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ABSTRACT: The aim of this paper is to propose a typology of industrial policy based
on the dialogue between neo-Schumpeterian and developmentalist frameworks that
incorporates in its normative guidelines the transformations in the techno-productive
paradigm in recent decades and their consequent impacts on the competitive, innovative
and accumulation dynamics of industrial activities. The article proposes a theoretical
discussion with normative implications based on the analysis of the literature on the
transformations in the nature of two objects: the changes in the techno-productive
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paradigm from the 2000s to the efforts towards the promotion of Industry 4.0. As a result,
an attempt is made to theoretically justify the design of industrial policies that shift
from overly general normative guidelines towards the ones based on the simultaneous
understanding of the combination of three specificities of activities supported: (i) levels
of capabilities of agents—technological, productive and organizational, (ii) the analysis
of the potential degree of effectiveness of industrial policies and (iii) the degree
of transversality of the promoted activities.

KEYWORDS: Industrial policy; development; productive structure; innovation;
industry 4.0.
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A RETOMADA DO DEBATE SOBRE POLITICA
INDUSTRIAL: LIMITACOES E UMA SUGESTAO
DE TIPOLOGIA NORMATIVA A PARTIR
DO DIALOGO ENTRE AS CORRENTES
NEOSCHUMPETERIANA E DESENVOLVIMENTISTA

RESUMO: O objetivo deste artigo ¢ a proposicao de uma tipologia de politica industrial
a partir do didlogo entre as correntes neoschumpeteriana e desenvolvimentista que
incorpore em suas diretrizes normativas as transformagdes no paradigma tecnoprodutivo
nas ultimas décadas e seus conseguintes impactos na dindmica concorrencial,
inovativa e de acumulagdo das atividades industriais. O artigo se propée a realizar um
esfor¢o de natureza tedrica com implicagdes normativas a partir da analise da literatura
sobre as transformagdes da natureza de dois objetos: as transformagdes no paradigma
tecnoprodutivo desde os anos 2000 até os esfor¢os rumo ao fomento ao que se
convencionou denominar de Industria 4.0. Como resultado procura-se justificar
teoricamente o desenho de politicas industriais que transitem de orientagdes normativas
demasiadamente generalistas em dire¢do a orientagdes fundamentadas na compreenséao
simultanea de especificidades das atividades incentivadas a partir dos (i) niveis de
capacitagdes — tecnoldgicas, produtivas e organizacionais — dos agentes locais,
(ii) da analise do potencial grau de efetividade das politicas industriais e (iii) do grau
de transversalidade das atividades fomentadas.

PALAVRAS-CHAVE: Politica industrial; desenvolvimento; estrutura produtiva;
inovagao; industria 4.0.
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INTRODUCTION

The goal of this article is to propose a typology of industrial policy based on the dialogue
between the neo-Schumpeterian and developmentalist approaches that incorporates in
its normative guidance the changes in the techno-productive paradigm in recent decades
and their consequent impacts on the competitive dynamics of industrial activities.

The viewpoint of this paper is that the gaps in the normative guidance of industrial
policies originated in these two approaches stem mainly from the limited dialogue
between the two interpretations. In other words, the gaps are not due to conceptual
issues and serious deficiencies in the fundamentals of the respective frameworks.
This article thus seeks to contribute to the literature by establishing a dialogue between
these approaches, proposing a typology of industrial policy that is capable of supporting
a normative guidance that considers the specificities of the stimulated activities and
the respective production and institutional structures to which they belong.

Methodologically, this paper undertakes a theoretical effort with normative
implications based on the analysis of the literature on the transformations of the techno-
productive paradigm from the 2000s to the emergence of the so-called Industry 4.0.

Based on this context and the dialogue between complementary analytical currents,
the typology proposed in this article seeks to contribute with elements to theoretically
support the design of industrial policies that evolve from overly general normative
guidance to guidelines grounded in the simultaneous understanding of the specificities
of the encouraged activities based on (i) local agents’ capability level —technological,
productive and organizational (COHEN; LEVINTHAL, 1989; KHAN, 2019; PISANO, 2017;
TEECE; PISANO; SHUEN, 1997); (ii) the degree of effectiveness of industrial policies
(AMSDEN, 2001; ANDREONI; CHANG, 2019; BEST, 2018; EVANS, 1995;
KATTEL et al., 2022); and (iii) the degree of transversality of the stimulated activities
(ANDREONT, 2020; FAGERBERG, 2017; FREEMAN, 1995; HIRSCHMAN, 1958;
KALDOR, 1966; KENNEY ; BEARSON; ZYZMAN, 2021; LUNDVALL, 1992, 2016;
NELSON, 1993; PEREZ, 2010).

To this end, this paper revives the centrality of the relationship between industrial
structure and its heterogeneity and the constraints of the catching-up process, from the
developmentalists perspective. The levels of technology and innovation capability are
then incorporated to those constraints as main variables for competitive dynamics in
a context of transition of the techno-productive paradigm, as suggested by the
neo-Schumpeterian interpretations based on the suggestion of “smart policies”™ Lastly,

! According to Andreoni and Chang (2019), these are understood as policies that aim mainly to focus
industrial policy efforts on furthering knowledge through investment in education and R&D, in contrast
to traditional industrial policies, based on subsidies and protectionism.
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as a further effort to establish a dialogue between these approaches, this paper analyzes
the capacity for permanent institutional transformation as a guiding element for
the applicability, coordination and enforcement of industrial policies, as suggested
by the interpretation based on mission-oriented policies.

For this purpose, this article is structured into three sections, besides this introduction.
The first presents the context of the renewed debate on industrial policy after the 2008
crisis and analyzes the main contributions of developmentalists and neo-Schumpeterians
to the subject, as well as some of their limitations. In section two the typology is developed
and illustrated. Last, the conclusions are presented.

1. THE RENEWED DEBATE ON INDUSTRIAL POLICY AFTER THE 2008 CRISIS:
INTERPRETATIONS AND LIMITATIONS

The main role of industry in the process of accumulation and, consequently, of economic
development is observed still in its embryonic stage in the emblematic “pin factory” example
of Adam Smithss classic work (1776). The unique character of industrial activities in furthering
development is evidenced by the increasing returns derived from greater production scale
and the incorporation of technical progress, resulting in greater productivity and also greater
income elasticity of demand for their products (KALDOR, 1966). This importance of
industry has been reinforced over time by the growing efforts made by other countries—
through active State participation—to achieve the level of productive development of the
British economy. In this sense, works by Hamilton (2007 [1791]) and List (1989 [1841])
clearly outline the need for public policies to promote industrialization.

Industrial policy instruments were widely used in the first half of the 20th century,
not only to further the new industrial pattern but especially within broader public
policies aimed at the recovery of economic activities after the 1929 crisis and the war
efforts to face the long, devastating world conflicts (BEST, 2018; CHICK, 2018),
particularly during World War II, when a widespread process of industrial reconversion
and great technological achievements took place (BONVILLIAN, 2021). In the post-war
period, there was a consensus that industrialization was an essential condition for
development, whether for the reconstruction of war-torn core countries or the catching-up
of peripheral ones (FURTADO, 1961; MYRDAL, 2012 [1968]; NISHIJIMA, 2012;
PREBISCH, 2000 [1949]). In this context, industrial policy established itself as the main
means to achieve such development, taking on a key role in the political and economic
debate of the period, although its meaning, scope and instruments varied significantly
(ANDREONI; CHANG, 2019; OQUBAY et al., 2020).

Industrial policies started to lose momentum during the economic crises of the

mid-1970s, but it was the advance of neoliberal ideas and policies in the 1980s and
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1990s—commanded by the US—that was responsible for the decline of active
industrial policies. According to Labrunie, Penna and Kupfer (2020), during this period,
government action was limited to setting the “rules of the game,” besides sponsoring
deregulation and privatization policies. In the academic debate, the prevailing trend
turned against industrial policies, associating them with government failures and the
predominance of rent-seeking behaviors (NAUDE, 2010; RODRIK, 2007). Only horizontal
policies aimed at improving overall industrial quality and competitiveness were considered
by academia and policy makers.

Albeit enfeebled and ousted from the main economic debate, academic production
on industrial policy advances in this period, seeking to understand the dynamics of the
profound transformations underway in the world economy. On the one hand, the advance
of the third industrial revolution, centered on the spread of information technologies in
the 1980s and communications in the 1990s, enabled not only the creation of new products
and sectors but also a major change in the productive structure, which became centered
on global value chains (GVCs) (GEREFFI; HUMPHEY; STURGEON, 2005;
HUMPHREY, 2004). On the other hand, new and efficient models of industrial policy—
centered on a process of technological learning—were implemented, in some countries
of East and Southeast Asia, for example, which enabled active insertion in GVCs. Prominent
in this period are the works by Evans (1995), Chang (1994) and Amsden (2001).

In the first two decades of the 21st century, this process of reorganizing production
on a global scale, based on technological transformations combined with commercial
and financial liberalization, brought about a disruption in the existing relationships
between accumulation, innovation, and development within developed countries.
Conversely, the same period witnessed the emergence of the vigorous Chinese economy;,
the result of continuous industrial policies implemented by the State within a
comprehensive and bold national development plan (DIEGUES; ROSELINO, 2020).
However, due to its territorial, demographic, and geopolitical dimensions, China’s
exceptional economic progress starts threatening the leadership of developed countries.

Moreover, the first decades of the 21st century also shed light on major long-term
challenges that can be summarized in the megatrends presented by multilateral institutions
and consulting firms (PRICEWATERHOUSECOOPERS, 2021; UNITED NATIONS, 2020):
(i) demographic changes, marked by global imbalances; (ii) accelerated urbanization,
straining the infrastructure and social fabric of cities; (iii) climate change and nature
degradation, with serious consequences for populations and ecosystems; (iv) the shift in
global economic power from the North Atlantic to the Asia-Pacific region resulting from
the advance of Asian economies as presented above; (v) technological advances.

Technological advances have brought about the rise of a new techno-productive

paradigm, characterized by a large and diversified set of disruptive innovations,
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with profound economic and social effects, as listed by the McKinsey Global Institute
report (MANYIKA etal.,2013) and the OECD (2017). According to Coutinho et al. (2018),
these technologies can be arranged into eight large groups: three of them related to
information and communication technologies (artificial intelligence, communications
networks, and internet of things); smart factories (innovations directly linked
to production); new materials; new energy sources and storage; and biotechnology.

Despite the different analyses, this new techno-productive paradigm has become
known as Industry 4.0, a concept originated in Germany in 2011% and that served to
compile a set of recommendations for the German government and entrepreneurs,
aiming to restructure production comprehensively and profoundly. In this sense,
the concept is conflated with a Fourth Industrial Revolution. It is worth emphasizing
that this process of change does not originate outside the productive structure nor are
the technologies freely available in the market to be acquired and incorporated
(DAUDT; WILLCOX, 2016). On the contrary, as Diegues and Roselino (2020) note,
all these technological transformations have been driven in developed countries by
mobilizing initiatives—public and business-oriented—and are aimed at offsetting
the advances of the Chinese economy and responding to the challenges posed
by the abovementioned megatrends.

In this context of profound structural change, the turning point is the economic crisis
of 2008, which marks the end of almost three decades of hegemony of neoliberal thought
and policy. From this point on there is a progressive return to explicit industrial policy
initiatives, which once again play a key role in the economic policy of developed countries,
aiming to reconfigure the determinants of competitiveness and thus regain technological
superiority and restore the previous international hierarchy between the productive structures.
For example, the emblematic American Recovery and Reinvestment Act, approved in the
US in 2009. Labrunie, Penna and Kupfer (2020) also highlight the industrial policies issued
in Germany in 2014, named the New High-Tech Strategy — Innovations for Germany, and
the United Kingdom in 2017, Industrial Strategy. However, it should be noted that China
also seeks to exploit the opportunities provided by changes in the techno-productive paradigm
to advance and conclude its catching-up process, especially with the Made in China 2025
and China Standard 2035 policies (CHEN; NAUGHTON, 2016; LEE; 2019).

Industrial policy thus regains a prominent place in the academic debate, resulting
in a wide range of approaches seeking to understand how industrial policy strategies

contribute to or even determine economic development.

? This concept was formulated in 2011 by Henning Kagermann, head of the German Academy of
Sciences and Engineering (Acatech), and is one of the most used worldwide to refer to the wide range of
technological changes that have impacted the world’s productive structure (KAGERMANN et al., 2016).
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Within the mainstream, the main industrial policy propositions relate to the Market
Failures Approach, to the effect that public policy interventions should privilege
knowledge-intensive sectors (AIGINGER; RODRIK, 2020; STIGLITZ;
GREENWALD, 2015). In turn, Lin (2012) advances within the mainstream approach
by proposing the Growth Identification and Facilitation (GIF) strategy, i.e., basing the
catching-up process on an industrial policy that stimulates areas related to those that
already have clear comparative advantages. Along the same lines, Hidalgo and
Hausmann (2009) present the strategy of industrial diversification based on similarity
with exported products, the Space Product Approach. Despite making significant
contributions to the academic debate, the strategies lack the boldness observed in
the case of the “Asian Tigers” (Singapore, Hong Kong, South Korea, and Taiwan),
in which competitive advantages were developed in a dynamic and non-linear manner
(CHANG; ANDREONTI, 2016).

The context discussed in the previous paragraphs gives rise to a renewed debate—
political and academic—on industrial policy as a key element to forge the transition from
the techno-productive paradigm to Industry 4.0 and partially circumvent the inherent
tensions of the dynamics of capital accumulation that were heightened after the 2008 crisis.
However, despite the important contributions previously mentioned, there is a relevant
gap in the literature: the lack of dialogue and complementarity between the principal
non-mainstream analytical trends—neo-Schumpeterian and developmentalist.

It is precisely from this viewpoint that this paper seeks to contribute to the debate
by proposing a typology that, based on the establishment of a dialogue between these
two analytical trends, circumvents certain limitations associated with each of them.
The proposed approach theoretically supports the design of industrial policies that
move from overly general normative guidance to guidelines grounded in the simultaneous
understanding of the specificities of encouraged activities based on (i) the degree of
effectiveness of industrial policies, (ii) the level of technological and innovation capability
of agents, and (iii) the degree of transversality of those activities.

To this end, like in Chang (1994), this paper starts out from a strict definition of
industrial policy, understood as well-defined initiatives with clear and measurable goals,
aimed at specific sectors and activities, that seek to encourage efficiency and structural
change. This definition, still in line with that proposed by Chang (1994), emphasizes
the particular character of industrial policy. Thus, it excludes “policies designed to affect
industry in general (for example educational investment, infrastructural development,”
and also “policies aimed principally at categories other than industry (for example
regional policy, ‘group-oriented” policy) from the domain of industrial policy”
(CHANG, 1994, p. 60-61). Although these policies have indirect impacts on industrial
dynamics, like in Chang (1994), this paper understands that they should not be conflated
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with actual industrial policies. Additionally, as suggested by the neo-Schumpeterian
approach, the definition of industrial policy used in this work argues that the search
for efficiency must be intrinsically associated with the encouragement of innovative
learning and creative destruction processes. In other words, what Cimoli et al. (2007)
call innovation or Schumpeterian efficiency.

Having presented the definition used by this paper to justify the proposition of a
normative typology based on the dialogue between neo-Schumpeterians and
developmentalists, a discussion is in order on some of the limitations of those
interpretations when taken in isolation, starting with developmentalism. In this work,
itis understood as contributions derived from the analytical matrix named Developmental
State (AMSDEN, 1989; CHANG, 1994; EVANS, 1995; JOHNSON, 1982; WADE, 1990)

Its main contributions are based on the analysis of catching-up processes in Japan,
South Korea, Taiwan, and China. Among the main common traits of the industrial
policies that enabled those processes, the Developmental State trend suggests:
(a) the presence of a vigorous public bureaucracy, with autonomy and effectiveness for
policy making and socio-political embeddedness (EVANS, 1995); (b) a high level of
direct and indirect State control over the economy’s accumulation dynamics;
(c) a reasonable degree of previous social homogeneity; (d) strong State/private sector
cooperation, coordinated by the former and subordinated to the logic of national
development; (e) low penetration of international capital in the domestic economic
structure; (f) direct and indirect State control over the financial system, subordinating
it to production; and (g) the existence of an international scenario/geopolitical context
reasonably conducive to national catching-up strategies.

Prominent among recent contributions of developmentalism to international literature
are works by Ha Joon-Chang and Antonio Andreoni, as mentioned above. In Chang
and Andreoni (2016), specifically, the authors aim to “[...] after reviewing three centuries
of economic debate on industrial policy [...] develop a new theory of industrial policy,
incorporating some issues neglected in the debate so far and taking into account the
recent changes in economic reality” (CHANG; ANDREONTI, 2016, p. 1). Generally
speaking, the great effort made by the authors—in both this and countless other works—
seems to focus mainly on what they call “bringing production back” (ANDREONT;
CHANG, 2017). That is, to revive the centrality of production as a subject of analysis
for industrial policy (ANDREONL; TREGENNA, 2019).

Although it is an important contribution, largely in agreement with the interpretation
of this work, for the authors of this paper its analyses still seem fairly restricted to the
framework present in Chang (1994), who is an important exponent of the classic readings
of the Developmental State, typical of the techno-productive pattern of the transition

from the Second to the Third Industrial Revolution in the last quarter of the 20th century.
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In pointing out the limitations of these interpretations, there is absolutely no intention
to question their premises and fundamentals. Quite the contrary, given that this paper
supports the same analytical trend. What is intended is precisely to point out a few gaps
with regard to the feasibility of reproducing these strategies in the current context of
changes of the techno-productive paradigm, among which we can mention:
(a) fragmentation of production, (b) emergence of GVCs, (c) servitization of industrial
activities, (d) advanced digitization of production, (e) blurred boundaries between
sectors, and (f) the effort to develop Industry 4.0, among others. Some of these gaps,
in turn, seem to derive, to some extent, from the lack of dialogue with the contributions
of neo-Schumpeterian literature.

The first gap concerns the fact that recent contributions of developmentalism have,
at least partially, neglected the dynamics of technology learning through encouragement
to build “dynamic capabilities” (KHAN, 2019; PISANO, 2017; TEECE; PISANO;
SHUEN, 1997)°, whether within organizations or national or sectoral innovation systems
(FREEMAN, 1995; LUNDVALL, 1992; NELSON, 1993). Despite stressing the accelerated
changes stemming from the digitization of the economy, Chang and Andreoni (2016)
and Andreoni and Chang (2019) analyze learning almost as a by-product of the logic
of concentration of investment in large companies in order to enable increase in economies
of scale, as is quite typical of the works of the Developmental State in the last quarter of
the 20th century. More than that, they seem quite skeptical of neo-Schumpeterian smart
policy suggestions. According to the authors,

the above discussion about learning in production has some important implications
for industrial policy design. In the last couple of decades, much emphasis has been
put on ‘smart’ industrial policies that encourage knowledge generation (investments
in education and R&D), against those clumsy, traditional ones that provide
protection and subsidies. However, once we recognise the importance of learning in
production, we begin to see that no amount of ‘smart’ policies will generate
innovation without those ‘dumb’ policies that keep firms in business and help them
expand their production. (ANDREONI; CHANG, 2019, p. 24)

This limitation is further intensified in a setting of increasing integration between
knowledge-intensive services and manufacturing, since the dynamics of competition
and learning in these activities is quite different compared to the typical industrial

> “We define dynamic capabilities as the firm's ability to integrate, build, and reconfigure internal and

external competences to address rapidly changing environments. Dynamic capabilities thus reflect
an organization's ability to achieve new and innovative forms of competitive advantage given path
dependencies and market positions” (TEECE; PISANO; SHUEN, 1997).
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pattern of the techno-productive paradigm in which the Asian countries developed
their catching-up strategy.

Finally, the recent discussion of developmentalist studies still seems to be basically
centered on large, State-owned (or very close to the State) groups, typical of Asian
configurations. Thus, given the centrality of this agent as a seemingly causa causans of
structural transformation, gaps are observed in the systemic understanding of
the logic of competition and innovation in the current context of transition of the
techno-productive paradigm. This would require, as the neo-Schumpeterians show,
an analysis that incorporates a higher level of transversality and a greater number
of agents, as well as of their interactions.

Once again, it is necessary to stress that this work in no way underestimates the
importance of large conglomerates and State-owned companies as instruments for the
operationalization of industrial policy. On the contrary, their essentiality in this regard
is totally acknowledged, especially in developing countries and contexts of increased
inter-capitalist and inter-State competition, such as those that mark the transition
of techno-productive paradigms. However, this article aims to highlight the need to
understand the dynamics of competition and innovation from a broader outlook of the
economic spectrum, capable of incorporating recent changes in these dynamics from
a systemic perspective. Also worth noting are the difficulties of reproducing the strategy
of full coordination in a context of weakening investment capacity of nation states
and consolidation of an international institutionality that restricts industrial policy’s
room for maneuver (CHANG; ANDREONI, 2016).

Despite these limitations, recent contributions by developmentalists emphasize two
important guidelines for formulating industrial policies in the current context of
paradigmatic transition that are also key to the typology proposed by this article. The first
states that, despite the limitations mentioned above, industrial policies should consider
the prior assessment of their capacity to be truly effective (accounting for the global
dynamics of accumulation, competition and innovation in each area of activity)
(ANDREONI; CHANG, 2019). To this end, it suggests that both policies and institutions
should undergo constant transformation to adapt to the changes of the targets of
encouragement (ANDREONTI, 2020; KATTEL; DRESCHSLER; KARO, 2022).

The understanding of institutional change as an element to enable learning and the
building of dynamic capabilities, in turn, is a fundamental element in the analysis of
the neo-Schumpeterian trend. Development is understood here as an evolutionary
process of change aimed at increasing Schumpeterian efficiency.* To this end, according

* Schumpeterian efficiency opposes the static perspective of Ricardian allocative efficiency by highlighting
its structural dimension since it is associated with diversification towards sectors of greater appropriability
and innovation dynamism (Schumpeterian efficiency). See Dosi, Pavitt and Soete (1990).
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to authors such as Nelson and Sampat (2001) and Nelson (2008), the institutionality
and transformations of the selection environment are key elements to create feedback
flows of interaction and knowledge exchange, thus stimulating the emergence of the
creative destruction process.

By understanding this process basically from a systemic perspective, neo-Schumpeterian
authors circumvent the limitation previously suggested as a characteristic of
developmentalism. However, in yet another symptom of the lack of dialogue between
the two trends, these authors seem to at least partially neglect important aspects related
to the dynamics of investment and production presented by developmentalists.

In other words, the normative guidance based on so-called smart policies seems to
focus on dimensions that are excessively intangible, general, and disconnected from
the specificities associated with the market structure in each economic sector. Thus,
suggestions such as stepping up innovation efforts and fostering interactions between
different agents of innovation systems, for example, often emerge as a comprehensive
normative corollary that dispenses with the analysis of important factors derived from
the market structure, such as investment dynamics, company size and profile, funding
structure and adherence of the innovation effort to the productive structure and
pattern of local demand.

Briefly speaking, company specificities seem to be understood based solely on their
different levels of technological capabilities, disconnected from the dynamics of
accumulation that characterize their areas of activity. It is precisely because of these
traits that the authors of the developmentalist approach are skeptical about smart policies
and suggest the need for “bringing production back” as a main subject of analysis
to understand structural transformation and development.

Once again one can observe that this paper admits the centrality of industrial policy
to encourage learning efforts towards building dynamic capabilities, even more so in
a setting of transition of the techno-productive paradigm. In no way is such normative
guidance contested here. On the contrary, the typology proposed by this work aims to
contribute to the understanding of this phenomenon in a more comprehensive way
by also ascribing importance to the market structure as a subject of analysis, based on
the dialogue with the contributions of developmentalist authors.

Lastly, also prominent in the neo-Schumpeterian approach are the contributions
associated with mission-oriented policies, especially works by Mariana Mazzucato.
Based on a viewpoint highly suggestive of a normative corollary, Mazzucato, Kattel and
Ryan-Collins (2020) summarize the guidelines of what would be required to develop a
new paradigm of innovation policy. To this end, they suggest that such guidelines should
be directed towards missions invariably associated with the great challenges imposed
on society (such as population aging, global warming, energy transition, reduction of
inequality, among others). These require permanent transformations within public
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organizations to encourage the creation of dynamic capabilities, enabling them to meet
and adapt to the new challenges imposed on public policies.

In turn, the effectiveness of these policies based on the entrepreneurial state require,
in the long term, the construction of a symbiotic relationship between the State and the
private sector, comprising a process of socialization of the positive results of innovation
rather than a relationship that the author calls dysfunctional and parasitic, in which the
private sector benefits from the public sector’s long-term efforts to encourage potentially
disruptive innovations in their budding stages (MAZZUCATO, 2013).

Although this article supports this perception of reorganizing policies and institutions
in order to encourage the construction of a symbiotic innovation system, the interpretation
based on mission-oriented policies also presents some gaps that suggest caution in the
quest for its widespread replication in different economic and political contexts.

The first of them is especially important for the purpose of this article and concerns
the very understanding of industrial policy. Indeed, the normative corollary proposed
in Mariana Mazzucato’s works is more closely related to an economic policy that fosters
growth based on innovation than to conventional definitions of industrial policy.
That is because, according to the author herself, this policy should simultaneously
comprise (i) encouragement of general-purpose technologies, (ii) structural
transformation, (iii) incentive to new growth vectors and (iv) transition to a new
framework of development. All this in a context in which “financial and accounting
reforms should be regarded as a prerequisite for any successful smart and inclusive
growth plan” (MAZZUCATO; KATTEL; RYAN-COLLINS, 2020, p. 433). In other
words, the scope of the policy framework transcends stricter definitions of industrial
policy, such as the one suggested by Chang (1994) and on which this article is based.

Another limitation of mission-oriented policies is the fact that they seem to focus
excessively on the goal of encouraging major transformations, often revolutionary
in nature, given their breadth, pervasiveness, and direction towards reorganizing founding
elements of the economic system. Therefore, they seem to be associated with policy
goals more closely related to countries that are already on the technological frontier.

This fact, in turn, raises questions about the feasibility of reproducing the policies in
developing countries, given that their main goal is catching-up. The difficulties of organizing
the institutional framework and mobilizing political and economic efforts in those countries
for such comprehensive action is also noteworthy. That would require an enormous
amount of resources, extremely complex coordination, and a long maturation period.

The third limitation concerns the fact that the corollary of mission-oriented policies is
based on the US national innovation system, which means that efforts to replicate the guidelines
in developing countries is limited by the frailty of their national innovation systems.

Last but not least, even in the case of developed countries, such policies place little
emphasis on elements that are key to their effectiveness and to the dynamics of innovative
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learning, namely the characteristics of business structures (such as type of company,
capital origin, etc.) and markets (productive structure profile, previous levels of production
and technology capabilities, heterogeneity, among others). In short, there seems to be
no mediation between the initial picking-up process of the technologies to be encouraged,
the future materialization of those technologies in leading companies and the great
structural transformations desired.

Despite the critical interpretation presented in this section, generally speaking,
the viewpoint of this article is that the gaps suggested in the developmentalist and
neo-Schumpeterian analytical approaches basically stem from the lack of dialogue
between them. In other words, they are not derived from conceptual issues and serious
gaps in the fundamentals of the respective trends. In this sense, this article seeks to
contribute to the literature by establishing a dialogue between these analytical currents
and thus proposing a typology of industrial policy capable of supporting a normative
guidance that considers the specificities of the encouraged activities and the respective

production and institutional structures to which they belong.

2. SUGGESTION FOR A NORMATIVE TYPOLOGY BASED ON THE DIALOGUE BETWEEN
NEO-SCHUMPETERIANS AND DEVELOPMENTALISTS

Based on the analysis of the gaps in the principal non-mainstream approaches
to industrial policy—neo-Schumpeterian and developmentalist—this section aims to
develop a typology based on the dialogue between them. Thus, there is the intention
to revive the centrality of the relationship between industrial structure and its heterogeneity
and the requirements of the catching-up process, in the manner of the developmentalists.
However, there is also the intention to incorporate to those constraints the levels of
technology and innovation capability as main variables for competitive dynamics in a
context of transition of the techno-productive paradigm, as suggested by the
neo-Schumpeterian interpretations based on ‘smart policies. Finally, as a further effort
to establish a dialogue between these approaches, the article aims to analyze the capacity
for permanent institutional transformation as a guiding element for the applicability,
coordination, and enforcement of industrial policies, as suggested by the interpretation
based on mission-oriented policies.

The construction of this typology and of the ensuing policy proposals is based on
three logical steps, as shown in Figure 1. Roughly speaking, a first requirement is to
understand the competitive dynamics—in the broad sense, including the innovation
and accumulation spheres—of the target to be encouraged through industrial policy.
This target must be understood based on different forms of materialization, such as
activities, sectors, links in GVCs, among others.
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In this context, it is worth highlighting the understanding of how these materializations
are determined by the direct and indirect influences stemming from their relationship with
GVCs. In other words, the encouragement of activities inserted in GVCs as low-skilled
work-intensive assembly activities imposes substantially different constraints from those
observed in an industrial activity whose main sources of revenue and technological dynamism
are endogenous (GEREFFI, 2014; GEREFFI; HUMPHEY; STURGEON, 2005) or which are
inserted in GVCs as suppliers of highly specialized and value-added inputs, even if
subordinated to companies controlling the chains (DURAND; MILBERG, 2019).

The second logical step in building the typology proposed by the article is to understand
the industrial policy constraints (based on the technological and institutional dimensions,
the level of development of the business structure and the local systemic competitiveness).

Finally, the third logical step, based on the understanding of those constraints,
comprises the construction of a typology that combines local agents’ capability
level—technological, productive and organizational, the degree of effectiveness of
industrial policies and the degree of transversality of the stimulated activities.

Figure 1 — Conceptual framework for the construction of the Industrial Policy typology

Steps | | Analyzed elements

1.
Systemic determinants of competitiveness
Business determinants of competitiveness
Value chain structure
: Kinds of activities performed
: : : Value generation and appropriation strategy

1. Analysis of characteristics / competitive,
innovation and accumulation dynamics in the
activities / sectors / links in value chains

2.
Technological

2. Analysis of Industrial Policy constraints Institutional
Level of development of the business structure
Local systemic competitiveness

3.
Levels of capability—technological, productive and
3. Construction of the typology and policy guidelines organizational—of local agents
Degree of effectiveness of industrial policies

Source: Authors’ elaboration.

The first logical step starts from the observation that the various forms of
materialization of the industrial policy target—activities, sectors and their links with
GVCs—must be understood from the viewpoint of a broad segmentation that admits
competitive, innovation and accumulation dynamics essentially distinct. Therefore,
for each of the different forms of materialization, the effort to build an industrial policy
must analyze a number of traits, such as: business determinants of competitiveness,
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systemic determinants of competitiveness, structure of the GVC, types of activities
undertaken and value generation and appropriation strategy. Thus, by way of illustration,
when the competitive dynamics of the activity is strongly influenced by its insertion in
a GVC, it will be possible to understand the qualitative differences between links based
on geographic/regional aspects—such as the position of car manufacturers in the
Brazilian market—or on certain technological capabilities—such as Taiwanese companies
that are leaders in specific segments of the global semiconductor chip production chain,
among others. And, as suggested by Durand and Milberg (2019), to understand how
susceptible these links are to national industrial policy instruments.

Still at this stage, it is suggested that the understanding of the activities targeted by
industrial policy must go beyond the well-defined and crystallized borders between
industry and services, as typical of the production paradigm of the 2nd Industrial
Revolution, which is based on a logic of vertical integration and roughly underpins the
main analyses and derivations of industrial policies of the developmentalist approach.
That is because one of the characteristics, and at the same time one of the empowering
elements of the transformations underway in the current techno-productive paradigm,
is the growing penetration of knowledge-intensive services in manufacturing activities,
whose definitive expression seems to be so-called Industry 4.0 (ANDREONT, 2020).

Thus, a consequence of the imperative to reassess the relationship between industrial
density and development is the need to understand the role played by technology services
in the competitive dynamics of industrial activities. As Andreoni (2020) emphasizes,
as a result of these transformations, “industrial policy targeting requires a focus on key
parts of modern industrial ecosystems. New heuristics are critical to reveal opportunities
and challenges within sectoral value chains and those nested at the interstices of industrial
ecosystems” (ANDREONT, 2020, p. 389).

From the analysis of competitive dynamics and its relationship with industrial policy,
the second logical step of the approach suggested by this work analyzes the constraints
of industrial policy based on four dimensions.

In the technological dimension, one of the main constraints to be observed is the
degree of horizontality and standardization of the technologies in question. As reminded
by Borrus and Zysman (1997), the higher this degree, the greater tend to be the network
externalities derived from the use of this technology and, therefore, the greater the
lock-in effects. This fact, very typical of technologies with a high degree of generality,
also called general-purpose technologies (GPT), invariably leads to a predominant trend
of few technological platforms and the consequent concentration of market structures
in a reduced number of global scale agents (KENNEY; ZYSMAN, 2016).

In contexts where such characteristics predominate, it is assumed that the possibilities
of implementing industrial policies are fairly restricted (such as supporting specific
national telecommunications standards opposed to those prevailing in the European
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and US markets, derived from the evolution of CDMA and GSM). In turn, in cases
where there is a low degree of generality of the technical base, low network externalities
and reduced lock-in effects, market structures tend to be less concentrated. Therefore,
industrial policies tend to be more effective (such as encouraging startups to develop
specific software for healthcare systems and other public services heavily influenced by
local and/or national contexts). Numerous other constraints are also present in the
technological dimension, such as the cumulative character of learning, the absorption
capacity of agents (COHEN; LEVINTHAL, 1989), the systemic nature of learning
(FREEMAN, 1995; LUNDVALL, 1992; NELSON, 1993), the high degree of uncertainty
and high financial costs for the development of disruptive innovations (MAZZUCATO, 2013)
and the need for minimum scales of efficiency to make the budding technologies
economically competitive. All these elements, to a greater or lesser extent, can be seen
in the barriers to the current Chinese effort to stimulate the capabilities required for
the development and manufacture of semiconductor chips at the technological frontier
and thus circumvent the restrictions imposed by the US on access to machines and
equipment of the semiconductor production chain that have US on-board technologies
(DIEGUES; ROSELINO, 2023).

In the institutional dimension, it is suggested that the constraints for the elaboration
of policies are based on two prerequisites. First, the capabilities related to the conception,
design and implementation of policies. Then, as Cimoli et al. (2007) and Andreoni and
Chang (2019) argue, given that the development process is marked by continuous
imbalances, the institutional infrastructure must be able to undergo transformation
and adapt permanently to the new conditions imposed by this process. Thus, according
to the authors, in this viewpoint one may even say that industrial policy is a process of
“political economy of institutional change”” In line with this interpretation, the studies
by Diegues and Roselino (2023), Naughton (2021) and Chen and Naughton (2016)
illustrate the different processes of institutional change that characterized the evolution
of industrial policies in China and show that the co-evolution of institutions and policies
is one of the elements that explain the virtuous character of its catching-up strategy.
In turn, Edquist (2019) presents advances in Swedish industrial policy based on the
adoption of a new and integrated institutional model.

Along the same lines, Suzigan and Furtado (2010) stress that the institutional
dimension must be able to adapt to the characteristics of a logic of accumulation that
is quite different from the typical production pattern. This, in turn, is key to increasing
the effectiveness of industrial policy in a context of transformations in the techno-
productive paradigm marked by the digitization and servitization of production.
It is worth noting, however, that despite the need to adapt the institutional infrastructure,
the policy formulation strategy must always consider its effective capacity to influence
the decisions of economic agents.
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The third constraint for the elaboration of industrial policies proposed by this
typology concerns company capital control, given its relevance to the degree of
effectiveness of these policies. The greater the autonomy, level and learning capacity
of these agents, the greater tend to be the possibilities for implementing policies
(COHEN; LEVINTHAL, 1989) and their effects on the building of dynamic capabilities
(TEECE; PISANO; SHUEN, 1997). This is illustrated by sectors with a historically
strong presence of national companies and solid trajectories of building capabilities
(technological, productive and organizational), such as the long-term Brazilian
industrial policy aimed at increasing the technological capability of Embraer in the
aeronautical sector (FERREIRA, 2021).

Conversely, in segments financially and technologically dominated by multinational
companies, in which the market and domestic capabilities are hardly relevant to their
global strategies, industrial policies tend to not be as effective. As illustrative cases we
can mention the difficulties faced by Brazil and India to enable the development of high
value-added sectors in the electronics industry—mainly semiconductor chips—despite
decades of efforts (ERNST, 2014; SALLES FILHO et al. (2012).

Finally, understanding the systemic constraints also proves to be essential for the
effectiveness of industrial policies, especially in a context characterized by the widespread
presence of global production and innovation chains (COUTINHO et al, 2015;
FREEMAN, 1995; LUNDVALL, 1992; NELSON, 1993). The main point to be highlighted
is that, given the logic of the chains, systemic constraints should be evaluated from an
international comparison perspective. In other words, levels of cost, productivity,
accumulation, growth potential, innovation, etc., are permanently reassessed by economic
agents in the continuous renewal of their business strategies.

In this context, the design of industrial policies should consider such analyses from
a comparison perspective and seek to build different strategies for different materializations
of global value chain links. By way of illustration, countries with complex innovation
systems would have greater scope to formulate a strategy that seeks to stimulate the
development of local technological solutions, as can be seen in the German initiatives
systematized in Plattform Industrie 4.0 to position their main companies—such as
Siemens, Bosch, BMW, etc.—as leaders in establishing technological standards related
to the emerging Industry 4.0 (HORST; SANTIAGO, 2018).

On the other hand, those countries in which the most relevant systemic features
are related to a domestic consumer market with high growth potential would have
relative advantages for the development of local production compared to countries with
less thriving consumer markets and lacking minimum efficient scale. Thus, they could
direct their strategies towards the development of increasingly complex local production
alongside market growth—as is the recent case of both production and technology
development of the electric vehicle sector in China, according to Teece (2019).
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Based on the understanding of these industrial policy constraints from an international
comparison perspective, the third logical step of the approach suggested by this work
seeks to present industrial policy guidelines based on the combination of three variables
(as briefly mentioned previously):

(i) local agents’ capability level —technological, productive and organizational
(COHEN; LEVINTHAL, 1989; KHAN, 2019; PISANO, 2017; TEECE; PISANO;
SHUEN, 1997);

(ii) the degree of effectiveness of industrial policies (AMSDEN, 2001; ANDREONT;
CHANG, 2019; BEST, 2018; EVANS, 1995; KATTEL; DRESCSHLER;
KARO, 2022); and

(iii) the degree of transversality of the stimulated activities (ANDREONTI, 2020;
FAGERBERG, 2017; FREEMAN, 1995; HIRSCHMAN, 1958; KALDOR, 1966;
KENNEY; BEARSON; ZYZMAN, 2021; LUNDVALL, 1992, 2016;
NELSON, 1993; PEREZ, 2010).

The analysis of the levels of production and technological capability as a guiding
element for the definition of industrial policies relates to neo-Schumpeterian contributions.
It is assumed that the learning process of companies have cumulative effects, which
conditions their future trajectories of reinforcement of this process and, consequently,
the potential effects of the industrial policy. In turn, the interaction between this learning
process and the policy effects shapes the way in which the company’s dynamic capabilities
are built (COHEN; LEVINTHAL, 1989; KHAN, 2019; PISANO, 2017; TEECE; PISANO;
SHUEN, 1997). Thus, they are responsible for defining the level of production and
technological capabilities of the agents targeted by the industrial policy.

As indicators capable of measuring the efforts to foster production and technological
capability, one can cite (always in an international comparison perspective): innovation
efforts focused on R&D expenditures, the number of staff occupied in STEM areas
(Science, Technology, Engineering and Mathematics), capital expenditure (acquisition
of machinery and equipment, etc).

As indicators that could directly or indirectly measure these efforts results the paper
suggests: number of patents, productivity level, revenues from intellectual property,
level of revealed comparative advantage, percentage of exports in relation to net revenues,
rate of innovation, among others.

The understanding of the second variable that guides the construction of the
typology—industrial policies—benefits mainly from interpretations of developmentalist
contributions. As stated in Evans (1995), greater effectiveness is conditioned by the
degree of autonomy and embeddedness of policy makers. Amsden (2001), Chang (1994),
Andreoni and Chang (2019) and Best (2018) also emphasize, as important elements for the
effectiveness of policies aimed at structural transformation and catching-up, the power of
direct and indirect State control over the accumulation dynamics of the economy—based
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on key macroeconomic prices—and strong State/private sector cooperation, coordinated
by the former and subordinated to the logic of national development.

In the empirical dimension, one can list some indicators that are correlated with a
greater potential for policy effectiveness: the existence of solid institutional infrastructure
for designing, applying and evaluating the policy, high capacity for institutional
enforcement of the imposed constraints, a relevant role of national companies—
particularly of State-owned ones—in the market structure of the sectors/activities
targeted by the policy, high relevance of the local market for the stimulated businesses,
relevant impact of public procurement and development bank funding on the dynamics
of learning and accumulation of the stimulated activity/sector, among others.

However, it is worth mentioning that, as is well-known, the effectiveness of industrial
policies involves a high degree of uncertainty, given their intrinsic characteristics of
fostering structural transformation. Thus, the elements introduced in the previous
paragraph are indicators rather than a priori definers of potential effectiveness since,
as Schumpeter (1934) reminds us, structural transformation is essentially a process
marked by permanent imbalances.

The third variable for the construction of the typology—degree of transversality of
stimulated activities. The transversality concept adopted by this paper is based on an
assumption that some activities present higher potential of spreading technical progress
diffusion and enabling endogenous and sustainable economic growth, contributing to
fostering productivity and efficiency among several sectors. So, the paper concept
dialogues with classic structuralist literature (HIRSCHMAN, 1958; KALDOR, 1966)
that identifies these transversality effects as an intrinsic characteristic of manufacturing
activities. In a broader sense, the present paper emphasizes that these pervasive effects
are also strongly observed in modern services (RODRIK, 2014; STOJKOLKI; UTKOVSKI;
KOCAREY, 2016), especially in knowledge-intensive ones. As Andreoni (2020) and
Roselino and Diegues (2020) point out, fostering these transversality effects in order
to reconfigure competition and innovation dynamics is one of the main expected results
of the tech-paradigm transition to smart manufacturing or Industry 4.0.

In sum, the transversality concept adopted by this paper benefits from elements
stemming from both the neo-Schumpeterian and developmentalist approaches. Classical
works by the latter stress the importance of the effects of inter- and intra-sectoral linking
and demand of industrial activities (HIRSCHMAN, 1958) and their potential as vectors
for the transmission of technical progress and increased productivity in other economic
sectors (KALDOR, 1966). Recent literature emphasizes the complementarity among
manufacturing and knowledge-intensive services and the emergence of platforms as
key elements to analyze competition and innovation (ANDREONI, 2020;
KENNEY et al, 2021; PEREZ, 2010). Neo-Schumpeterian interpretations, in turn, stress
the essentially systemic nature of competitiveness and the dynamics of technological
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and innovative learning. Thus, traits such as fostering interaction as an instrument for
the spread of tacit knowledge among the various agents of the national innovation
system are critical to enhancing the effects of industrial policy (FAGERBERG, 2017;
FREEMAN, 1995; LUNDVALL, 1992, 2016; NELSON, 1993).

In the empirical dimension, in order to identify the degree of the transversality of
encouraged activities and sectors, potential indicators include those of Rasmussen-
Hirschman and others related to the analysis of interaction networks between activities,
stimulated technologies and/or patent families, among others.

To better visualize the combination of these variables, Chart 1 features the overall
normative guidelines suggested by the typology. These will be complemented with the
inclusion of the three-dimensional axis of the analysis related to the degree of the
transversality of activities to produce the final version of the typology, analyzed in
greater detail in terms of design and policy implementation.

Chart 1 - Industrial policy guidelines according to degree
of policy effectiveness and level of agent capability

Degree of IP effectiveness
High Low
iliti . Encouragement of systemic competitiveness
Level of capabilities— High | Local technological development 8 4 P ;
technological, and funding of technology-based companies
productive and Encouragement of medium Incorporation of technologies and
organizational— Low | value-added activities, linked to encouragement of their diffusion to increase
of local agents domestic productive structure productivity in the productive structure

Source: Authors' elaboration.

It is worth mentioning that this typology is presented in the same format for analyzing
industrial policy guidelines for both developed and developing countries, regardless of
the country’s level of technological development and productive structure. As demonstrated
earlier, its logical and theoretical construction has exactly as a prerequisite—through
the empirical observation of suggested indicators—to contemplate the heterogeneity
of productive structure and the need for the coexistence of different strategies according
to technological complexities in different countries and regions.

Based on the framework developed in this work, the typology suggests that the
adoption of policies aimed mainly at local technology development should be
characteristic of segments and activities (whether traditionally understood as industry
or services) with high levels of policy effectiveness and capability of local agents. In this
quadrant, when such activities show high transversality across other economic sectors,
traditional neo-Schumpeterian policies stand out, such as encouragement and organization
of the National Innovation System, widespread funding for innovative activities,
encouragement to employ staff in technological functions as compensation for funding,
use of public procurement instruments, technology orders, establishment of pilot
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initiatives to foster the spread of technology—such as the German and Chinese initiatives
to create demonstration units of smart factories—and even setting specific standards

as a means to encourage local technology development (see Figure 2).

Figure 2 - Typology of industrial policy based on degree of policy effectiveness, level
of capability of domestic agents and degree of transversality of stimulated activities

A - High effectiveness and high capability Local technology development

High transversality | | Low transversality

Encouragement of National Innovation System,
widespread funding of innovation activities,
encouragement to employ staff in technological Widespread support for technology-based companies
functions, public procurement, technology orders, pilot and encouragement of startups
initiatives to foster the spread of technology,
encouragement of local technology standards.

B - High effectiveness and low capability
Encouragement of medium added-value industry and service activities linked to domestic productive structure demand

High transversality | | Low transversality

Encouragement of medium value-added activities
through instruments based on domestic content
requirements (linked to activities with the highest level
of technology complexity)

Encouragement of activities linked to niches associated
with future structural changes in the current
techno-productive paradigm

C - Low effectiveness and high capability
Encouragement of systemic competitiveness and funding of technology-based companies

High transversality | | Low transversality

High capacity building of human resources, permanent
incentive to improve production techniques through
extension programs, offer of loans with adequate terms,
cost and volume, overall improvements to physical
infrastructure

Horizontal policies to reinforce the operation of the
institutional system regulating national markets

D - Low effectiveness and low capability
Incorporation of technologies and knowledge-intensive services and encouragement of their diffusion to increase
productivity in the productive structure

High transversality | | Low transversality

Easy access to imported inputs with potential to
increase domestic productivity. Establishment of
regulatory stockpiles of raw materials and components
considered strategic

No targets

Source: Authors' elaboration.
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A set of recent industrial policies that clearly illustrates the situation described
in this quadrant of the typology is the US effort to speed up the development of key
technologies for Industry 4.0. Such efforts materialized in a number of systemic initiatives
to stimulate innovation. Prominent among them are increased funding for research
via the National Science Foundation (through The Endless Frontier Act), for training
human resources in STEM areas and for the development of semiconductor chips at
the technology frontier (with an estimated US$ 52 billion through the CHIPS for
America Act) in order to allow the US companies to reduce the gap vis-a-vis TSMC of
Taiwan and Samsung of Korea in the production of 5 nm and future-generation chips.
In addition, the US government has set up a national network of laboratories and
research institutes (National Network for Manufacturing Innovation) aimed mainly at
developing smart manufacturing applications and then transferring them to the US
productive structure through formal partnership relationships and demonstration effect.
In the specific case of semiconductors, the first results have appeared with the subsidies
to be used for the construction of two new Intel foundries in the state of Arizona
(totaling US$ 20 billion).

Opverall, the situation described in this quadrant of the typology is the closest to the
ideal for the formulation of industrial policies. However, by highlighting the diversity
of constraints present in the formulation of these policies, this typology indirectly
illustrates the relative exceptionality of the situations observed in this quadrant. Thus,
it evokes one of the limitations pointed out in Section 1, namely that the normative
guidance understood as causa causans of the virtuous nature of industrial policies is
the encouragement of technological development—for both the developmentalists and,
especially, neo-Schumpterians. In other words, the analytical effort of this work includes—
and supports—the perception that encouragement of technology learning must be
pervasive across all industrial policy initiatives. However, the aim is to undertake a more
complex analysis of situations to enhance the effects of this guidance by designing
policies adapted to the constraints and which take into consideration their level of
effectiveness and the degree of capability of local agents.

In summary, although encouragement of learning is key to all initiatives, only in
specific cases can local agents be placed in leadership positions in national and
international technology development in their respective areas/sectors of activity.

Still in the same quadrant, when the degree of transversality is low, it is generally
suggested that policies focus both on widespread support for large technology-based
companies and encouragement of startups. An example is the French conglomerate
Alstom, which has been working since the 1970s—with decisive support of French
industrial policy—on the development and production of high-speed trains (TGV) and
is the leader in this market (AUSSILLOUX et al., 2020). On the other hand, an illustrative
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case of industrial policy for encouraging startups is found in the policies of the Israel
Innovation Authority, which seek to characterize the country as a Startup Nation
(WONGLIMPIYARAT, 2016). Given the size of the Israeli economy and the consequent
inability to reach minimum efficient scales capable of making local companies leaders
in key sectors and activities of the international productive structure, such initiatives
seem to be the most appropriate given the level of local technological capabilities.

In cases combining high effectiveness and low capability of local agents, the strategy
suggested is to encourage industry and service activities of medium added value
linked to the demands of the domestic productive structure and the benefits derived
from their knowledge of the specifics of local business models. In a context of
high transversality, such activities could be encouraged through instruments based on
national content requirements (particularly linked to activities with the highest degree
possible of technological complexity rather than strict physical metrics only).

This seem to be precisely the case of the main Brazilian industrial policy initiatives,
especially those indirectly coordinated by the Brazilian Development Bank (BNDES).
In general, in metalworking sectors—given the high scales of production and consequent
importance of funding as a competitive instrument—there is a high effectiveness of
policies requiring local compensation for access to subsidized BNDES loans. However,
given that these sectors are dominated by multinational companies, national ones are
inserted in less prominent links of the production chains. Thus, on the one hand,
the industrial policies are relatively successful in encouraging local production as
aresult of domestic demand—cases in point are the automobile and agricultural machinery
and equipment industries. On the other hand, however, given the deficiencies in capacity
building of local agents, they are limited in terms of addressing the limitation of generalist
local content goals and moving towards the demand for gradual compensation related
to increased domestic learning (SUZIGAN; FURTADO, 2010). Despite these difficulties,
an example of a well-evaluated initiative in this industrial policy quadrant was BNDES’
strategy of gradually encouraging the development of a production chain in the wind
power segment, formed by local companies such as WEG and Tecsis and transnational
companies such as German Wobben (ARAUJO; WILLCOX, 2017).

Still in the quadrant suggesting encouragement to medium added-value industry
and service activities in low-transversality sectors and activities, it is suggested that
policies should focus on stimulating activities linked to niches associated with future
structural changes in the current techno-productive paradigm. An illustrative program
of these guidelines is America’s seed fund based on Small Business Innovation Research
(SBIR) and Small Business Technology Transfer (STTR). About these programs,
Andreoni (2016) states:
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Some of today’s most successful industrial policy measures in the United States have
been introduced and continuously supported along various transformation cycles
[...] This is the case of two programs run by the Small Business Administration
(SBA), namely, the Small Business Investment Company (SBIC) and the Small
Business Innovation Research (SBIR) and Small Business Technology Transfer
(STTR). These programs combine loans, R&D grants, and precommercial public
procurement to support small businesses, original equipment manufacturers
(OEMs), and specialist manufacturing contractors engaged in the development and
scale-up of technological systems or components (sometimes for niche segments).
(ANDREONI, 2016, p. 263)

When there is low effectiveness of industrial policies but high level of technological,
productive or organizational capability of local agents, the most appropriate guidelines seem
to be those aimed at supporting systemic competitiveness and funding technology-based
companies, both industrial and of knowledge-intensive services. For activities with high
transversality, it is suggested that policies focus on measures such as encouraging the
development of highly skilled human resources, providing continuous incentive to improve
production techniques through extension programs, offering adequate loans in terms, cost
and volume, and supporting improvements in overall physical infrastructure. Interesting
examples of initiatives in this direction are the US production extension programs
(Manufacturing Extension Partnership, created in the 1980s and coordinated by the National
Institute of Standards and Technology) and the work of the Fraunhofer institutes in encouraging
and transferring technology between agents in the German manufacturing sector. As for
activities characterized by low transversality, since policy effectiveness is already low and
capability is high, the best measures seem to be horizontal initiatives merely to reinforce the
operation of the institutional system regulating national markets.

Lastly, this typology also suggests that there are situations in which the most
appropriate industrial policy strategy is based on the incorporation of technologies and
knowledge-intensive services and the encouragement of their diffusion aimed at increasing
the productivity of the productive structure when low policy effectiveness is combined
with a low level of capability of local actors. When these activities present high
transversality, easy access to imported inputs seems to be an adequate instrument to
increase domestic productivity. Once again, the semiconductor chip sector offers
important evidence to illustrate the suggestions of this typology. On the one hand,
as discussed above, this segment invariably benefits from vigorous industrial policy
programs, including in countries on the technological frontier such as the USA and Japan.
On the other hand, even in those countries, such policies to encourage local technology

development coexist with low import tariffs on these chips. The reason is that due to
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the specific characteristics of the segment, such as extremely high minimum efficiency
scale and an international market highly concentrated in a restricted number of agents
when it comes to next-generation processor chips—Taiwanese TSMC and, to a lesser
extent, Korean Samsung—a policy that restricted imports would negatively impact the
productivity and competitiveness of other sectors of the economy by reducing their
access to products on the technological frontier, even in countries like the USA and Japan.

However, this strategy can be complemented by building strategic stockpiles such
as the US National Defense Stockpile (NDS) and China’s State Reserve Bureau. Both have
a strategic and comprehensive outlook, seeking to ensure the supply of raw materials
and essential components for national defense and the functioning of the economy
(THE WHITE HOUSE, 2021). It should be noted that, contrary to what is being proposed
in this work, the Chinese agency goes beyond strategic issues in some cases and
has also been used as an instrument to offset price volatility in some sectors.

In a setting of low transversality of activities, in turn, given the low capacity level
of agents and low policy effectiveness, this typology suggests that such activities should
not be targeted by industrial policy.

Before concluding, a brief comment is in order. It is worth mentioning that none
of the policy suggestions presented by this typology derive from fundamentals that
guide the liberal interpretation on the subject, nor do the suggestions presented in the
previous paragraph derive from a priori conceptions of the superiority of horizontal
policies. In other words, they emerge only a posteriori, from the execution of all the
logical steps of the methodology (explained in Figure 1) and from the analysis of the
variables that combine to support the construction of the guidelines (explained
in Figure 2). The latter, in turn, are theoretically based on the developmentalist and
neo-Schumpeterian interpretations of the determinants of competitive dynamics in the

activities to be encouraged.

CONCLUSIONS

The acceleration of transformations of the techno-productive paradigm and the
intensification of interstate and intercapitalist competition emerge as key elements to
understand the renewed debate—theoretical and political—on industrial policy.

This revitalization of the subject occurs in an international context that is substantially
different and more complex from the one used to support the formulation of the
normative corollaries in the period in which industrial policies reached their peak as
key instruments for economic development—between the end of World War II and

the rise of neoliberalism.
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Thus, the approach proposed in this article aimed to identify gaps related to
reproducing traditionally successful industrial policy strategies in the current context
of changes in the techno-productive paradigm, marked by (a) fragmentation of production,
(b) emergence of GVCs, (c) servitization of industrial activities, (d) advancement in
the digitalization of production, (e) dilution of sectoral boundaries, (f) search for the
accelerated gestation of Industry 4.0, etc. In other words, the contextualized theoretical
analysis on industrial policy expressed in this article, as well as the proposed typology,
seeks to contribute to the debate by bringing elements that make it possible to reflect
on the design of more effective policies in a context of great transformation of the
morphology of global scale production.

By presenting policy suggestions that vary widely in degree and in qualitative terms
(including in settings in which they would not be effective), this typology also aimed
to include elements that would allow it to go beyond antagonistic (and sometimes
binary) interpretations that have historically characterized the debate on industrial
policy, including by economists not aligned with the mainstream.

Thus, based on the strategy segmentation presented above, this paper also sought
to contribute to the construction of industrial policy guidelines with a greater degree
of effectiveness, more suited to the specific characteristics of different national productive
structures and based on a systemic understanding of the constraints of production
development in a context of increasing international competitive pressures and transition

to a new techno-productive paradigm, so-called Industry 4.0.
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