Paradoxically, although industrial policies aredsfinition ‘selective policies’, we still lack an
appropriate set of industrial diagnostic tools Wwhgupport governments in the design and
implementation of ‘selective measures’ aimed at ghetoral restructuring and technological
upgrading of their country. The likelihood of gomarents achieving a specific set of macro-
policy goals (i.e. structural change) depends arirthapacity to understand, monitor and
influence productive capabilities dynamics undedyistructural change as well as on the
technological upgrading of the overall economicterys Productive capabilities refer to
personal and collective skills, productive knowledand experiences embedded in physical
agents and organizations that firms need to perfdifferent productive tasks; they need to
furthermore adapt and implement in-house improvesaeross different technological and
organizational functions. This paper provides aotégcal framework for the analysis of
productive capabilities and their role in structuwshange dynamics. On this basis, the paper
critically reviews various synthetic indicators ated by international organizations and
researchers in cross-country comparisons of progucapabilities, industrial as well as of
competitive performance. Finally, by identifying ethmethodological problems and
informational limits of the various indicators thare currently available and the need to adopt
multiple informational spaces, the paper introdueesiew methodology for mapping the
different drivers of structural change dynamics &rdmeasuring productive capabilities at the

national, industry and firm level.

vi



Introduction

Over the last two decades, industrial policy haslgally re-entered both the policy debate in
developed countries as well as that of developraeahomists and policymakers in developing
countries. The latter has been described by DadriRas a process of ‘normalizing industrial
policies’ (Rodrik, 2008). If industrial policieseiback on the government agendas of developed
economies, especially as a result of their diffieglin finding new roads to sustained growth,
developing economies, on the other side, are isuorgly looking at the possibility of
implementing industrial policies as a way of driyitheir structural change and catching up.
Since the onset of the financial crisis, the insieg interest in industrial policies also derives
from the resurfacing classical idea that the mastufang sector has a prior role in driving
productivity increases, while an ‘over-servitizatialin particular, ‘financialization’) of an
economic system might actually undermine its snatality and prospects of technological

upgrading (Pisano and Shy, 2009; for a review Aselreoni and Lopez-Gomez, 2011).

If the debate throughout the 1990s focused on étieai cases and historical evidence in favour
of/opposition to industrial policies, academicsaadl as international actors such as the United
Nations Industrial Development Organizations (UNID&e now focusing on the specific
problems associated with the design, implementatr@hevaluation of context-specific policies
for manufacturing development. In other words, thebate around industrial policies is
increasingly moving from ‘why’ industrial policigs ‘what’, ‘when’ and ‘how’ to design and
implement them more effectively. Paradoxicallyhatigh industrial policies are by definition
‘selective policies’ (Chang, 1994), we still lack appropriate set of industrial diagnostic tools
which support governments in the design and impigat®n of ‘selective measures’ aimed at
the sectoral restructuring and technological upggadf their country. The likelihood of
governments achieving a specific set of macro-gdiigals (i.e. structural change) depends on
their capacity to understand, monitor and influepiuctive capabilities dynamics underlying

structural change as well as on the technologiegtading of the overall economic system.

In fact, the transformation of the productive aedhinological structures of a given country,
namely its structural change, is triggered andedriby industry-specific learning dynamics
through which productive and technological captédi are generated and accumulated.
Productive capabilitiesrefer to personal and collective skills, produetiknowledge and

experiences embedded in physical agents and oegamg that firms need to perform different
productive tasks; they need to furthermore adagtieaplement in-house improvements across

different technological and organizational functon



Given the causational dynamics linking the develepimof productive capabilities with an
economic system’s process of structural changegdédsiggn and implementation of industrial
policies should result from a fruitful combinatiohstructural change analysis and the adoption
of productive capabilities indicators at the coynindustry and firm level. Being equipped with
a set of tools suitable for different units andelsvof analysis would allow governments to
develop policies whose selectivity would result woly from the fact that specific sets of
industries (and their firms as components) arecsadle but also from the fact that different
levels of policy intervention are taken into comsation. In other words, an enriched taxonomy
of the relevant drivers of structural change opegaat different levels of aggregation would

lead to an innovative taxonomy of industrial pagfor structural change.

The approach to and construction of productive biifias indicators results from the analytical
distinction of different classes of capabilitiesldrom understanding the role that these entities
play in production and structural change dynanii¢ge usual approach to production based on
functional models does not contribute to openingthg black box of productive capabilities
and, thus, to explaining and measuring their raglenain drivers of production dynamics and
structural changde The significant costs and difficulties in colliagt micro-level and sector-
specific data on firms’ productive, organizationahd innovation activities have also
discouraged the development of appropriate meammsmAs a result, although research in
economics, development, management and organiahttudies has increasingly emphasized
the central role productive capabilities play, bfstm a static and from a dynamic perspective,
we still lack a comprehensive analytical frameworigorous measurement tools and

diagnostics.

The aim of this paper is to provide a theoreticgalrfework for the analysis of productive
capabilities and their role in structural changeaiyics. Based on this, the paper critically
reviews various synthetic indicators adopted bgrimational organizations and researchers in
cross-country comparisons of productive capabdljtindustrial and competitive performances.
Finally, by recognizing the methodological problearsd informational limits of the various
indicators available and the need to adopt muliiplermational spaces, the paper introduces a
new methodology for mapping the different drivefsstructural change dynamics and for

measuring productive capabilities at the natioimalistry and firm level.

! This point was raised in the classical work by @se (1959) and Richardson (1960 and 1972). See
Georgescu-Roegen (1970), Landesmann and ScazZ&6) and Andreoni (2010) for a critical analysis
of the limits of standard models of production.



The methodology proposed in this paper mainly seba theoretically grounded quantitative
indicators. However, given the complexity and igihility of many of the aspects surrounding
capabilities — e.g. the learning processes thraugich they develop; the level of analysis at
which they can be observed; the sector specifiofty‘task performance’ profiles — our

methodology suggests combining and integrating tfaéime indicators with qualitative

information derived from firm-level case studiesdahistorical long-term analyses. The
identification of causal structures and specifiasaional chains resides in the possibility of

integrating multiple approaches through which défe forms of ‘evidence’ can be collected

The paper is structured as follows. The first sectdiscusses the importance of linking
structural change analysis with the study of préiglaccapabilities dynamics. By combining
different strands of research on capabilities, I#oaprovides an operational definition of
productive capabilities and a taxonomy for the dmwment of productive capabilities
indicators. The second section identifies the tvamapproaches that have been adopted at the
national level to measure productive capabilitindustrial and competitive performances. By
reviewing the different methodologies, theoretipamises and selected data, the third section
assesses their validity and limits in a comparapeespective. The third section also outlines a
new methodology for the study of productive captd at the national level and suggests two
main strategies for measuring and benchmarkingymtoge capabilities at a more disaggregated

level of analysis.

1. Structural change and productive capabilities gnamics

Different historical times and contexts have wisesk the emergence of different ways of
understanding development and, hence, the dominaihddferent theories, use of different
empirical tools and implementation of differentipms. Following a long period during which
the production side of development was disregar@@uang, 2010), the current debate in
development economics is gradually rediscoveringpesmf the issues that were central to
‘classical development economists’ like Prebiscirs¢chman, Myrdal and Kaldor as well as
‘structuralists’ such as Pasinetti, Syrquin, Leehtind Chenery. Recently, some attempts have
been made to combine these structuralist theofiesamomic development with Schumpeterian
evolutionary microeconomics (Nelson and Winter, 98nd the capability theory of the firm
(Penrose, 1959; Richardson, 1960). The integraton cross-fertilization among these

traditions in economic analysis appears extremetmgsing given their respective focus on

% The use of empirical evidence in the identificatif causal structures is discussed in Cartwrii@84).



demand-led structural change, supply-side techizdbgefforts as well as institutional
persistence and change (e.g. Cimoli and Porcil®92Cimoli, Dosi and Stiglitz, 2009;
McMillan and Rodrik, 201F)

An analysis of these emerging contributions revehit they all embrace the notion of
development a& process that links micro learning dynamics, emog-wide accumulation of
technological capabilities and industrial developitig(Cimoli, Dosi and Stiglitz, 2009:543).
On the one hand, this definition entails the exisée of acausational chainlinking the
productive capabilities dynamics at the micro-nffiand clusters of firms) and meso- (sub-
sectors and sectors) levels with the structurahgbalynamics of the overall economic system
(macro-level). On the other hand, this definitideoaleads to the analysis of another chain of
causation which moves from the macro- to the mesodtevels — i.e. sectors (and
firms/cluster of firms as their components). Thitela‘top-bottom’ causational chain refers to
the possibility of influencing and even directirge tprocess of productive capabilities building
and accumulation at the micro-meso levels throlghimplementation o$elective industrial
policies As defined by Chang (1994:60), industrial pokci@e policies ‘aimed at particular
industries (and firms as their components) to achidne outcomes that are perceived by the

state to be efficient for the economy as a wHole’

In order to understand how productive capabilitiggamics affect structural change dynamics
and the design of selective industrial policieg ihdividual causational chains linking micro,
meso and macro dynamics must be disentangled.ctn itas becoming increasingly evident
that new industrial diagnostics have to be devealogred theories translated into both practice
and specific recommendations if we seek to answemnly the question of ‘why’ industrial
policies, but also the ‘what’, ‘when’ and ‘how’ atéd to the specific problems governments
face in the implementation of effective industipalicies (Rodrik, 2004 and 2008; Chang and
Lin, 2009; Chang, 2010; Lin, 2010; Lin and Mong&12; Haraguchi and Rezonja, 2011;
Altenburg, 2011).

%It is far beyond the scope of this paper to revéew discuss the main potentials and problemsstiett
integration would imply from a theoretical and enwgal perspective.

* Historically and across countries, selective indaispolicies have been the main drivers of prdiaec
and technological capabilities building (Chang, 202009).



1.1 Structural change and manufacturing development

Structural change most commonly identifies the gsscof change of the sectoral composition
of an economic system and thus the underlying foamsition of its productive and
technological structures as well as demand conipogjPasinetti, 1981; Chenery et al., 1986;
Baranzini and Scazzieri, 1990; Andreoni and Scaizzmllf. Structural change dynamics
entail both a process séctoral transition- i.e. moving across sectors, from low to mediuh an
high productivity sectors — and séctoral deepening i.e. moving within sectors, from low to

high value added sub-sectors.

For a long time, the terrimdustrialization, understood as the transition from the agricultural
sector to the industrial sector (in particularrtanufacturing industries), was synonymous with
development. Participation in the global indusization race was consideredcanditio sine
qua non for achieving accelerated economic growth, indrepdabour productivity and
economic welfare. Historical evidence supported o manufacturing visién This notion
that development mainly occurs within a processstofictural change spearheaded by the
expansion of theindustrial sector found its first theoretical systematization in Atb

Hirschman’s and Nicholas Kaldor’'s seminal contribus.

In Hirschman’s (1958) unbalanced growth model esettor is linked with the rest of the
economic system by its direct and indirect interiaedpurchase of productive inputs and sales
of productive outputs — i.e. backward and forwanldges. Based on its system of linkages,
each sector (as well as sub-sectors and firms s ¢bmponents) exercises push and pull
forces on the rest of the economy. Unlike agriculture, itidustrial sector (specifically, a set of
manufacturing industries) is characterized by ®tbng backward and forward linkages and it

consequently emerges as the main driver of devedofm

® In this paper, the term sector is used to des@itmmomic activities at the level of agricultuneglistry
and services. Manufacturing belongs to the indalstsecondary) sector. The latter is composed afyma
sub-sectors including a number of manufacturingustides. The use of this terminology is consistent
with UNIDQ'’s terminology (e.g. Haraguchi and Rezan2011).

® As recently confirmed in Szirmai (2011), there@isempirical correlationbetween the dynamic growth
of manufacturing output (and manufactured expats) per capita income in the long run. See Szirmai
and Verspagen (2010) for a review and test of thpikcal evidence collected using growth accounting
techniques and econometric analysis.

" See Park and Chan (1989) for an input-output aimlgf intersectoral interdependencies and an
empirical assessment of Hirschman'’s theoreticahé&aork.

® The classical debate on agriculture vs manufamjutievelopment is discussed in Andreoni (2011).



Table 1 Long-term patterns of structural change

19508 1960° 1980 2005°
AG IND MAN SERV AG IND MAN SERV AG IND MAN SERV AG IND MAN SERV

Bangladeshd 61 7 7 3z 57 7 5 36 32 21 14 48 20 7 17 53
China 51 2 14 29 £ L 27 29 ETH 45 40 | 12 48 34 40
India 55 14 10 1 443 20 14 e 6 25 17 40 18 28 16 54
Indonesia 58 9 7 33 51 15 9 33 24 42 13 34 13 4 28 40
Malaysia 440 19 11 41 20 8 46 23 41 22 36 8 50 El1] 42
Pakistan 61 7 7 1z 46 16 12 38 30 25 16 46 21 n 19 51
Philippines 42 17 8 41 26 28 20 47 25 39 26 36 14 32 23 54
South Korea 47 13 g 41 35 16 10 43 16 37 24 7 3 40 28 56
Sri Lanka 45 12 4 47 12 20 15 45 28 a0 18 43 17 i 15 56
Taiwan 4 12 15 45 23 27 19 44 8 46 36 46 2 26 22 72
Thailand 43 15 12 37 36 19 13 45 3 24 22 48 10 4 35 46
Turkey 48 16 11 35 42 22 13 36 27 20 17 54 1n b 22 63
Argentina 16 33 23 52 17 39 3z 44 [ 41 29 52 ) 36 23 55
Brazil 24 24 19 52 21 37 30 42 11 - 31 45 6 30 18 64
Chile 15 26 17 50 12 4 25 47 7 7 22 55 4 42 16 53
Colombia 35 17 13 48 2z 23 16 46 20 32 24 48 12 34 16 53
Mexico o 2 17 59 16 21 15 4 ) 34 22 57 4 26 18 70
Peru 7 IR 15 35 21 32 0 47 12 41 20 45 7 a5 16 58
Venezuela g 48 11 45 7 43 11 50 [ 46 16 49 4 55 18 40
Congo, Dem. Rep. 31 34 9 35 27 35 15 35 46 27 7 28
Cote d'Ivoire 48 13 30 48 13 39 26 0 13 54 23 26 19 51
Ezypt 4 12 8 44 o 24 14 46 18 7 12 45 15 16 17 49
Ghana 41 10 49 41 10 48 58 12 8 30 7 25 a9 7
Kenya 4 17 11 39 318 18 a - 33 21 13 47 7 19 12 54
Morocco 37 30 15 13 12 2% 13 42 18 1 17 50 13 29 17 58
Migeria 68 10 2 22 64 8 4 28 21 46 8 34 23 57 4 20
South Africa 13 35 16 47 11 38 0 51 [ 48 22 45 3 n 19 G7
Tanzania 62 o e} 20 61 o 4 ] 12 46 17 7 7
Zambia 3 M 3 19 12 67 4 21 15 42 19 43 e a0 11 47
Averages

Asia 49 14 10 36 39 20 14 41 25 13 22 42 12 35 24 52

Latin America 22 I8 16 50 18 34 21 43 10 40 24 50 7 vl 18 56

Africa 4 19 9 36 w24 10 39 25 32 14 43 26 a0 12 45

Developing countries 4] 19 11 40 33 135 15 42 21 35 20 24 16 34 18 51

16 advanced economies® 15 42 31 43 10 42 30 48 4 36 24 59 2 28 17 70

Sources: See detailed discussion of sources in Szirmai (2009). The primary sources used are: UN, Yearbook of National Accounts Statistics, 1957, 1962 and
1967 Groningen Growth and Development Centre, 10 Sector Database, 2009, http:|fwww.ggdc.net/index-dseries.htm|; World Bank, WDI online, accessed
February 2009; World Bank, World Tables, 1980; Advanced economies, 1950, unless otherwise specified from OECD, National Accounts, microfiche edition,
1971, Japan 1953 from GGDC ten sector data base.

4 Earliest year for which data are available: 1950, except for Morocco, Taiwan and Thailand, 1951; China and Tanzania, 1952; South Korea, 1953; Malaysia
and Zambia, 1955; Ghana, Ivory Coast, 1960. Belgium, 1953, West Cermany. Italy and NMorway, 1951, Japan, 1952,

& China, 1962, proportions for 1960 not representative due to collapse of agriculture in great leap forward 58-60; Morocco, 1965, manufacturing share
Tanzania, 1961.

£ Canada 2003 instead of 2005; Venezuela 2004

4 Bangladesh 1950- 1959, same data as Pakistan.

® Australia, Avsiria, Belgium, Canada, Denmark, Finland, France, (West) Germany, Italy, Japan, The Netherlands, Norway, Sweden, Switzerland, UK, USA

Source Szirmai (2011).

Building on the classical work on increasing retuby Allyn Young (1928), Kaldor (1966)
developed the concept dfnamic economies of scaidnich captures the idea that the faster the
growth of output in manufacturing industries, thastér the growth of manufacturing
productivity’. In Kaldor’s view, the rate of the overall econdsngroductivity growth depends
on the expansion of the manufacturing sector a$ agbn the shrinkage of agriculture and

other non-manufacturing industries such as seryviaddgch are characterized by decreasing

° The different sources of increasing returns idintiin the classical line of Smith, Babbage, Youmgl
Kaldor are discussed in Andreoni and Scazzieri {20%ee Toner (1999) for a review of Kaldor's laws
and their contribution to Cumulative Causation Tiyeo



returns and contained productivity growth, respetyi Thus, specialization in manufacturing

industries would imply a double productivity gain.

The pro-manufacturing vision was heavily criticizsuaring the 1980s and was fully abandoned
the following decade when the pro-services visiendme dominant. Theoretical explanations
for the rising share of services associated withnemic growth primarily focused on final
expenditure patterns and prices — i.e. demandfaaers. The basic intuition is that as people’s
income increases, they begin to demand more servide drop in demand for manufactured
goods, so the argument goes, results in the shgnéf the manufacturing sector, which is
declassed to a second rate activity, especiallyoimtries in advanced stages of development.
This new vision was supported by the fact thatsthrrices sectgorima facieassumed the role
of manufacturing in leading the process of econogmmwth in both advanced and in some
developing countries. As a result of an accelergtextess of de-industrialization, the most
advanced economies have, since the 1960s, lody redf of their manufacturing sector as a
percentage of GDP on average (see Figure 1). Meredt has been argued that several
developing countries (India is often taken as agigmatic example) are in fact experiencing a
historically unusual pattern of structural changaiclh is determined by a new technological
paradigm. According to this explanation, servicashsas ICTs, business services and finance

are replacing and (more likely) complementing mantifring in a pro-growth way.

Although the pro-services vision continues to pilevaridwide, increased attention in the
development economics debate has been paid to awnrhg over the last decade, as pressure
on issues such as the loss of production jobs,dbsgtional level productive capabilities in
advanced economies, loss of competitiveness vis-foreign competitors and trade imbalances
has been rising. Indeed, an increasing number alfysts has begun raising the question ‘Has
de-industrialization gone too far?’ and ‘To whatest and in which direct and indirect ways
does manufacturing contribute to the developmersgenfices (andice vers?'! In order to
answer these questions, an increasing number ofoetiets have recently refocused their

attention on structural change dynamics and haugptamented their research with, firstly, the

19| ess emphasis has been given to the fact that algimgl countries may be running the risk of
premature de-industrialization which would undemnitheir capacity to satisfy future changes in
consumer demand or to accumulate/build those ptiv@ucapabilities and institutions that characterdz
manufacturing-led pattern of growth. See Palma %$2Ghd Andreoni and Lopez-Gomez (2011) for a
critical review of this debate.

1 See Andreoni and Lopez-Gomez (2011) for an armlybithe manufacturing versus services debate.
The paper discusses how the bundle of interactishieh connects manufacturing and services is
becoming increasingly denser given the outsouroaihgervices activities from manufacturing firms to
services providers in GVCs.



microeconomic analysis of firm-level learning prsses through which productive capabilities
develop and, secondly, with the study of a set afious institutional/organizational
configurations (e.g. clusters, knowledge systenational systems of innovation) that may
trigger and/or enable processes of productive dhgadbuilding. As for the latter issue, that is,
enabling institutional/organizational configuratonan excellent theoretical assessment is
provided by Bell and Albu (1999), while O’Sullivg@011) offers a comprehensive review of

international approaches to manufacturing research.

1.2  The economics of capabilities: A critical revi@ and taxonomy

The concept of capability ‘floats in the literatuike an iceberg in a foggy arctic sea, one
iceberg among many, not easily recognized as diffefrom several icebergs nearby’ (Dosi et
al., 2000: 5-6). The main reason why the econoroifcsapabilities lacks a comprehensive
analytical framework is that capabilities — genlgrdefined as capacities to act in an intentional
way — have been described by very different adfansl their different actions and functions,
see section 1.2.2): frommdividual agentssuch as entrepreneurs, workers and bureaucrats, to
collective entitiesorganizations and institutions, such as firmslosters of firms. For example,
Moses Abramovitz (1986) introduced the conceptamfiad capabilities at the country level to
capture those ‘tenacious societal characteristicet’ influence the responses of given societies
to economic opportunities. In developing the catghip hypothesis, Abramovitz equates social
capabilities with managerial and technical compaten but more crucially with a set of
political, commercial, industrial and financial fitstions owned by countri&s This systemic
concept of capabilities has also been re-propasegrious contributions on regional/national
technological capabilities or innovation systemallL1992), as well as in recent literature on

business environment and industrial commons (PiaaddShy, 2009§.

The present paper focuses on the analytical aseessand measurement of productive
capabilities at different levels of aggregationmedy the ‘national level’, the ‘sector and sub-
sectors level' (in particular, manufacturing indiet) and the ‘firm level’. The following

sections introduce the so-called ‘capability theafythe firm' in which the concept of

12 See also the recent contribution by Pritchet.eihavhich a similar concept is adopted in thelgsia

of ‘state capability traps’ (Pritchett et al., 2010

13 Although it is far beyond the scope of this pameconcept of consumer capabilities can be ideutifi
by combining Sen’s (1985) seminal work on commaeditind capabilities and Pasinetti’'s (1981) work on
consumer learning and the qualitative and quaiviatxpansion of demand.



productive capabilities is rooted and, secondlgppse an operational definition and taxonomy

for the analysis of productive capabilities.

1.2.1 The capability theory of the firm

In the Coasian theory of the firm (Coase, 1937)pdoction costs determine the technical
substitution choices [while] transaction costs datee which stages of the productive process
are assigned to the institution of the price systard which to the institution of the firm’
(Langlois, 1998: 186). Thus, the firm emerges as rtfore convenient way of realizing the
production process which is the lowest cost opfiimrobtaining control over the relevant cluster
of capabilities needed. On the other hand, as itesbby Edith Penrose (1959), creating a firm
may not simply be a way of reducing transactiortg;dsut may denote the highest value option
for the creation and development of capabilitiemnBse’s (1959:149) definition of the firm as
‘a pool of resources the utilization of which isganized in an administrative framework’

constitutes the original foundation of the capapileory of the firm.

The firm is a collection of physical and hun@sourceswhich can be deployed in a variety of
ways to provide a variety of productigervicesIn fact, ‘the services yielded by resources are a
function of the way in which they are used — exattite same resource when used for different
purposes or in different ways and in combinatiothwdifferent types or amounts of other
resources provides a different service or set ofices’ (Penrose 1959: 25). The growth
process, in the Penrosian framework, is realizenlutih the firm’s recognition and exploitation
of productive opportunities specifically of ‘all of the productive possibiis that its
entrepreneurs see and can take advantage of’ $#erir®59:31). As Best (1999:108) points out,
‘productive opportunities link the firm to the caster in an interactive relationship in which
new product concepts are developed. The advangeeductive services can extend the firm's
productive opportunities by enlarging the membeegacity to recognize and respond to new

product concept possibilities in the environment’.

By developing the Penrosian theory of the firm dndlding on his classical contribution
Information and Investmer{l960), George B. Richardson was the first toomhtice the term
capabilities to economics. Maintaining the anabftidistinction between productive resources
and productive services, Richardson (1972:888)riesindustries and their firms as entities
in which a large number of activities are carriad through the adoption of an appropriate

cluster of productive capabilities.



‘It is convenient to think of industry as carryirmgit an indefinitely large
number of activities, activities related to the cdigery and estimation of
future wants, to research, development, and degigiihe execution and co-
ordination of processes of physical transformatitve, marketing of goods,
and so on. And we have to recognize that thesgitaesi have to be carried
out by organizations with appropriatapabilities or, in other words, with
appropriate knowledge, experience, and skills.’

Richardson’s definition stresses how the conceptapfbilities refers to a form &how-how
namely ‘appropriate knowledge, experience andsskiiat cannot be reducedknow-that The
reason is that productive capabilities imply tagacity to apply the know-thateded to obtain

a given intended result (Loasby, 1999Yhis know-how evidently emerges and accumulates
through a continuous process of trial and errderpretations and falsifications on the basis of
an experimental and pragmatic approach to theisohitof technological and organizational
problems in production — i.dearning processegArrow, 1962; Rosenberg, 1976, 1982 and
1994; Andreoni, 2010). The learning processes tilvowhich capabilities develop are
cumulative in the sense that ‘the acquisition oftaie kinds of know-how facilitates the
acquisition of further knowledge of the same kiadg impedes the acquisition of knowledge of
incompatible kinds’ (Loasby, 1999:58).

The specific way in which capabilities are builidaaccumulated has two main implications.
First, firms tend to specialize in the executionaofertain set of interrelated productive tasks
(i.e. similar activitieg that require the availability of a limited set dipabilities. Secondly,
firms need to not only know how to perform certpioductive tasks, but also how to get others
to perform productive tasks for them. Firms canirextly acquire capabilities through two
major means: either by gainiregntrol of other capabilities (e.g. through the institatiaf the
firm or through inter-firm cooperation) or by obtaig accessto them (e.g. through the
institution of the marketj. Thus, as shown by Richardson (1972), capabildiggmics are at

work at the very basis of tlwrganization of industry

* The need to identify the set of feasible operatimnproduction processes given a set of existimgk
capacities' or capabilities has also been stress&dazzieri (1993); Landesmann and Scazzieri (1996
Andreoni (2010).

®As Marshall (1920) notes, evolution through theision of labour tends to favour both greater
specialization (increasing capabilities) and closgegration (an increasing number of institutional
devices to coordinate capabilities and activiti#$)is idea was complemented by the famous aphdrism
A. Young (1928) according to which ‘the division labour depends upon the extent of the market, but
the extent of the market depends upon the divisfdabour’. This means that ‘an increase in thekegr
triggers further specialization which is a proctest simultaneously increases the size of the mdoke
specialist skills and activities’ (Best 1999:10Thus, the division of labour is the fundamentalnpise
for a process of specialization and to more effetjiincrease capabilities.
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1.2.2 Productive capabilities: An operational defiition and taxonomy

The execution of different technological and orgatibnalfunctionsand productiveactivities

by a given firmrequires a set of relevant capabilities. Specificaach function entails the
execution of a certain number of activities (aasksas their components). These functions and
activities are, of course, industry-specific aslvesl process and product-specific. The reason
why a multitude of concepts of capabilities hasnbeeoposed is that each theoretical and
empirical contribution has formulated a new setcohcepts according to (i) the specific
functions or activities focused on; or (ii) the tataversus dynamic role played by the
capabilities under consideration. For examplettierfirst criterion, the technological capability
matrix proposed by Sanjaya Lall (1992:167; see § &)l systematizes firm-level capabilities
according to different functional areas (e.g. psscand product engineering) and the degree of
complexity of different activities (from simple rines to innovative activitie¥) Based on this,

three main sets of capabilities have been idedtlieLall:

(1) Investment capabilitieshose capabilities needed to identify, prepabtgio technology
for, design, construct, equip, staff and commissiarew facility (or expansion);

(2) Productive capabilitiesthe skills involved in both process and produagieeering as
well as the monitoring and control functions inaddunder industrial engineering;

(3) Linkage capabilitiesthe skills needed to transmit information, skélsd technology to,
and receive them from, component or raw materigbpkers, subcontractors,

consultants, service firms and technology institsgi

Applying the second criterion, Bell and Pavitt (39@listinguish capabilities used to produce
industrial goods at a given level of efficiency agiden input combinations (static perspective)
from those needed to discover, absorb, adapt amchgeh productive and organizational

techniques (dynamic perspectie)

' The work by Dosi, Nelson and Winter (2000) focusesthe non-reducible and collective nature of
some of these productive capabilities. Thus, thghlight the fact that productive capabilities arened
more by organizations than by their individual mengb The concept of organizational capabilitiey the
propose seeks to capture the different dynamigsoresble for: firstly, the spontaneous emergence of
routinesvis a visthe intentional development of organizational cél@s; and secondly, the process
through which a certain productive capability beesmoutinized andjice versaa routine emerges as a
distinctive organizational capability.

" The same focus on a specific subset of produataabilities, namely those required to manage
technological change, can be found in the operati@magement and business studies literature. The
concept of capabilities introduced therein is tbatdynamic capabilitiesthat is, ‘firm’s ability to
integrate, build and reconfigure internal and exdércompetencies to address rapidly changing
environments’ (Teece et al., 1997: 516). This detapabilities is crucial in explaining differencas
firms' competitive advantages, as it refers togpecific capacity of the firm to balance continuity.e.
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Table 2

Lall's matrix of technological capabilities

FUNCTIONAL

(Research based)

design and supply

research

research

licensing own
techiology 1o others

INVESTMENT PRODUCTION
LINKAGES
PRE PROJECT PROCESS PRODUCT INDUSTRIAL WITHIN
INVESTMENT EXECUTION ENGINEERING ENGINEERING ENGINEERING ECONOMY
B SIMPLE ., Prefeasibility and Civil construction, Debugging, Assimilation of Work flow, Local procurement
D : ROUTINE feasibility studies, ancillary services, balancing, quality  product design, scheduling, time-  of goods and
5 1 (Experience site selection, equipment control preventive  mineor adaptation motion studies. services,
R C based) scheduling of erection, maintenance, to market needs Inventory control  information
E 1 investment commissioning assimilation of . exchange with
E N process technology suppliers
o IT_ ADAPTIVE Search for Equipment Equipment Product quality Monitoring Technology transfer
F R DUPLICATIVE technology source. procurement, stretching, process  improvement, productivity, of local suppliers,
c M (Search based) Negotiation of detailed adaptation and cost licensing and improved coordinated design,
o E contracts. cngineering, saving, licensing assimilating new coordination S5&T links
M Bargaining training and new technology imported product
'; A suitable terms. recruitment of technology
3 (] g kil .
E v Info. systems skilled personnel
Ix A INNOVATIVE Basic process In-house process In-house product Turnkey capability,
T :‘ RISKY design. Equipment  innowvation, basic innowvation, basic cooperative R&D,
¥ E
(&}

Source Lall (1992:167).

Building on a critical analysis of the main theaat and empirical contributions in the
capabilities field®, the present paper proposes the following operatidefinition of productive

capabilities.

Productive capabilitiesare personal and collective skills, productive Wleglge and
experiences embedded in physical agents and oejmmg needed for firms to perform
different productive tasks as well as to adapt andertake in-house improvements across

different technological and organizational functon

From a ‘static efficiency’ point of view, producévcapabilities are skills, experiences and
productive knowledge that agents require to choostall and maintain capital goods; operate
technical and organizational functions; and perfand monitor the execution of a set of
interdependent productive tasks given certain tme scale constraints. In fact, performing a
set of interdependent productive tasks does not mduire capable agents, that is, agents
endowed with productive knowledge and relevantlskibut the establishment of a certain
production capacityas well, that is, o& scale-appropriate assortment of equipment, magkin

and other capital gooddn fact, the consideration of productive capébsi independently of a

execution of invariant processes — with changee- transformation of capabilities, given a certain
exogenous shock.

8 The main roots of the literature on which the mgd definition of productive capabilities is basad

be found in the empirical research conducted innLAimerica in the 1970s — i.e. the so called ‘Katz
Programme’ — and in the research work of Sanjayaih.éndia. See also Stewart and James (1982)z Kat
(1987); Dahlman et al. (1987); Lall, (1987 and 19®&ll and Pavitt (1993); Romijn (1999); lammarino
et al. (2008).

12



firm’s production capacity would undermine the fd#wt, according to the production capacity
installed, different combinatorics of ‘productivapabilities — functions/activities/tasks’ are
actually feasible (Andreoni, 2018) Clearly, the expansion of the productive capaocitya
given firm results from strategic investments impital goods such as machines, equipment,

hardware and software.

From a ‘dynamic efficiency’ perspective, the absiom adaptation and improvement of given
productive techniques, as well as innovations acdifferent organizational and technological
functions, mainly depend on the availability ofpesific subset of productive capabilities called
technological capabilitiesCapabilities needed to generate, absorb and reatg@tpnological
and organizational change may differ substantifityn those needed to perform in existing
production systems. Although this distinction may useful as a focusing device, it tends to
underestimate the fact that technical change, &dpei the form of small improvements,
takes place throughout the entire production pees in all functional areas and thus requires
the activation of all kinds of productive capalp#it. This implies that although some productive
capabilities — i.e. what we call technological dzifiges — represent the main drivers in the
process of technological and organizational chatigey are not the only set of capabilities
these processes require. In other words, it woaldhisleading to believe that ‘labs’ and ‘R&D
departments’ where technological capabilities assygmably concentrated are the unitpe

of technological and organizational change. In,fasteconomic historians (Schumpeter, 1934;
Rosenberg, 1976, 1982 and 1994; Kline and Rosenb®8$) have shown, the accumulation of
productive capabilities (and, in particular, offirological capabilities) results from deliberate
in-house efforts as well as cumulative processedeafning by doing by using and by
interacting realizing the first investment and product despgjrase all the way up to the

organizational and production phaSes

To visualize the different classes of productivpatalities which allow firms to operate across
different functional areas and to perform produetiwd technical change activities, we develop
a detailed taxonomy (see Table 3). The taxononsfrigctured on two main axes. The vertical
axis identifies differenfunctional areaswhile the horizontal axis distinguishes betweetst |
of productive activities(static perspective) and a list of specifexhnical change activities

(dynamic perspective) for each functional areadissussed, technical change activities require

19 Andreoni (2010) develops a ‘capability theory abguction’ in which capabilities concepts are
embedded in a structural analysis of productiorcgsees.

%0 See also Andreoni (2010) on the concepstifictural learning’, that is, the process of reconfiguring
the analytical map of production relationshipsgeged by complementarities discovery in historizak.
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a specific subset of productive capabilities, ngntabse technological capabilities that are

necessary (albeit not sufficient) to change the imayhich productive activities are performed

in each functional area. The proposed taxonomy sltemls some light on the fact that few

productive capabilities are function-specific anctivaty-specific, but more importantly, it

suggests that even performing the simplest prodeictictivities very often requires the

activation and matching of interdependent clustérproductive capabilities. In other words,

taxonomies should not fix specific sets of prodeectcapabilities in one exclusive functional

area.
Table 3 A taxonomy of productive capabilities
Functional areas
1.Investment 2.Product 3.Process 4.Production 5.Linkage and
design organization process cooperation
Productive | Feasibility studies Replication of fixed Production Work flow Exchange with
L. specifications and planning and scheduling and suppliers
activities: designs control monitoring
Negotiations and Standard design International Manufacture of Horizontal
bargaining suitable | for manufacturing certification components cooperation across
terms and (ISO 9000) firms
conditions
Equipment and Development of Automation of Sub-assembly and Distribution and
machinery prototypes processes assembly of marketing
procurement components and
final goods
Recruitment of Adoption of Stretching, control After sale services
skilled personnel modern and maintenance
organizational of machinery and
techniques (e.g. equipment
just in time and
total quality
control)
Flexible and multi- Inventory control
skilled production
Architectural Productivity and
services quality control
Technical | Search for Adaptations to Selection of Efficiency Technological
technology sources product technology | technology and improvement in transfer and S&T
change driven by market organizational tasks execution linkages
S needs and formats development
activities: requests
Equipment design Improvement of Minor changes to Improvement and Coordinated R&D
and adaptation product standards process technology | cost savings in and joint ventures
and quality to adapt it to local machinery and
conditions equipment
Engineering Development of Improvement and Inverse Licensing own
training complementary development of engineering and technologies to
products (e.g. new organizational development of others
embedded techniques machinery
software) or
components
Joint ventures R&D into new Improvement to
product generation layout
R&D (basic) into Process oriented
new materials and R&D (basic) for
new specifications radical innovation
Source Author.
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1.3  Causational chains: A synthesis

The analysis developed in the previous sectiomtsdtam the recognition that a specifiausal
structureexists which links productive capabilities dynasnat the micro-meso levels with the
structural change of the overall economic systemdirctive capabilities dynamics are clearly
not only responsible for sectoral transition (fragriculture to manufacturing and services), but
also for sectoral deepening, that is, for technokdgupgrading and the subsequent increase of
productivity within each sector (as well as withihe subsectors, in particular, in the
manufacturing industries). The difficulties in idi#éying the broader causal structure as well as
disentangling the complex causational chains ligkimcro-meso and macro-level processes are

attributable to two main facts.

Firstly, causational chains are not linear. Attiero- (firm) and meso- (sector and sub-sectors)
levels, productive capabilities interact in a clecuand cumulative process of mutual

reinforcement in which the introduction of new puotive techniques leads to new productive
activities and opportunities of consumption thatiurn, spur new technological innovations and

eventually trigger processes of sectoral deepeminigsectoral transition (see Figure 1).

Secondly, the process of productive capabilitiesldg and accumulation has to be
complemented by a congruent expansion of the ptmgucapacity. For example, if a firm in a

given economic system undergoes a process of pieducapabilities building and

accumulation, and intends to fully realize it, illvmave to make strategic investments for the
expansion of its production capacity. The reason thie increasing availability of productive

capabilities has to be matched with an expansiothefproduction capacity is that if the
production capacity is not adjusted accordingly finm will be constrained by the material
structures of production (such as a given assottoEmachines, equipment, hardware and
software), the emergence of organizational andntolgical bottlenecks and the changing
inter-firm vertical and horizontal relationshipde@rly, the lack of coordination among different
but interdependent investments in production cépaeipansion and productive capabilities
building may prevent processes of sectoral deegeana/or sectoral transition, especially in the

context of catching up economies.
To realize each specific dynamic process presentede boxes in Figure 1, as well as each

causational chain linking them, specific industdagnostics have to be developed. The set of

methodologies presented in this paper (part IB)fast attempts in this direction.
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Figure 1 Causational chains

Learning dynamics
Productive capabilities building
and accumulation

(FIRM/S LEVEL)

leha Investments
Structural change Production capacity expansion
Sectoraltransition (FIRM/S LEVEL)

‘across’sectors/industries

Structural change

Sectoraldeepening

‘within'sectors/industries

Source Author.

2. Measuring productive capabilities at the natioal level: A menu for choice

The first national science and technology (S&T)idatbrs were developed in the United States
in 1973. Early indicators were mainly focused opuitibased variables, while they were weaker
on the output and impact sides (Grupp and Moge@}2n the same period, from the 1970s to
the 1980s, national reports were produced by Ukntaay, France, Japan, Austria, Italy, the
Netherlands and Scandinavian countries, and |atéowfed by Eastern European countries.
Among them, the Japanese NISTEP (National Instibit&cience and Technology Policy)
developed ‘cascade models’ to integrate S&T indisads well as experimental factor analysis
(Kodama, 1987). Among international organizatiddECD made an important contribution by
making statistics and indicators comparable amoamber states, with the celebrata@dscati
Manualand, later, with th®©sloandBogota Manual§OECD, 1992, 2002 and 2006)

Many of thesenational level indicatorshave been developed for different goals, from S&T
assessment to innovation and competitiveness asfalyghe menu of indicators reviewed here
is constructed by selecting those indicators wiaigpear to be more suitable for capturing the
level of productive and technological capabilit®fsa given country as well as those indicators
that refer to a broad sample of low, middle anchhigcome countries. Two main approaches
exist to measure and/or proxy national-level préideccapabilities:

21 Other reviews of these indicators are proposestdhibugi and Coco (2005) and in Archibugi et al.
(2009a).
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2.1

211

Q) The first group of indicators (detailed in sectld and subsections) consists of
country-level indicators which combine informatipnmarily extracted from
input-based variables, as well as in some casesn & few output-based
variables. Apart from a few exceptions, these iatdics tend to be
methodologically homogenous and recur in similaad@urces. A comparative
analysis across indicators (e.g. data sources,tiesirand time coverage) is

presented in section 2.2.

2) The second group of indicators (detailed in sec®i@®) comprises what we call
‘trade-based indicators’. These indicators weremdg developed as indirect
measures of country-level productive capabiliti@bey infer country-level
productive capabilities on the basis of the degfeeomplexity/sophistication

of the products exported by countries in globaldra

Country-level productive capabilities indicates, competitiveness
assessment and cross-country comparisons

The Global Innovation Scoreboard (EU Commissn)

Summary Innovation Index (SlI)

(Synthetic index - European Innovation Scoreboard)

The SII was developed and has been computed sio@@ @s part of the European
Innovation Scoreboard. It is estimated as an astlommean of the 25 normalized
values obtained from 25 sub-indicators. All 25 gadors have been assigned the same
weight. These indicators include variables whiclcoant for innovation inputs
(innovation driver, knowledge creation, innovati&rentrepreneurship) and innovation
output (application and intellectual property). ®atre collected for 34 countries and

integrated by the Community Innovation Survey (CIS)

Global Summary Innovation Index (GSII)

(Synthetic index - Global Innovation Scoreboard)

In 2006, the GSII was introduced to compare thed@#htries included in Sl with other
major international competitors (other 14 major R&@rforming countries in the
world). The GSII includes five composite sub-indara covering the five dimensions

applied in SlI: innovation inputs (innovation driyé&nowledge creation, innovation &
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entrepreneurship) and innovation output (applicatamd intellectual property). See

section 2.2 for a detailed analysis of variabletuded and data sources.

* New Global Summary Innovation Index (newGSillI) - 280
(Synthetic index — New Global Innovation Scorebo&ts 2008)
The new Global Innovation Scoreboard 2008 (GIS,8208xplores the innovation
performance of the EU-27 and other major R&D spende the world: Argentina,
Australia, Brazil, Canada, China, Hong Kong (SAR{lia, Israel, Japan, New Zealand,
Republic of Korea, Mexico, Russian Federation, 8puge, South Africa and the
United States. The GIS 2008 methodology includes mdicators of innovation and
technological capabilities, grouped in three mameahsions (pillars) and weighted as
shown in Table 4. For each pillar a composite iatlic is obtained as the simple
average of the sub-indicators. The GIS 2008 has bakulated relative to 1995 and
2005.

Table 4 The Global Summary Innovation Index, 2008

Contribution
to the total
Pillar Indicator GIS value
Triadic patents per population (3 years average) 20%
Firm Activities and Cufputs (40%)
Business R&D - BERD - (% GDP) 20%
S&T tertiary enrolment ratio 7.5%
Labour force with tertiary education (% total labour force) 7.,5%
Human Resources (30%)
R&D personnel per population 7,5%
Scientific articles per population 7.5%
ICT expenditures per population 10%
Infrastructures amd . .
Absorptive Capacity (30%) Broadband penetration per population 10%
Public R&D - (HERD + GOVERD) - (3% GDP) 10%

Source Archibugi et al. (2009b); European Commission (2@hd 2011).

All indicators in the GIS are indicators of inteysiall values are weighted to account for the
different size of nations. All variables are norinadl on a scale from 0 to 1, and countries are

ranked on an ordinary scale.

2.1.2 Science, Technology and Industry Scoreboa(@ECD)

The Science, Technology and Industry Scoreboard) (&3S been published every other year
since 1981. The last STI scorecard published iN92@ECD, 2009) includes 35 countries
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(OECD countries and major non-OECD countries, rgt&éyazil, Russia, India, China and

South Africa). The scorecard provides detailed tydevel measures in the areas of R&D and
innovation, human resources in science and tecgmolknowledge and skills), patents and
other IPRs, ICT infrastructures, knowledge flowsbended in trade and investment and the

impact of knowledge in productive activities.

2.1.3 Knowledge Assessment Methodology (World Bahk
The Knowledge Assessment Methodology (KAM) is tkettistical package developed by the

World Bank for cross-country comparisons on variasgects of the knowledge economy. The
most recent version (KAM, 2008) provides comparsstor around 140 countries based on 83
structural and qualitative variables grouped inrfouain dimensions (pillars). All variables are

normalized on a scale from 0 (weakest) to 10 (gist), and all countries are ranked on an
ordinal scale. The four pillars are presented ibld@d. Measures of individual indicators are

summarized through radar graphs for cross-coumtnyparisons (see Figure 2 for an example).

Table 5 The KAM basic scorecard

Pillar Indicator
Economic and « Tariff and non-tariff barriers
institutional regime - Regulatory quality
« Rule of law
Education and skill of - Adult literacy rate
population - Gross secondary enrollment rate

- Gross tertiary enrollment rate

Information infrastructure  + Telephones per 1,000 people
« Computers per 1,000 people
- Internet users per1.000 people

Innovation system « Royalty payments and receipts,
USS per person
« Technical journal articles per
million people
- Patents granted to nationals by
the U.S. Patent and Trademark
Office per million people

Source World Bank (2009:3).
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Figure 2 A radar graph comparison, KAM (2007)

Figure 2. Basic Knowledge Economy Scorecard for China (=== and India (=)

Annual GDP growth (%)
T Human Development Index
—_— —

Internet users per 1,000 people

Computers per 1,000 people Tariff and non-tariff barriers

Regulatory quality

W Rule of law

Royalty payments and receipts (US5/pop)

Total telephones per 1,000 people

Gross tertiary enrollment rate

Gross secondary enrollment rate

Adult literacy rate (% age 15 and above) — _,/— Technical journal articles/mil. people

Patents granted by USPTO/mil. people

Comparison group: All countries; Type: weighted; Year: most recent (KAM 2007—www.worldbank.org/kam)

Source World Bank (2009:3).

« Knowledge Economy Index (KEI)
(Synthetic index — Knowledge Assessment Methodglogy
The most known composite indicator included in Ki#eM is the Knowledge Economy
Index (KEI). This index is obtained as the simplerage of the normalized values of
the 12 indicators listed in Table 4. The closer iid score is to 10, the higher the
amount of good ‘knowledge pillars’ in the respeetaconomy. Over time, comparisons

are possible for two points in time: 1995 and tlestmecent year covered.

2.1.4 Competitiveness indexes (World Economic Fonu)

The competitiveness indexes promoted by the WorddnBmic Forum have been widely
publicized by mass media, although in-depth angaliisis revealed the existence of flaws and
inconsistencies (Lall, 2001; Godin, 2004). The Wadfines competitiveness as ‘the set of
institutions, policies, and factors that determihe level of productivity of a country’ (WEF,
2008:3). The determinants/components of competidge are grouped in the ‘12 pillars’
scheme (Table 6).
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Table 6 The ‘12 pillars’ of competitiveness (WEF, @08)

Basic requirements

= Institutions Key for

* Infrastructure factor-driven
= Macroeconomic environment economies

-

Health and primary education

Efficiency enhancers
Higher education and training
Goods market efficiency
Labor market efficiency
Financial market development
Technological readiness
Market size

Key for

efficiency-driven
economies

L I I I N )

Innovation and sophistication factors |
= Business sophistication
= Innowation |

Key for

innovation-driven
economias

b

Source WEF, 2008.

It is beyond the scope of this paper to reviewralexes used and the different methodologies
adopted for each pillar since the first Global Cefitiveness Report was published. This
section focuses on a selection of indexes developezhpture productive and technological
capabilities at the country level and on outlinitig methodology developed for the New
Global Competitiveness Index (WEF, 2008).

e GroCl — Growth Competitiveness Index (WEF)

Sub-indicatorTechnology Index (Tech)

GroCl was introduced in 2001/2002 to capture groptientials of countries in the
medium term. It was based on three macroeconomilargi quality of the
macroeconomic setting, robustness of public instiis and technological innovation
capabilities. The last dimension is captured by she-indicatorTechnology Index
(Tech)which consists of three technological variablagoivative capabilities, diffusion
of new ICTs and technology transfer. The latterialde, captured by non-primary
exports, is only considered for non-core econommasjely those with less than 15 US
patents per million population. The Tech Index basn calculated for 125 countries
based on both hard and soft data (Global Competiéss Report, GCR 2006-2007
edition). See section 2.2 for a detailed descniptid variables included and data

sources.
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¢ GloCIl — Global Competitiveness Index (WEF)
Sub-indicatorTechnological Readiness Index (TechRead)
Sub-indicatorTechnological Innovation Index (Techlnnov)
The second composite indicator, GloCl, was firstifroduced in the GCR 2004/05
edition. It is composed of approximately 89 indizat subdivided in three sub-groups:
a) basic requirements; b) efficiency enhancers; @ndhnovation and sophistication
factors. Different aggregation methods are adogimd these sub-groups and in
accordance with the given country’s developmenttajes Countries at the initial stage
of development assigned the following normalizedgeto the sub-groups: 0,5 - 0,4 —
0,1; countries at the intermediate stage: 0,4 —0051; and countries at an advanced
stage: 0,3 — 0,4 — 0,3. Per capita GDP definesréifit countries’ stage of development.
Data are drawn from both secondary sources asagsethe WEF Executive Opinion
Survey. The GloCl index is based on 9 pillars: itosbns, infrastructure,
macroeconomy, health and primary education, higftiercation and training, market
efficiency, technological readiness, business stightion and innovation. The seventh
and ninth pillars, namely those which strictly refe technological capabilities, are
captured by the TechRead and the Techinnov indé&®s.section 2.2 for a detailed

description of the variables included in these indexe$’.

¢ New Global Competitiveness Index (NGCI)
The New Global Competitiveness Index was introdundatie WEF Report 2008-9 with
the explicit aim of replacing the two main indexiscussed above with a single fully
integrated index. The majority of individual indioes used in the previous indexes
have been incorporated into the new index. Howetlex, way in which they are
combined has changed drastically on account ofatt@ption of a new ‘hierarchical
model’ for the assessment of competitiveness (sédeT7) and more rigorous statistical
methodologies (see Table 8). Theadased for the development of the NGCI cover 130
countries for up to 7 years (2001-07).

22 See also the WEF (2011) Appendix A: Computatiod atructure of the Global Competitiveness
Index.
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Table 7 The New Global Competitiveness Model

1 New Global Competitiveness Index

Macroeconomic competitiveness (MACRO)

Microeconomic competitiveness (MICRO)

3 Company operations National business Social infrastructure and Macroeconomic
and strategy (COS) environment (NBE) political institutions {SIPI} pelicy (MP)
Supporting ¥
::l:;t:l;\r fnfmgy and related Demand hBasm Political R:fa Fiscal Monetary
4 conditions| | and rivalry industries conditions capacity institutions tw policy policy
and clusters
Strategy and Organi-  Internation- Sl =l ae L Capital Innovation
5 operational zational alization ian:; g:s::::m cﬂ?:;:f;::'s ?drmlnlsl?;n!::: market infra- | | infrastruc-
effectiveness  practices of firms structure ture
6 Indicators

Source WEF (2008:55).

Table 8 The New Global Competitiveness Methodology

First stage: Principal
components method

Second stage: Principal
components method

Summation using weights
from regression

Firm-level technology

0.068*
absorption

Company
operations
and strategy

0.210

Companv spending on 00714

research and development

T —— 0.069
advantage
Value chain breadth 0.071
Capacity for innevation 0072

Microeconomic
competitiveness

weight depends on
stage of development

origntation

Extent of staff training 0.075

Willinoness to deleaate
authority

New Global
Competitiveness
Index

0.072

Extent of incentive
compensation

Reliance on professional

management 0.068

Prevalence of foreion
technology lice:

Control of international
distribution

0.066

sales 0.066

Extent of regional

F Mumh

shown are

Source WEF (2008:57).
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2.1.5 Technology Achievement Index (UNDP)
The TAI has been developed by Desai et al. (2002:18nd reported in théduman

Development Report 200&@nly. The index focuses on four dimensions of tedbgical
capacity:
1. Technology creatianmeasured by the number of patents granted tdeets per capita
and by receipts of royalties and license fees fatmoad per capita.
2. Diffusion of recent innovationsneasured by the number of Internet hosts petaapd
the share of high-technology and medium-technotgports in total goods exports.
3. Diffusion of old innovationsmeasured by telephones (mainline and cellularcppita
and electricity consumption per capita.
4. Human skills measured by the mean years of schooling in tipeilpton aged 15 and
older, and the gross tertiary science enrolmerud.rat
Thus, each dimension is captured by two sub-indisatvhich, in turn, are aggregated (simple
average and standard normalization) in the symtlimdicator TAI for 84 countries. See section

2.2 for a detailed analysis of variables and dataces.

2.1.6 Innovation Capability Index (UNCTAD)

The UNCTAD Innovation Capability Index (UNICI) wadeveloped by UNCTAD (World
Investment Report 2005) and calculated for 117 w@sfor the years 1995 and 2001. This
index is based entirely on quantitative variabldsctv are direct measures of technological
activity and technical human capital. It is commbgd two sub-indicators: the Technology
Activity Index (TAct) and the Human Capital Indek@l) which, respectively, capture the
innovative activity and the skills availability fauch activity. As detailed in Table 9, UNICI
sub-indicators and their variables are assigneddnge weights (the only exception being the
HCI).

Table 9 The Innovation Capability Index (UNICI)

Indices Components Weights attached

Technological Activity Index R&D personnel per million population All 3 components have equal weights
United States patents granted per million population
Scientific publications per million population

Human Capital Index Literacy rate as % of population Weight of 1

Secondary school enrolment as % age group Weight of 2

Tertiary enrolment as % of age group Weight of 3
UNCTAD Innovation Technological Activity Index Both indices have equal weights
Capability Index Human Capital Index

Source UNCTAD (2005:113).
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2.1.7 The Industrial Development Scoreboard (UNID®

UNIDO has a longstanding tradition in the analysfisndustrial competitive performances at
the country level as well as in the assessmentbohtcies’ industrial capabilities, that is, of
those specific capabilities that drive production manufacturing industriés This section
reviews the two main sets of indicators developeer dhe last decade as part of UNIDO’s
Industrial Development Scoreboard (IBS)
e Industrial capability indicators (UNIDO, 2002);
e Indicators of industrial performance, namely the Competitive Industrial
Performance Index (UNIDO, 2002; UNIDO, 2007; UNIDZD09; UNIDO, 201G}
and the Industrial cum Technological Advance InfigXIDO, 2005).

All indicators included in the IDS focus on manutamg industries and rely on a small number
of structural variables only for which hard data available. The combined use of these
country-level indicators allows us to conduct crosantry comparisons and, consequently, to

‘benchmark’ industrial development.

2.1.7.1  Industrial capability indicators: Thedrivers of industrial performance

Industrial capability indicators result from theeidification and measurement of five drivers of
industrial performance — i.e. skills, technologiedfort, inward FDI, royalty and technical
payments abroad, modern infrastructure — and asedban two fundamental methodological
premises. The first premise is that ‘mapping tmecstral influences on industrial performance
— termeddrivers — calls for selectivity and simplification’ (UNID(002:34); the second one is
that as countries combine the drivers in differesatys, it is convenient to construct sub-
indicators (see Table 10) and to group countriesdmgucting a cluster analysis (as an example,

see Figure 3) to conflate all the drivers into omerly composite indicator.

23 Many of them were first introduced in thedustrial Development Report 2002See also the series of
Industry and Development Global Repoitsparticular, The UNIDO 1989/90 and 1990/@tlustry and
Development Global Reportéscussed in section 3.5.

24 See also Lall and Albaladejo, QEH WP 2002 (pulelishs Lall, 2003).

% The Industrial Development Report, 2009: Chapfepffers the last updated version of the CIP index.
The UNIDO Working paper 05/2009 applies CIP’s snffi¢ators to trace ‘changing patterns in industrial
performance’.
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Table 10 The UNIDO Industrial Capability Indicators

Drivers” Cluster analysis/Composite indicators
Skills™ Tertiary enrolments
Cluster analysis (see figure 3)
(total and technical subjects) SKILLS, R&D. INFRASTRUCTURES
i _ i - (skills and infrastructures are
Technological effort R&D spending per capita measured by composite indices
by Productive Enterprises while R&D is normalized by GPN)
(or as a % of GNP) X
Cluster analysis
RELIANCE ON DOMESTIC R&D
- EFFORTS versus FDI
Inward FDI (foreign direct FDI per capita
3 or as a % of GNP Cluster analysis
investment) \ ) RELIANCE ON DOMESTIC R&D
(averaged over three years and not EEFORTS versus FDI
disaggregated for mfg) AND
HIGH TECH EXPORTS
Royalty and Technical Royalties and technical payments
payments abroad abroad INDEX OF TECHNOLOGICAL
(e.g. purchases of know-how. patents. licenses and EFFORT AND INVENTIVENESS
biue prints) average of two standarldized
variables and equal weights:
- - R&D (input) and patents taken out
Modem infrastructure Infrastructure index: —— internationally (output)
(telephone mainlines and mobiles. personal + Capital goods ; - -
] imports per capita !.all (200\3.1674) cr_:mblnes th|s
computer and internet hosts) = Technology index of ‘technological effort” and
Import Index the one of “industrial performance’
(Lall, 2003) (CIP) in one composite index

Source Author. Coloured lines identify the various comd uses of drivers in cluster analysis and conposi

indicators.

Figure 3 Cluster analysis of skills, infrastructures and R&D in developing economies

@ Aien i & 15
@ Averso n
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s Republic of Korea 2.10%
Taiwan Province of China
Hong Kong SAR 0.99°%
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Jamaica, Malaysia,
03 Mauritius;
Momcoo, Oman,
Saudi Arabia,
South-Africa, Thailand,
R Tunisia, Turkey 0.48%
0.07 % K\ .
01 D
26 developing .04
economies 0.01% o : _
0 Argentina, Chile, Colombia, Costa Rica, Ecuador,
Jordan, Mexico, Panama, Peru, Philippines,
Uruguay, Venezuelz 0.05%
-1
0.2 1} 032 0.4 06 0.8 1.0

Source:UNIDO (2002:61).
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2.1.7.2 The Competitive Industrial Performanceridex (CIP)

The Competitive Industrial Performance index bermtk® countries’ ability to produce and
export manufactures competitively. A combination fofur sub-indicators of industrial
performance is used to capture different dimensiofiscountries’ competitiveness in
production. The four sub-indicatéfsare obtained from basic indicators about the privde
and technological structures of countries:
¢ Manufacturing value added per capitdMA )
* Manufactured exports per capitdEEXP)
e Technological structure of MVA and MEXP accordinghe classification:
- Resource-baseshanufactures: processed food, refined petroleuganics
- Low-techmanufactures: textiles/garments, simple metalifiglasurniture
- Medium-techmanufacturesMTM ): heavy industry products such as automobiles,
industrial chemicals, machinery and relatively d&nd electrical and electronics
product
- High-tech manufactures HTM ): complex electrical and electronic (including
telecommunications) products, aerospace, precisgiruments, fine chemicals and
pharmaceuticals.

The four sub-indicators are combined as illustranettie following Table 11.

Table 11 The CIP index formula

Sub-indicator I, withi=1,...,4
11: MVA per capita (captures a country’s level of industrialization)

I,: MEXP per capita (captures a country’s ability to produce goods competitively)

3: Industrial intensity: lint= (share of MVA in GDP + share of MTM and HTM in MVA) / 2

4. Export quality: MXqg= (share of MEXP in total EXP + share of MTM and HTM in MEXP) / 2
(Standardization formula: I; = (X; — minX;) / (maxX; - minX;) )

CIP index = ¥4 Zi=4 |;

Source:Author.

As the analyses based on the CIP index have shimwpa(ticular, see UNIDO, 2002; Lall,
2003; UNIDO, 2009), this output-based indicatompobdductive capabilities can be adopted in
different contexts, from assessing industrial penfince over time or explaining export

performances up to more innovative analyses sucbf dmdustrial sustainability’. UNIDO

% The four components of the CIP are highly coreslaespecially MVA and industrial intensity.
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(2002), for example, analyses the relationship betwindustrial performance (CIP index) and
environmental performance (GOemissions). The regression analysis has shown that
industrialization can raise the propensity to peljiut that this relationship follows an inverted

U pattern (see Figure4)

Figure 4 Regression of CIP on CQ
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Source:UNIDO (2002:54).

2.1.7.3 Industrial cum Technological Advance ldex (ITA)

Sub-indicator Technology Advance Index (TechAd)

Sub-indicator Industrial Advance Index (IndAd)
The ITA was presented in UNIDOlsdustrial Development Repo2005 and was calculated
for 161 countries for 1990 and 2002. It is composktivo sub-indicators, namely the TechAd

and the IndAd, which, respectively, capture théduebtogy and industrial advance axes of the

2" Luetkenhorst (2010: 18) highlights that ‘indudtpalicy today cannot be relevant, cannot be efffect
and cannot be credible, unless it is explicitlynfead in the context of natural resource scarcityie T
design of ‘sustainable industrial policies’ calts the development of new indicators which fadiétéhe
identification of different patterns of sustainabidustrialization.
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six performance indicators model. The industriateamte index is defined as the arithmetic
mean of the share of manufacturing in GDP and tiaeesof manufactures in total exports. In
analogy, the Technology Advance Index is obtainedhe arithmetic mean of the share of
medium- or high-technology activities in MVA andetltorresponding share in exports. The
values of both indicators, which are obtained aragyes of shares, lie between zero and one.
See Table 12 below for a detailed reference ofiged variables.

2.2 A comparative analysis of country level indicairs

By comparing the set of indicators presented itiGe@.1, Table 12 shows how the statistical
sources used are often similar, while their covergig terms of countries and years of
observation) may differ significantly. This lastsie® may represent a serious problem of
comparability across indicators.

Table 12 A menu for choice
Typology Variable Data source Coverage Included in
countries (years)
Public R&D exp ( % GDP) EUROSTAT+CIS 48 (2006) GSlI
INPUT-RELATED Busi R&D exp (% GDP) EUROSTAT+CIS 48 (2006) GSll
usiness exp (% +
LR WEF opinion survey 125 (2004-06) TechInnov
R&D expenditure (% GDP) WEF opinion survey 125 (2004-06) Tech
Firms’ capabilities in adopting new technologies WEF opinion survey 125 (2004-06) TechRead
Electricity consumption UNDP 72 (1995 - 2000) TAI
ArCo (2004) 162 (1990 & 2000) ArCo
ICT expenditures (% GDP) EUROSTAT+CIS 48 (2006) GSlI
Land lines per 100 population K4D 132 (2006) KEI
Land lines per 100 population WEF hard data 125 (2004-06) Tech
Telephone mainlines UNDP 72 (1995 - 2000) TAI
Land lines per 1000 pop ArCo (2004) 162 (1990 & 2000) ArCo
Mobile phones per 100 pop WEF hard data 125 (2004-06) Tech
WEF hard data 125 (2004-06) TechRead
Mobile phones per 1000 pop ArCo (2004) 162 (1990 & 2000) ArCo
PC per 1000 population K4D 132 (2006) KEI
PC users per 100 population WEF hard data 125 (2004-06) Tech
WEF hard data 125 (2004-06) TechRead
Internet users per 1000 pop K4D 132 (2006) KEI
Internet hosts per 10000 pop WEF hard data 125 (2004-06) Tech
Internet hosts per 10000 pop UNDP 72 (1995 - 2000) TAI
Internet users per 10000 pop WEF hard data 125 (2004-06) Tech
WEF hard data 125 (2004-06) TechRead
ArCo (2004) 162 (1990 & 2000) ArCo
Capacity of the institutions to create a propitious WEF opinion survey 125 (2004-06) Tech
environment for the diffusion and efficient use of
ICTs
ICT laws WEF opinion survey 125 (2004-06) TechRead
IPRs WEF opinion survey 125 (2004-06) TechInnov
Receipts of royalty and license fees UNDP 72 (1995 - 2000) TAI
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Secondary school enrolment K4D 132 (2006) KEI
UNCTAD 117 (1995 & 2001) UNICI
University enrolment K4D 132 (2006) KEI
Tertiary enrolment rate WEF hard data 125 (2004-06) Tech
Literacy rate as % pop UNCTAD 117 (1995 & 2001) UNICI
ArCo (2004) 162 (1990 & 2000) ArCo
Years of schooling UNDP 72 (1995 - 2000) TAI
ArCo (2004) 162 (1990 & 2000) ArCo
Tertiary science enrolment UNDP 72 (1995 - 2000) TAI
UNCTAD 117 (1995 & 2001) UNICI
ArCo (2004) 162 (1990 & 2000) ArCo
Scientific & engineering graduates (% labour EUROSTAT+CIS 48 (2006) GSlI
force)
Researcher per million population EUROSTAT+CIS 48 (2006) eN]]]
K4D 132 (2006) KEI
UNCTAD 117 (1995 & 2001) UNICI
Scientists and engineers availability WEF opinion survey 125 (2004-06) TechInnov
Public demand for high-tech products WEF opinion survey 125 (2004-06) TechInnov
Research cooperation activities between WEF opinion survey 125 (2004-06) Tech
universities and firms WEF opinion survey 125 (2004-06) TechInnov
Quality of research institutions WEF opinion survey 125 (2004-06) TechInnov
FDI WEF opinion survey 125 (2004-06) TechRead
Patents per million pop. EUROSTAT+CIS 48 (2006) eN]]]
| (USTPO) K4D 132 (2006) KEI
\C;K;:ZUBTLESLATED (EPO for GSII) WEF hard data 125 (2004-06) Tech
WEF hard data 125 (2004-06) TechInnov
UNCTAD 117 (1995 & 2001) UNICI
ArCo (2004) 162 (1990 & 2000) ArCo
National patents UNDP 72 (1995 - 2000) TAI
Medium- and high-tech exports UNDP 72 (1995 - 2000) TAI
Scientific articles per million population EUROSTAT+CIS 48 (2006) eN]]]
K4D 132 (2006) KEI
UNCTAD 117 (1995 & 2001) UNICI
ArCo (2004) 162 (1990 & 2000) ArCo
Share of exports in high-tech industries (% total EUROSTAT+CIS 48 (2006) GSlI
exports)
Share of VA in high-tech industries (% TVA) EUROSTAT+CIS 48 (2006) GSlI
Manufacturing value added UNIDO 122 (2000 & 2005) CIP
(Industrial Capacity-MVApc)
Manufactured exports per capita UNIDO 122 (2000 & 2005) CIP
(Mfg Export Capacity-MXpc)
Share of MHT in MVA UNIDO 161 (1990 & 2002) ITA (TechAd)
(Industrialization Intensity-MVAsh) 122 (2000 & 2005) CIP
Share of MHT exports in total manufactured UNIDO 161 (1990 & 2002) ITA (TechAd)
exports 122 (2000 & 2005) CIp
(Export Quality-MHXsh)
Share of MVA in GDP UNIDO 161 (1990 & 2002) ITA (IndAd)
(Industrialization Intensity-MHVAsh) 122 (2000 & 2005) CIP
Share of mfg exports in total exports UNIDO 161 (1990 & 2002) ITA (IndAd)
(Export Quality-MXsh) 122 (2000 & 2005) CIP

Note 1: Sl and STI are not reported as the available databases include less than 40 countries.

Note 2: the ArCo Index is included in the menu as it is developed by re-elaborating the TAI and the IDS indexes. The variables selected allow for coverage of 162 countries for
the years 1990 and 2000. See Archibugi and Coco (2004).

Source Author.
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However, if we focus on the 45 countries (G45)vidnich a number of indicators are available
(last year available), we discover that the positd countries is relatively stable with only few
exceptions. Given a selected set of productive wlpes indicators (Archibugi et al., 2009b),

Table 13 shows the position, mean and standaréi@vifor the cluster of G45 countries.

Table 13  Ranking of the G45 countries based on alsetion of synthetic indicators

Country Tech TechRead TechInnov GSII KI ArCo TAIL TechAdv Media 5t. Dev.
WEF WEF WEF EUComm WEe UNCTAD UNIDO Rank Rank
Sweden z 1 [} 2 1 1 1 & 2.73 2.71
United States 1 8 3 7 [} 5 4 3 4.63 2.33
Switzerlan 8 5 2 3 1z 3 3 9 5.63 3.62
Finland 3 12 4 1 3 2 2 18 5.63 6.07
Japan 4 17 1 4 13 : 5 2 6.75 5.60
Denmark 6 9 8 9 2 9 6 20 8.63 5.18
Metherland 10 10 10 11 8 11 12 12 10.50 1.31
United Kingdom 16 & 11 12 9 13 15 4 10.75 4.20
Germany 17 18 5 8 14 12 9 5 11.00 5.07
Singapore 15 2 9 5 25 20 11 1 11.00 8.57
Canada 14 15 12 10 11 6 7 14 11.13 3.31
Israel 9 3 7 6 22 4 17 22 11.25 7.89
Iceland 7 4 18 15 4 14 8 33 12.88 9.66
Korea, Rep. 5 16 14 13 20 18 19 6 13.88 5.69
Norway i1 13 17 17 7 7 10 29 i3.28 7.24
Australia 12 7 21 18 5 10 13 30 14.50 8.19
France 27 22 13 14 17 19 16 11 17.38 5.21
Austria 18 19 16 19 16 17 18 17 17.50 1.20
Belgium 28 24 15 16 15 16 14 19 18.38 5.04
Ireland 29 21 19 20 19 22 21 7 19.75 6.07
New Zealand 23 20 22 21 10 15 20 41 21.50 8.96
Honk Kong 22 11 20 22 28 21 32 28 23.00 6.44
Slovenia 24 25 29 24 18 25 22 23 23.75 3.11
Spain 21 28 30 26 23 24 24 15 23.88 4.58
Estonia 13 14 26 28 21 30 25 34 23.88 7.43
Czech Republic 20 23 24 27 26 29 29 16 24.25 4.53
Hungary 25 30 27 29 29 31 27 10 26.00 6.74
Italy 34 27 33 25 24 23 26 25 27.13 4.12
Slovak Republic 26 26 32 33 34 27 37 21 29.50 5.32
Portugal 19 29 28 34 32 33 30 38 30.38 5.58
Greece 30 36 36 31 33 26 28 42 32.75 5.15
Lithuania 31 32 37 30 27 38 31 40 33.25 4.53
Russian
Federation 44 44 41 23 35 28 23 31 33.63 8.75
South Africa 35 34 25 35 42 40 33 27 33.88 5.77
Poland 41 38 34 4z 31 32 36 32 35.75 4.23
Brazil 32 33 42 39 30 36 38 44 36.75 4.92
Latvia 36 41 31 38 40 43 41 24 36.75 6.36
Mexico 39 40 40 40 41 41 42 13 37.00 9.74
Cyprus 33 31 39 44 36 35 39 45 37.75 4.98
Bulgaria 43 42 45 36 37 34 35 36 38.50 4.17
Argentina 42 43 44 41 38 37 34 35 39.25 3.77
China 45 45 35 32 44 44 44 26 39.38 7.37
India 38 39 23 43 45 45 45 37 39.38 7.41
Turkey 40 37 38 37 43 42 43 39 39.88 2.53
Romania 37 35 43 45 39 39 40 43 40.13 3.36

Source Archibugi et. al. (2009b:19).

Finally, for the same cluster of countries (G486 following Table 14 presents the correlation
matrix among the productive capabilities indicatosslected. Clearly, the correlation

coefficients are very high for homogenous groupgrofiuctive capabilities indicators.
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Table 14  The correlation matrix among the main prodictive capabilities indicators

G45 Tech TechRead TechInnov GSII KI Arc TAI TechAdv
WEF WEF WEF EUComm ws ree UNCTAD UNIDO
Tech 1
WEF
TechRead
WER 0.9112 1
TechInnov
WER 0.8515 0.8436 1
GSII
EUComm 0.8352 0.8474 0.9059 1
KI 0.8519 0.8474 0.7769 0.8451 1
We . i . i
ArCo 0.8567 0.8648 0.8435 0.9219 0.9174 1
TAL 0.8519 0.8304 0.8538 0.9424 0.9245 0.9441 1
UNCTAD : : : : : :
TechAdv
ONIDO 0.5415 0.5278 0.7221 0.7057 0.4788 0.5561 0.6075 1

Source Archibugi et. al. (2009b:20).

2.3. Trade-based indicators: Product complexity rakings and cross-country

comparisons

Given the extensive and disaggregated informatioproducts that enter international markets,
only few scholars have recently proposed a sehditéct measures of countries’ productive
capabilities. As we have seen, traditional indicatare based on factor input data (extracted
from input-output tables or industrial censusesicilfy available at the 2-digit level) and
technological intensity (mainly based on R&D expané). In contrast, trade-based indicators
only require information on the exports of eachdoid and per capita incomes of exporting
countries. Trade-based indicators seek to classifjorts and to consequently rank countries
according to their export basket. The different hneblogies proposed share a common
analytical starting poif, namely:
» The complexity/sophistication of a product is a diion of the productive
capabilities it requires;
» The higher the average income of an exporter, tbeemsophisticated the export
(assumption);
* By looking at countries’ export baskets, we can einfthe degree of

complexity/sophistication of a country’s technolmjiand productive structure.

% The indicators developed by the Harvard researohpjon economic complexity are also applied to
define the so-called ‘product space’. The theoadtimilding blocks of this approach are detailedhia
following sections.
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This section reviews the three best known methayied: the first one is that introduced by
Lall et al. (Lall et al., 2005; see also UNIDO, 2)0the last two have been recently developed
by the Harvard research group on economic compleXite method of reflections has been
proposed by the Harvard group to resolve the furestdiah problem of ‘circularity’, that is, ‘rich
countries export rich-countries product’ (HidalgadaHausmann, 2009). This problem is
attributable to the fact that the degree of compfésophistication of a given product is
extrapolated from an ‘income content’ measure, enatthan from an ‘engineering content’

measure (Felipe et al., 2010).

2.3.1 The ‘Sophistication’ index

The Sophistication index has been designed to lea¢cisophistication at different levels of
disaggregation and for different purposes. Atghmduct level the ‘soph score’ is calculated by
taking the weighted average of exporters’ incorhe (eights being each country’s shares of
world export). Lall et al. (2006) ran this exerciee products at the 3-digit and 4-digit level
(SITC Rev 2) for 1990 and 2000. To obtain the ayerzalue for exporters’ income, countries
are divided into 10 income groups for each yeatoahg for changes in the groups’
composition). Finally, they ‘multiply the sharewrorld exports of each product for each income
group by the group’s average income to get a deaure for each product’ (for an example, see
Lall et al., 2006:224). Interestingly, by matchitige indicator of sophistication with that of
technology intensity (measured as R&D/sales rdkiey are also able to identify: (i) situations
in which high sophistication does not equate widtthhological depth; (i) patterns of
fragmentation in production processes when we gbsgicombination of high technology with

low sophistication (see Table 15).

2 Previous research and methodologies have relietiaoie-based data. See, for example, the classical
work by Michaely (1984). See also Alcorta and PE395: 5). The latter proposes a Technology
Specialization Index which depicts ‘how much anytipalar country or region adapts its trade streetu

to changing patterns of world trade in high and teshnology products’.
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Table 15  Export sophistication and technology intesity

Technology Sophistication level
level .
Low High
Low Technologically simple products Technologically simple products whose
whose export production has export production remains in high wage
shifted to low wage areas areas because of trade distortions,

resource availability, logistical needs
to be near the main markets

High Technologically advanced products Technologically advanced products without
with fragmentable processes located fragmentable processes where high wage
in low wage areas countries retain strong comparative advantage

Source:Lall et al. (2006:226).

At the country level as part of a competitiveness assessment, tha isdpx’ can complement
the analysis of changes in world market shares (YWNMSparticular, a country’s export basket
can be differentiated by level of sophisticationtleé products contained in the basket. At an
aggregate level, the index can also be adapted aseasure of export similarity among
countries. Finally, the ‘soph index’ can be used &gnchmark tool. An example is provided by
Lall et al. (2006:234) who point out how ‘the ditien of deviation [of a given country] from
the predicted relation within a particular industny category may be revealing of underlying
trends’. For example, a country’s upgrading is appt when the difference between a

country’s actual soph score and the one predictétslincome level increases.

2.3.2 The PRODY index and the method of reflections

The indicators developed by Hausmann et al. (200&r@ rooted in the idea that ‘countries
become what they produce’. This means that econdewelopment is primarily a process of
learning how to produce (and export) increasingdynplex/sophisticated products. In other

words, it is a process of productive capabilitia8ding and accumulation.

In such a setting, the PRODY is developed as atdaave index that ranks traded goods
according to the income levels of the countrieg tiygort them. For each produkt the
PRODY is calculated as a weighted average of the inqueneapita of the countries exporting

the product.

The countryj has a GDP per capita equal tg While its total export is equal to the sum of

productsl in the overall export basket, X %; x;. In the PRODY, the weight is the index of

34



revealed comparative advantage (RCA) and is cdkullas the ratio of the value share of the
product in a country’s overall export baskej (XX;) to the sum of all value shares across all
countries exporting that produxt(xy / X;). The PRODY is measured in 2005 PPP $.

(xje/XG)
2 (xjk / X;) !

S

PRODY; = >_
j

e

I

EXPY; = (ﬁ) PRODY,.

N I
N/
Y'

RCA

At the country level, the EXPY index is simply aalited as a weighted average of the
complexity of products exported by the country (mgad by the PRODY index). The weight is
the share of the product in the country’s exposkiea

As anticipated above, to respond to the criticisrat tthe PRODY index is afflicted by a
fundamental problem of ‘logical circularity’, Hidgd and Hausmann (2009) recently developed
a new methodology called ‘method of reflections’hisT method aims to separate the
information derived from income levels and thatvelidrom the network structure of countries
and the products exported. The authors presemti¢gaebehind their new method using tlego
models as an analogy. Each productive capabilitg oountry is seen as a Lego piece in the
country ‘Lego box’. Accordingly, countries will onbe able to manufacture those products for
which they have the necessary productive capaslitiLego pieces). Thus, countries’
diversification in production (and export) depends the limited set of activities their
productive capabilities allow them to perform. Mover, as certain commodities require special
and exclusive productive capabilities, we can ekfieat some products are exported by fewer
(less ubiquitous) countries. This observation hasnbempirically tested by representing the
network of relatedness between products — i.e.ymtospace (Hidalgo et. al, 2007; Hidalgo and
Hausmann, 2009). Network analysis has shown tlatntries tend to move to goods close to
those they are currently specialized in, allowimgions in more connected parts of the product
space to upgrade their exports basket more quidklidlalgo et. al, 2007:1).This approach
builds on the same intuition we find in Richard9d®72), who determined that there are
products whose embedded productive capabilities lsaneasily redeployed fosimilar
productive activities, while other productive cattitibs (which are quite exclusive) can only be
used in a limited range of productive processesgelsthis framework, Hidalgo and Hausmann

(2009:10573) develop two complexity measures fah loountries and products:

35



» Diversification: number of products that a courgrports with RCA
keo = l *'wcp-
ol
» Ubiquity: number of countries that export the proidwith RCA
> M

o

wherec denotes the countrp,the product ani, = 1, if countryc exports produgp with RCA

kﬂ,ti =

cpe
or Mg, = 0 otherwise. By calculating these two measurestljoand iteratively, the two

measures of complexity are refined step by stefheystake into account the information from

the previous iterationgor N> 1
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The results obtained by adopting this methodolagyexplained by the theoretical framework
developed by Hausmann and Hidalgo (2010). Theirghndt only shows that countries with a
limited set of capabilities will be able to manuiae few products, but also that the process of
accumulation of additional capabilities is chareetsl by increasing returns dynamics. Clearly,
the explanation has to be found in the fact that likelihood that a new capability will be able
to synergize with existing capabilities and becarseful for the production of a new product is
low in the absence of the other requisite cap#slif{Hausmann and Hidalgo, 2010:25). On the
contrary, countries with a broader set of availaddpabilities would greatly benefit from the
acquisition of an additional capability, which halse greatest potential for as many

combinations with the other capabilities they pesée

2.4 A comparative analysis of trade-based indicatsr

Some of the results obtained by adopting the sdanhditators discussed in section 2.3 are

reported below.

30 A similar approach is developed in Andreoni (2046} Andreoni and Scazzieri (2011). However, the
former focuses on the development of a capabitigoty of production while the latter focuses on the
identification of the triggers of increasing anddmsing returns.
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Table 16

Regional sophistication scores (ranked 8000 scores)

Region 1990 2000
N America 84.06 74.47
W Europe 80.86 71.88
LAC 1 (mcluding Mexico) 69.14 64.91
E Asia 2 (excluding China) 69.05 G4.83
E Asia 1 (including China) 69.18 62.78
LAC 2 (excluding Mexico) 65.87 61.28
SSA 1 (including South Africa) NA * 59.55
SSA 2 (excluding South Africa) 59.17* 55.93
MENA 62.60 55.72
S Asia 1 (including India) 58.53 50.68%*
S Asia 2 (excluding India) 53.51 30T

Notes: * There are no export data for South Africa for 1990: this
is why the SSA 1 and SSA 2 scores are identical.
#* South Asian data for 2000 includes export data for 2001 for
Bangladesh and Sri Lanka. which are missing 2000 data.

Source Lall et

al. (2005:13).

Table 17  Top and bottom world exports in sophisticion at the 4-digit level, 2000
SITC code Product 1990 2000
Rank Score Rank Score
Most sophisticated 20 prodicts
5843 Cellulose acetates 50 90.73 | 10000
7223 Track-laying tractors 2 99.52 2 97.78
9510 Armored fighting vehicles, arms, and ammunition 17 93.65 3 96.43
6812 Platinum and other metals 264 80.71 4 95.56
T126 Steam and other vapor power units 7 96.13 5 94.57
8748 Electrical measuring, checking, analyzing instruments 24 93.09 6 94.12
2120 Fur skins, raw 14 93.95 T 93.79
T133 Int. combustion piston engines for marine propulsion 9 95.73 8 93.57
7239 Parts of civil engineering/contractors plant 46 90.89 9 93.30
2512 Mechanical wood pulp 236 81.94 10 93.03
8744 Instruments for physical or chemical analysis 37 91.71 11 9244
7741 Electro-medical apparatus 5 98.05 12 92.20
0459 Buckwheat, millet, canary seed, grain 168 84.87 13 91.37
2511 Waste paper, paperboard for use in papermaking 35 91.93 14 89.93
8933 Ornamental objects of resin, plastics, cellulose 524 64.13 15 89.87
7149 Parts of non-electrical engines and motors h 8930 16 89.21
5155 Other organo-inorganic compounds 60 89.68 17 89.08
1268 Bookbinding machinery and parts 12 94.34 18 89.03
6EB0 Uranium depleted, thorium and their alloys 539 62.98 19 89.01
Tl44 Reaction engines 347 76.87 20 B8.85
Least sophisticated 10 producis
4245 Castor oil T46 16.31 757 9.22
0611 Sugars, beet, and cane (raw, solid) 733 2546 T58 8.27
2613 Raw silk 759 8.55 759 6.69
2713 Fertilizers of natural calcium/alum. phosphate 761 6.65 760 5.66
2232 Palm nuts and palm kernels 137 21.73 761 554
2640 Jute and other textile bast fibers n.e.s. T64 4.25 762 5.43
2655 Manila hemp, raw or processed T65 201 763 4.68
4244 Palm kernel oil 750 13.76 764 4.35
2714 Potassium salts, natural or crude T63 5.07 765 4.19
2235 Castor oil seeds T66 0.00 766 0.00

Source:Lall et

al. (2006:228).
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Table 18

Share in country’s total exports, by prodat complexity

Country Rank Product Complexity Level ( 1 -highest; 6- lowest) .

1 Top 100 2 4 5 o
Japan 1 30.7 10.0 19.0 21.0 11.4 0.6 1.5
Germany 2 30.6 7.9 24.5 16.0 10.9 5.6 3.4
USA 6 281 7.2 21.5 22,8 12.9 0.4 5.2
France 10 26.2 3.2 22.3 22.0 16.1 7.5 5.0
Singapore 10 14.3 1.5 14.0 30.2 11.1 4.2 17.2
Rep. of Korea 21 17.7 2.2 18.0 32.5 14.6 8.3 8.0
Malavsia 38 4.7 0.5 14.3 38.6 15.6 7.4 19.4
India 49 81 0.7 0.2 8.3 0.4 30.4 34.7
China 50 5.7 0.5 13.9 20.7 10.5 15.6 24.5
Thailand 50 6.8 0.5 0.1 31.3 16.2 11.5 25.1
Philippines 74 3.3 0.3 7.3 49.2 20.5 6.4 13.4
Indonesia 76 341 0.4 5.3 12.9 15.2 14.4 49.1
Viet Nam 098 1.8 0.2 3.0 4.2 7.3 14.2 60.6
Pakistan 101 0.7 0.1 2.2 2.2 3.5 11.9 70.6

Note: 1 is the most complex and 6 the least. Top 100 refers to the top most complex products. Rank is the
ranking of the country (in a total of 124 countries) according to the measure of country complexity (as

Source Felipe et al. (forthcoming:23).

Table 19  List of 10 most complex products
Rank HS 6-digit level description HS 2-digit level description
1 Other cyclic hydrocarbons: Cumene Organic ch emicals
2 Metalworking machine-tools/ultrasonic machine-tools: For Nugclear reactors, boilers, machinery,
dry-etching patterns on semiconductor materials ate,
3 Particle accelerators, and parts thereof, nes: Ion implanters for  Electrical, electronic equipment
doping semiconductor materials
4 Methacrylic acid, salts Organic chemicals
5 Carbide tool tips, ete.: Tool plates/tips/ete., sintered metal Tools, implements, cutlery, ete. of base
carbide & cermets metal
6 Photo, cine laboratories equipment, nes; screens for projectors:  Optical, photo, technical, medical, ete.
Direct write-on-wafer apparatus apparatus
7 Other inorganic esters: Hexamethylenediamine, 1ts salts Organic chemicals
8 Other electronic measuring, controlling, etc., apparatus: Optical, photo, technical, medical, ete.
Instruments nes using optical radiations (UV, visible, IR) apparatus
9 Other machinery, mechanical appliances having individual Nugclear reactors, boilers, machinery,
funections: Laser, light, and photon beam process machine tools  ete.
10 Sheet, plates, rolled of thickness 4.75mm plus, of iron or steel Iron and steel

or other alloy steel: Cold rolled alloy-steel nes nfw, <Goomm
wide

Source adjusted from Felipe et al. (forthcoming:23).
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3.  Towards new industrial diagnostics for policy @sign

3.1  Measurement with or without theory: Methodologcal problems and

informative limits

For capability indicators to be meaningful, theumsgtions made for their construction as well
as their informative limits need to be known. Adiyiathe more synthetic indicators are
grounded in a thorough analytical framework, therenmformative and testable they are.
Moreover, by comparing/integrating the informatiohey provide with other pieces of
guantitative and qualitative evidence (e.g. disaggted data on sector-specific and/or firm-
specific productive capabilities), a stylized regametation of productive capabilities dynamics
and the resulting competitiveness performance®ssiple. Building indicators without theory
has various shortcomintjsFor example, variables tend to be selected moth®basis of data
availability rather than their informative contei@econdly, overly composite indicators are
generated under the assumption that more ingredieititprovide the cake with a better taste
(Lall, 2001; UNIDO, 2002). Thirdly, indicators tentb be adopted by practitioners and
policymakers in an uncritical way — i.kst diseasewithout realizing that these measures are
mainly proxies of extremely complex and multilayeeprocesses (Archibugi, 1988). Therefore,
some key methodological considerations have to bdemBeing aware of the theoretical
assumptions and methodological problems is extiemelpful for the refinement of current

indicators and the identification of new industdégnostics for policy design.

Productive capabilities: ‘Determinants’ and ‘enabig

Firms are socially-structured production units eletgrized by certain technological and
organizational knowledge bases. As discussed itioset.2.1, the same knowledge resources
can provide different services. This implies tham$ with the same technological and
organizational knowledge basis can actually manitesl develop different capabilities in
production. Thus, widely used variables such asedjpure in R&D, investments in capital
goods and licenses and various indicators of wogkeity (e.g. literacy rates) appear to be
‘proxies of determinantsof capability rather than indicators of capabilitgelf’ (Romijn,
1999:3). The reason is that productive capabilisges not simply prepackaged stocks of
codified knowledge. Instead, given a certain amooitknowledge resources, capabilities

continuously develop in a circular and cumulativanmer through micro-learning processes

%L For a detailed discussion of methodological prolsiemd informative limitations, see also Archibugi
and Coco (2005); Archibugi et al. (2009a), whiled®o(2007) discusses the link between input and
output measures and the functional model of prooct
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(Kline and Rosenberg, 1986; Andreoni, 2010). THso amplies that productive capabilities
indicators should not simply attempt to capturekhewledge basis of firms — i.determinants
of capabilities, but also those factors externathi firm that affect learning processes — i.e.

enablersof productive capabilities building.

This approach would allow us to better capture éhdisembodied capabilities, forms of tacit
knowledge and conscious decisions by the agentdvied in technological learning which are
responsible for the heterogeneity we observe anfiomg and, ultimately, for their different
degrees of competitiveness. Moreover, the recagnithat the same determinants, that is, the
same stock of technological and organizational kadge, may drive different patterns of
productive capabilities building/accumulation sugigethat the information provided by these
indicators is interpreted in a non-deterministicywAs stressed by Katz (2006: 897) ‘Unlike
some physical processes social activities are newvempletely deterministic nor are they
completely random’. It is therefore extremely imjaoit to identify causal structures and the set

of causational chains that regulate developmerdgases.

Learning processes in historical time: Time lags@&btme scales

Learning proceeds in historical time and is tecbgiglal/sector-specific (Rosenberg, 1994; Bell,
2006; Andreoni, 2010). This means that indicatongctv fail to consider the existence of time
lags and technological/sector-specific characiesiswill provide a very misleading picture of
the capabilities owned by countries’ productivditemlogical structures (and by firms as their
components). For example, let's consider a firne [iKokia in its first years of high-tech
production. A capability indicator based on outpatriables would only convince us that
Nokia's story is an incontrovertible one of contiaubusiness failure, as it did not make any
profit in high-tech production for nearly two deesl. Productive capabilities development
takes time and is cumulative, and hence, relyiglyson output variables does not allow us to
capture the ongoing learning process, the reswitoth will eventually be registered by our
output-based indicator in the future. In other vgortthere may be intensive processes of
knowledge acquisition under way that are not y#é¢ce=d in economic outcomes, for example,
in trade patterns’ (OECD, 2006:201). However, rayon input-based measures only does not
resolve the time lag problem, either. Without reggiag the tremendous success of Nokia in the
output (e.g. competitiveness performances), we avot have had any way of determining

whether Nokia had Earning-rich or learning-poorexperience.

%2 |nterestingly, the learning trajectory from indysentry point to the initiation of significant iomation
was around 20 years, e.g. in the case of Samsweify 2B06:29).
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Even if we recognize the existence of time lags #ng of qualitative transformations and
discontinuities, truncations and reverses, we tltegaite far from an explicit treatment of the
time/stages firms require to build productive caligds and to consequently move from low- to
medium- and high-tech industries — itene scale¥. From a managerial as well as a policy
design perspective, it becomes crucial to findiztg answers to questions such as ‘over what
time period must the investments in specific kimdsproductive capabilities be made?’ or
‘when will the returns be realized?’, and finallyHat factors might affect those time scales (e.qg.
learning faster/slower)?’. Possible answers canrba/n from detailed long-term longitudinal
studies and/or in tracking changes over time. Tofis;ourse, calls for the collection of time-
series data. In this respect, synthetic indicastrsuld be developed to capture the rate of

change of key variables more than their level gtgarticular moment.

Factors aggregation: Weights, complementarities atatrelations

Many factors are included in the development ofdpadive capabilities as determinants or
enablers. Thus, capabilities indicators very oftend to aggregate multiple variables which
proxy these factors. As we will see, capability icadiors frequently conflate input-based
variables with output-based variables, a choiceclvigixacerbates aggregation problems (Lall,
2001; Grupp and Mogee, 2004; OECD, 2008). Compasiteeators are characterized by two
fundamental aggregation problems (Kaplan, 2004) tli@none hand, when the importance of
each component — i.e. its weight — is the resuétrax antesubjective evaluation, the same data
set can provide entirely different information. @re other hand, the choice of aggregating
different components (especially mixing input-based output-based variables) derives from

the assumption that they are substitutable.

Even when avoiding overly composite indicators, daigiive capabilities indicators which
aggregate only ‘proxies of determinants of capidi — i.e. input-based variables — are equally
subject to aggregation problems. The various factbould be available according to a certain
degree of proportionalityn order to obtain the intended productive outceraad achieve
certain levels of competitiveness. For examplesgasing R&D investment for the building of
new labs without proportionately raising the amooinéngineers universities can graduate will

not have the expected impact on technological ahipeddevelopment.

% See Katz (1987) for a collection of initial attetsigo identify technological learning stages and
respective time scales. Bell (2006) provides aosgtective critique of the technological capability
literature which focuses excessively on cross-gratidifferences instead of on an explicit treattrefn
time scales.
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As a result of existing complementarities amongegivactors (which reveal underlying
structural relationships), variables in compogit#icators are very often highly correlated. For
example, ‘countries with a high share of gradubtese at the same time a high rate of scientific
publications, patents and so on’ (Archibugi et @D09a:3). These correlations suggest that
capabilities determinants and enablers complemnestt ether, although their interdependencies
cannot be read as causal links or as a set ofnaigistic relationships (UNIDO, 2002:59-60). In
this respect, cross-correlation tables may be deapiith the different proxies, which enter
indicators of capabilities determinants and cajtédsl enablers or output-based indicators. In
fact, when looking at the resulting correlation rixats, we might, for example, discover that
correlations between various factors such as R&D auiput differ substantially at different
stages of development. This result would suggedtRI&D activities play a distinctive role in
determining the competitiveness performance of s@msat different stages of development. In
fact, the distinct histories of countries’ indualidation demonstrate how capabilities
determinants and enablers (as well as the resyitinductive capabilities) can be combined in

various ways in line with different developmentastgies and paths.

Levels of aggregation and disaggregation

Productive capabilities are embedded in physicahtsmy— i.e. machines and workers — as well
as in organizational configurations and instituibarrangements. According to tloei where
they reside as well as the degree of aggregatiosidered — i.e. individual agent, collective
agent (e.g. organizations) or systemic (e.g. retdjonational level) — different capabilities
indicators should be developed. The reason behisdg that productive capabilities indicators
at different levels of aggregation — i.e. firm, t®eal, regional, country level — provide distinct
information for benchmarking and industrial polidgsign. As a matter of fact, national level
indicators tend to conceal important sectoral aglonal differences while sectoral indicators

conceal important firm differences (see Figure 5).

The multilevel analysis we envisage here is furtbemplicated by the fact that productive
capabilities at different levels — i.e. firm, saetp regional, country level — are interrelatedhwit
each other in different ways in accordance wittcgjgecountry characteristics. In this respect,
the concept of social capabilities introduced abseems to capture the country-specific way
through which linkages among different capable tiestiwork, develop and cluster. One
particular subset of these linkages is that whimhnects firms embedded in the same regional

innovation system or firms which are part of glopedduction networks (GPNs). The spread of
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GPNs poses serious challenges in terms of the lneskiof country level indicators. This
notwithstanding, as governments’ policies operatéha national level, we should integrate

national level productive capability indicators hwvdther appropriate diagnostics.

Figure 5 Productive capabilities indicators in a 3ectors, 2 countries model

! Froductive capahbilities indicators (PCI): list of pozsibilities
! National level PCI
] = Cross-counimas compansons
L 2 Longitudina] studies
y ! Sectoral level PCI
& 1 = Longituding] studies
. = Sectoral Companson:s across counimes: the same sector
! across different countmes at different stages of development
! Indusztry level (or subzectoral level) PCT
! < Longitudina] studies
! = Industry Compansons zcross countmes: the same mduwstry
: across different countmes at different stages of development
; Firm level PCI
: = Lonpitudina] studies
: : Inter-firm level PCI
2 i <3 Longitndina]l stedies of mdustnal clusters (Bell and Albu,
; 19949y
i = EKnowledgze flows at the cluster or mter-firm level
* Global production networls
Source Author.

Cross-countries comparability and scale adjustments

International comparisons are particularly difficmthen countries involved are at different
stages of development. Not only are countriesférdnt stages of development endowed with
various degrees of productive and technologicalabgities, but their capabilities most
probably vary as the technologies employed in pecdan differ. This implies that cross-country
comparisons can be more useful if conducted amomgpg of countries which are at the same
stage of development, that is, countries with simproduction/technological structures. The

selection of various groups of countries may eitlkeult from the application of cluster analysis
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techniques or from selecting groups of countriedhenbasis of development level indicators.

For example, highly reliable and more detailed loiasas are available for OECD countries.

According to these different clusters of countriearious group-specific sets of productive
capability indicators can be developed. By follogvithis strategy, more refined measurements
can be elaborated and, hence, more detailed coosdrg comparative and convergence
analyses performed — e.g. the European integrgtiocess. However, comparisons need to be
normalized. Recent research denotes that ‘a peafuren indicator derived from a ratio that
exhibits a scaling correlation between the numeratml denominator must be scale-adjusted
before it is used in comparisons’ (Katz, 2006:89%jus, all time indicators rely on ratios such
as GERD/GDP, GDP/population or citations/paper, atitbugh the denominator is a measure

of size, we cannot simply assume that the indidatoormalized by the denominator.

3.2 A new set of indicators for the assessment ajuntry-level productive
capabilities

The analysis provided above reveals the numeranisliof today's available country-level
synthetic indicators, but also proposes possiblatisas and areas of improvement. In fact,
some of the shortcomings highlighted, such as dbe df using overly composite indicators or
measures which do not incorporate time lags and sicales, might be avoided. Building on the
theoretical and empirical analysis provided so tails section suggests a new set of indicators
and methodologies to assess and compare counglypeoductive capabilities. The research
carried out to date on productive and technologieglabilities has not been able to develop a
comprehensive and consistent analytical framewaoik @ set of suitable indicators. On the
contrary, many ideas and concepts have been attdachbe word capabilities in an attempt to
capture all possible capability dimensions at ddfe levels of aggregation (see section 1.2).
However, there is wide acceptance of the fact phadluctive capabilities result from learning
processesn production.Although it is practically impossible to quantifyl ghe complex and
multilayered learning processes through which aemivcountry’s productive capabilities
develop, the second best strategy would be toifgledistinguish and group the most important
factors thatenter, interact withand exit from these learning processes (provided that the

necessary data is available).
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Productive Capabilities Indicators (PCI)

The new of set of productive capabilities indicat@roposed here builds on four factors,
namely capability determinants, capability enablerapability outcomes and production

outputs. The analytical framework describing hoestnfactors relate to each other is illustrated

in Figure 6.

e Capability determinants

A set of ‘input factors’, such as technical edumatand R&D spending, represent
‘knowledge ingredients’ in learning processes. €hksowledge ingredients are
primarily human capital and investments in the &itjon of codified knowledge
(e.g. design and engineering specifications for mmeries). Before turning into
productive and technological capabilities, thesevkadge ingredients have to first
be processed, transformed and adapted by thoses astgaged in production in
firms. A broad range of machines, equipment and firfrastructures, all of which
are elements that define the production capaciy given firm, complement these
actors. In fact, as discussed in section 1.2.2,tthAesformation of knowledge
ingredients in productive capabilities would not paessible without a series of
strategic investments aiming at the expansion ofiyction capacity. Thus, the set
of input factors entering the learning processesranuction must be proxied by a
series of information which captures the preserfc&knmwledge ingredients’ and
the ‘production capacity’ at the country level. €ak together, ‘knowledge
ingredients’ and ‘production capacity’ constitutehatr we call thecapability

determinantgsee Figure 6).

e Capability enablers

The firm-level process of productive capabilitieevelopment, its speed,
effectiveness and multi-directionality are affect®d the presence (absence) of a
series of ‘mediating factors’ which are country-gfie. These mediating factors,
mainly infrastructures such as roads, railways,t pwtwork systems, public
research infrastructures and ICTs, act as fadilgafactors rather than directly
entering the firm-level process of productive calittds building. In other words,
by reducingiransaction costge.g. transportation costs of machinery or tedahni
exchange) anbkarning costge.g. increasing absorption capacities with IGaster

diffusion of productive best practices) these fexctnable processes of productive
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capabilities building and accumulation at firm Ievehey are referred to here as

capability enablers

To recap, processes of productive capabilitiesdmgl and accumulation are triggered by two
groups of input factors which we refer to here eapability determinantsand ‘capability
enablers, respectively. The main reason for distinguishirgween these two groups of input
factors is that they play different roles in protive capabilities building. Another reason
behind this is that input factors, being determisanr enablers, are linked more by a
relationship of complementarity than one of substhility (see also sections 1.2.2 and 3.1). In
fact, by developing sub-indicators for investmentproduction capacity on the one hand, and
sub-indicators for knowledge ingredients (mainlyestments in human capital), on the other, it
is also possible to analyse the relationships ohptementarity that exist among the input
factors grouped into capabilities determinants.a¥e at the country level, investments in
production capacity and investments aimed at irstngathe amount of knowledge ingredients

available to firms (typically, human capital) chdt different forms of policy intervention.

¢ Production outputs and capability outcomes
According to the amount and quality of capabilitsterminants and capability
enablers available in a certain country, and givenability of its entrepreneurs to
identify and capture productive opportunities, Widiial firms (or groups of firms):
- Will be able to undertake production processes icedain combination of
sectors and industries;
- Will experience cumulative processes of learning aroductive capabilities
building triggered by ‘internal compulsions’ in piuction (Rosenberg, 1969 and
1972);
- Will be continually reshaped by processes of ‘déueatdestruction’
(Schumpeter, 1932).

As a result of these dynamics, a certain amounproductive capabilities develop and
accumulate, while others are simply transforme@wan lost. In turn, the new developed and
accumulated productive capabilities, referred toe Fescapability outcomesare continuously
reinserted in production and affect the same legrprocesses from which they have been
derived — i.e. feedback mechanisms. Given the tfzat the firm-level dynamics generating

capability outcomes are extremely complex and awenected, measuring the amount of
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capability outcomes generated in a certain coustiy time period turns out to be particularly
difficult. Two strategies are proposed here.

Firstly, as shown by trade-based indicators (segose2.3), the development and accumulation
of productive capabilities at the country levelreflected’ in itsproductive outputsthat is, in
the basket of commodities produced and internalipticaded The latter can be proxied by
considering the specialization of a given countryhe production of certain commaodities with
a certain degree of complexity or by looking atpaitindexes such as MVA, also disaggregated
for low-, medium- and high-tech sectSrsThus, these productive outputs are indirect measu
of the productive capabilities developed and emgdoyn production by the set of firms

producing in a certain country.

However, there are few capability outcomes suclmeag products, new machineries or new
blueprints that can be directly measured. The reasthat these kinds of capabilities outcomes
tend to be codified and, when possible, patentedadt, capability outcomes such as patents
become part of the stock of knowledge ingrediertickvtriggers the initial process of learning
in production — i.e. the feedback mechanisms. Thhsie are a set of directly measurable
capability outcomes that re-enter the learning nodpction process as new capability

determinants.

Figure 6 A new analytical framework for country-level productive capabilities indicators

vowenc:. RS 4 capaBiLITY
INGREDIENTS reerrenrnneet e, OUTCOMES
(Human Capital) (COIlldEX)

Ay

LEARNING
Productive capabilities

building and accumulation .
Capability

outcomes

INVESTMENTS

(Production CAPABILITY ENABLERS

Capacity Expansion)
- . (CEIndex)

Source Author.

% For any given country, the patterns of specidtizaand diversification followed by its firms will
determine their technological and productive strret
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To recap, the new methodology suggested here fsausehree direct measures of productive

capabilities — i.e. capability determinants (CDgpability enablers (CE) and capability

outcomes (CO) — and one indirect measure of codewsl capability outcomes — i.e.

production outputs (PO). The possible variables dath sources that are included in the

construction of each composite indicator are sysitieel in the following Table 20.

Table 20

outcomes and production outputs

Composite indicators for capability deterrmants, capability enablers, capability

PRODUCTIVE CAPABILITIES INDICATORS (PCI)

DIRECT MEASURES INDIRECT MEASURES
Capability Determinants CDIndex Capability Enablers CEIndex Capability Outcomes Production Outputs POIndex
COlndex
R&D expenditure by R&D public expenditure Patents taken out in the US Industrial intensity
productive enterprises (per capita and as a % of GDP) (per 1000 people) (as calculated for the CIP)
(per capita and as a % of GNP)
g | Secondary and tertiary Traditional infrastructure ISO certificates Export quality
N | education (e.g. commercial energy use) (per 1000 people) (as calculated for the CIP)
D
0 | Vocational students Personal computers Product complexity and
G | (asa % of population) (per 1000 people) diversification
E (e.g. export baskets)
N | Tertiary technical Internet hosts
0 | enrolments (per 1000 people)
U | (asa % of population)
§ | Graduates in science and Mobile phones
engineering (per 1000 people)
E | (asa % of population)
F
F Telephone mainlines
0 (per 1000 people)
R
T
Royalty and licences
I | payments
M | (per capita and as a % of GDP)
P
O | FDlinward per capita
R
T
E | Capital goods import
D | per capita

Note: The list of variables for each composite indicator is not definitive as various tests (e.g. correlations among variables) have to be performed
to confirm that these variables can be used as a proxy for each of the dimensions selected: CD, CE, CO and PO.

Source Author.
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Benchmarking, ranking, cross-country comparisons @the analysis of trajectories

Given the fact that the four productive capabditiadicators proposed here are modular, it is

possible:

(i)

(ii)

(iif)

To add variables into homogenous groups of facto@mnely capability

‘determinants’, ‘enablers’, ‘outcomes’ and prodantioutputs’;

To consider the interaction among different setgasfables inside each group.
For example, the CDIndex might be disaggregatestparately analyse (and in
an interacting way) the ‘knowledge ingredients’ qament from the

‘investment in production capacity’ component. Thigkes it possible to
determine the existence of mismatches betweenmbieséts of complementary
input factors as well as whether the industrialigieé have been oriented
mostly towards one component or the other. Angpiosssibility is to aggregate
input factors according to their origin, in parfemuby distinguishing capability
determinants that are endogenously generated fnosetwhich are imported
from other countries (the latter typically beingchieology acquisitions of
codified knowledge measured by royalty paymentprduction equipment
measured by capital goods imports).

To integrate the set of indicators developed withep available sets. For its
theoretical and methodological premises, the muostadiate integration is the
one with UNIDO’s Industrial Development Scoreboafdee section 2.1.7.2).
Specifically, if we substitute the Production Outpdex (POI) with the index

of Competitive Industrial Performance (CIP), weaibtan updated version of
the IDS which combines the CIP as an output measitiethe three composite
indexes for capabilities determinants (CDI), caliéds enablers (CEI) and

capabilities outcomes (COI).

The set of possibilities listed above mainly refevdenchmarkingand ranking countries as

well as performingross-countries comparisomg each point in time. However, the Productive

Capabilities Indicators (PCI) can also be adoptét time-series data for performing different

longitudinal analyses (see section 3.1 on the itapoe of considering time lags and time

scales) and cluster analySesAs illustrative cases of the many possibilitideered by these

indicators, the paper stylizes the following poks#émalytical exercises:

% Cluster analysis is a statistical technique feniifying relatively homogenous groups of caseg. (e.
countries) according to their quantitative feateg. a certain level of capability determinants).
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(i)

(ii)

(iif)

(iv)

(v)

PCI can be used to evaluataustrial development precursorghat is, the
‘starting point conditions’ in terms of productieapabilities shown by a given
country at a certain stage of development. Interglst the latter can be
proxied by levels of income per capita, but alsorbgre production-based
measures such as the composition of the exporebaskwell as the stage of
industrial development measured by MVA;

Given certain initial conditions, PCI can be usedaafocusing device for the
identification of those clusters of countries teaperience ‘learning-rich’ vs.
‘learning-poor’ experiences (e.g. fast growth of IR@th a relatively slow
growth of CDI);

PCI can be used for tracking the process of progrcapabilities accumulation
followed by a given country over time (as illusa@tin Figure 7). In other
words, it is possible to track how the relationshijetween CD, CE, CO, PO
change over time;

PCI can be used as a focusing device for the iimation of those clusters of
countries that experience unbalanced patterns ofiystive capabilities
accumulation (e.g. high-sustained CEIl and low/disooious CDI);

PCI can complement structural change analysis Bplaying the different
patterns of productive capabilities accumulatiodertying the transformation
of the productive/technological structure of a giveountry over time (see

Figure 8).

Figure 7 Tracking the relationships among differentfactors over time

CDIndex

Source Author.

Cluster of countries

Bubble size = CEIndex

B
o

POIndex
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Figure 8 Patterns of structural change and productre capabilities accumulation
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Source Author.

Further research needs to be carried out to tesethew methodologies and compare the results

obtained with other similar direct and indirectiwators of productive capabilities.

3.3  Disaggregated diagnostics: Industry-specific ahfirm-level productive
capabilities

Productive capabilities development in some indestr(e.g. manufacturing/capital goods
production) is more complex than in others (e.ocpss industries). For example, the fact that
firms in manufacturing industries have the necgsgaols to self-construct machinery for their
own use or upgrade and recondition second hand in&ghopens a broad range of

opportunities for in-house technical change as wsllproductive capabilities building and
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accumulation (Rosenberg, 1969, 1976, 1982; Ronh@@Q)%. Thus, capability indicators have
to be constructed taking into account the spetigiof different industries determined by each
industry’s productive capabilities requirements,oltedge base, divisibility of tasks and
modularity, scale and time constraints, materialsise, etc. (Pavitt, 1984). These differences
remain obscured by the typical 2-digit level anasly&)nfortunately, data sets at the 3 and 4-
digit levels that cover a broad range of countaiesextremely rare for all sectors, even for more
advanced economi¥sInterestingly, recent innovation indexes haveupeigtroducing sectoral
and sub-sectoral differentiations on the basisatéited national surveys. The NESTA (2009)

research work for the UK productive/technologidalsture exemplifies this tendency.

This paper suggests two possible strategies tysmahdustry-specific productive capabilities
and, thus, the construction of indicators with niegful technological contents. Both strategies
are based on a common analytical framework whiatoissistent with structuralist analyses of
production processes (Scazzieri, 1993; Landesmauth Sxazzieri, 1996; Andreoni, 2010).
These approaches open the black box of productjodelscribing it as a specific network of
interrelated tasks through which transformationsnwiterials are performed according to
different patterns of capabilities coordination aate subject to certain scale and time
conditions. Thus, three analytical focuses aretified, namely the set of tasks performed in a
process (space of task$, the set of materials transformed (space of nas$dvl) and, finally,
the set of productive capabilities (capabilitiessgC) necessary for performing that specific

production process. These three spaces are visdafiZigure 9.

The first approach for measuring industry-spea#pabilities is based on the idea that focusing
on the set of tasks that have to be performedddyme a certain commodity allows us to infer
on the specific capabilities owned by a genermmfin the given industry — i.e.task complexity
benchmark A refined methodology based on the task compfekignchmark approach is
developed by Romijn (1999). This study is a bestcfice example of a firm-level in-depth
survey on productive capabilities. Here, an adfligtdicator is developed based on a survey of
small metal working firms in developing countrieBhe measurements are obtained as a
combination of inputs variables (e.g. machinessqamel) and output variables (e.g. degree of
manufacturing complexity). The reason why inputtedl variables are not sufficient and,

consequently, have to be complemented by outpidhlas — i.e. product range and complexity

% This is another reason why ‘manufacturing develeptnis particularly relevant in the process of
economic catching-up.

" In this respect, th&/NIDO Industrial Statistics series an exception, as it allows capturing main
indicators for the manufacturing sector at 2- ardight levels.
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— is that a given set of machines and equipmenbearsed to produce a wide range of products
of varying degrees of manufacturing complexity.fét, the manufacture of some products
requires technically more advanced tasks to beiechrout using certain machines and
equipment than others. Moreover, as each producade up of different components produced
by different firms, the output indicator (produeinge and complexity) has to be adjusted with
input indicators which take indirect productive abjities into consideration (e.g. those
obtained by buying components produced by othedssaid in the market). A set of variables
used in Romijn’s (1999) firm-level study are syrsized in the following Table 21.

Figure 9 The analytical map of production

Y

C = [c] Pr: M = [my]

SKILL PROFILES BENCHMARK TASK COMPLEXITY BENCHMARK

Source Andreoni (2010:22).

Table 21 A first review of variables for firm-levd capability survey design

i1. Complexity of products

i2. Quality of products (indirect measures: use of measuring equipment, testing methods, etc)

i3. Degree of product diversification

i4. Level of internal design skills (indirect measures: mastery of technical drawings, no. of designers, etc.)

i5. Incidence of self-construction/improvement/adjustment of machines and equipments

i6. Complexity of the organization of production (indirect measures: no. of supervisors, functional division of tasks,
etc.)

i7. Adoption of scientific production methods

i8. Expenses for R&D and training

i9. Range and complexity of engineering products (UNIDO, 1989)

Source Author.
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An increasing number of innovation surveys, like ttine conducted by Romjin, have been
undertaken in the last decade, although many oh tlaek the analytical grounding necessary
for making the research process effective and,,tho®rmative. The OECD’s recent

publication,Innovation in firms: a microeconomic perspectit@gether with the Oslo Manual

(OECD, 1991) are useful tools for designing coesistand comparable innovation surveys.
Although the subjective nature of many of the resgs obtained through innovation surveys
have been criticized, they make it possible fotaugrasp important ‘process information’. For
example, they can allow for the consideration apgetbpment of process indicators about

firms’ objectives, barriers, informal linkages,angibles, etc.

The second approach, labelled here assHil profiles benchmarkis based on the direct
observation of skills requirements in each industng thus on the idea that it is possible to
extrapolate a stylized representation of the skiltsfiles that a generic firm in a specific sector
has to be equipped with to conduct certain prodectctivities. Skills profiles provide a
stylized representation (proxy) of an importantsailof the productive capabilities a generic
firm in a specific industry has to be equipped withperform a certain set of tasks. This
approach has been rarely followed, especially witpard to our specific goal of assessing
sector-specific productive capabilities. Few eximyst can be found in ad hoc national, regional
and firm-level surveys or in studies about demamdskills and skills change (Wolff, 1996 and
2002) or skill-relatedness (Neffke and Henning, P00Defining specific skills profiles
benchmarks for each industry should not let usdbtbat the same production process can
actually be performed by different combinationgpaiductive capabilities and that they have to

be complemented by investments in the approprigiaresion of firms’ production capacity .

However, this exercise can be useful for counttlest aim to design selective industrial
policies. As a matter of fact, an assessment optbductive capabilities of a given country can
only tell us half the story. Being informed aboutextain country’s capabilities endowment
does not allow us to predict the country’s likebldoof entering a certain new productive
activity. To do so, we need to know what productbapabilities are required in that specific
new industry. By interfacing this information witlur country-level capability assessment, we
can evaluate which capabilities are and which are (ar not sufficiently) available in the

country. Lacking capabilities for entering a spiecihdustry should not, of course, lead a
country to abandon legitimate aspirations to stmaitchange as such capabilities may be
deliberately created. Instead, a lack of spec#igabilities has to be read as an explicit call for

selective industrial policies.
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The TCI — Technology Complexity Index

Industry and Development Global Reports UNIDO (1989/90: 123-128) and
(1990/91:34)

The TCl is, to our knowledge, among the first dethindicators which takes account of sector-
specific characteristics starting from a refinednbanation of the two approaches detailed
above. This methodology termed ‘technology compjeainalysis’ has been conducted by a
team of experts, mainly engineers, since 1979. fit@thodology was applied to the 145 most
commonly produced capital goods in the machinery eaquipment industry, ranging from
simple metal drums to commercial airplanes. Capdabds were used because their
manufacture requires those working skills and pctida knowledge essential for
industrialization. Each ‘capital good’ is produdegl assembling a series of ‘constituent parts’.
Based on a detailed list of ‘parts’ and ‘componeasswell as technical information about the
assembling process, a team of engineers defineskithescore (S) for each assembling process
and for the production of each part and componé&his evaluation considered 45 distinct
technology elements including organizing, managamgl executing factory operations in
addition to various machine operating skills. Bagedhis information, the T@lesults for each
capital good are derived from the sum of the skills score ef élssembling activit® and the

sum of theTCl of each part and compongnt

TCl, =9+ Zj TClj * Pj

where Ris equal to 1 if th¢ part is domestically produced, and otherwise etpu@l Next, an
overall technological complexity index (OTCI) foaiah developing country was calculated by

adding the net technology complexity index of esieh-product domestically producéd

Concluding remarks

The need for productive capabilities indicatorsdmes evident when we face the problem of
designing selective industrial policies for struatuichange. In order to be contextually viable,
time-effective and structurally feasible, theseiget have to be informed by appropriate
productive capabilities indicators. Although manf today’s industrialized countries have
implemented successful industrial policies by mdyimainly on the ‘rule of thumbs’ provided

by classical development economics (List 1844; Boll) 1950; Hirschman, 1958; Kaldor,

% See also Hobday (1998) and Hobday, et al. (2004he qualitative and quantitative assessment of
CoPS: Complex Products and Systems.
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1966; Chang, 199%) this paper suggests that in today’s global divisif labour, catching-up
economies can also benefit from adopting other isgts and benchmarks, including

productive capabilities indicators.

Productive capabilities have been defined as patsamd collective skills, productive
knowledge and experiences embedded in physicatsaged organizations needed for firms to
perform different productive tasks as well as t@amdand conduct in-house improvements
across different technological and organizationancfions. The paper has developed an
analytical framework for the study of productivepahilities and has highlighted the need to
link the analysis of structural change with prodweectcapabilities dynamics. Various synthetic
indicators adopted by international organizationd endependent researchers in cross-country
comparisons of productive capabilities, industidald competitive performances have been
reviewed and compared. By subsequently identifythg methodological problems and
informational limits of the various indicators akedile, the paper has developed a new set of
industrial diagnostics to map the different drivefstructural change dynamics and to measure

productive capabilities at the national, industnd &irm levels.

The methodology offered here is based on the ditim of three sets of factors which,
respectively, enter, interact and result from psses of learning in production. For each of
them, the paper proposes three direct measuresodugtive capabilities — i.e. capability
determinants (CD), capability enablers (CE) andabdiy outcomes (CO) — and one indirect
measure of country-level capability outcomes — peoduction outputs (PO). The paper
highlights that reliance on multiple informatiorsgaces and the analysis of the relationships
among input, output and mediating factors into ascent causal structure is a fundamental

starting point for the design of industrial polie

In fact, country-level indicators of productive aajlities can function as focusing devices and
tools for benchmarking and ranking countries adogytb the process of productive capabilities
building and accumulation experienced. In particuf@roductive capabilities indicators are
extremely useful tools for assessing and compahiagoroductive and technological structures
of different countries. Moreover, by relying on @rseries data they can be employed as
diagnostics for identifying the presence iotlustrial development precursofghat is, the
‘starting point conditions’ in terms of productieapabilities demonstrated by a given country at

a certain stage of development); the different etfgjries of productive capabilities

%9 See Chang (2002) for an analysis of industriaicjes in a historical perspective.
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accumulation at the country level and, finally,ithenpact on productive performances and

structural change dynamics.

Finally, the paper also underscores how the desigelective industrial policies depends on
the availability of industrial diagnostics at diféat levels of aggregation. Moreover, the latter
should allow policymakers to capture the specifiodoctive capabilities requirements of

different industries. Therefore, the analysis diirdoy-level indicators has been complemented
by the elaboration of new methodologies to analgdastry-specific learning dynamics based,
respectively, on skills profiles benchmarks andk ta@mplexity benchmarks. Further work will

need to be conducted to test and integrate thesemehodologies and to compare the results

obtained with other similar direct and indirectiwators of productive capabilities.
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